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PROCESS AND CATALYSTS FOR HYDROGEN MEDIATED ANIONIC
POLYMERIZATION OF CONJUGATED DIENES AND LIQUID POLYMERS
THEREQOF

n

CROSS-REFERENCE TO RELATED APPLICATIONS

{6001 ] This application, filed September 1, 2021, under 35 US.C. §119{¢}, claims the

cncfit of U.S. Provisional Patent Application Ser. No. 63/073,388, filed September 1,
2020, entitled “PROCESS AND CATALYSTS FOR HYDROGEN MEDIATED
ANIONIC POLYMERIZATION OF CONJIUGATED DIENES AND LIQUID
10 POLYMERS THEREOQF,” the entire conterds and substance of which are hereby
incorporated by reference as if fully set forth below,

TECHNICAL FIELD
{0002] The varicus embodiments of the disclosure relate generally to processes and

compositions for hydrogen mediated anionically polymerized conjugated dicne (CD)

[
(¥ 1]

compositions, ncluding homopolymers and copolymers of 1soprene and/or butadiene,
and processes and compositions for preparing them. It is particudarly useful for processes
and catalysts compositions that form hydrogen mediated polyisoprene (HMPIP) as well
as hvdrogen mediated polvbutadiene (HMPBD) as liquid polymer distribution
compositions. The hthivm alkoxide complexed saline hvdride (LOXSH) catalyst
20 disclosed herein can provide control of both the regioselectivity and stercoselectivity
during the polymerization process to form a varnety of hvdrogen mediated poly-
conjugated diene {(HMPCD) product distributions.
ACKGROUND
{0063] Conjugated dienes such as butadiene and isoprene represent a class of olefins that
25 have been utilized in numerous polymerization applications, and the polvmer products
denved from them are extensively used across several categories of products. For
example, approximately 70% of polybutadiene production is utilized in the manufacture
of tires. Several copolymers and co-resins can include styrene and butadicue as well,
such as styrene butadiene rubber (SBR) and acrylonitrile butadiene styrene {ABS). There
30 are also many grades of hiquid butadiens rubbers {LBRs) that are manufactured and sold
commercially.
{0604] Polymerization of dicnes generally produces an olefinic bond within cach
polymerized unit, but the olefinic bond can be one of several microstructural motifs,

including microstructures with a cis-1,4- boand, a frans-1.4 bond, or a vinyi-1,2 pendant
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to the polymer. {Sce, for example, Figure 1.} The polvmer microstructure and polymer
chain length distribution of the polymerized conjugated diene can generate products with
a range of characteristics, including glass transition temperature (1), polvmer viscosity,

molecular weight, polvdispersity, and asymmetry. The ability to selectively prepare low

hn

molecular weight polv{comjugated dienes), while controlling viscosity and polymer
microstructure, would give access to a new range of poly{conjugated dienes} products
and potential co-polymers. A less desirable microstructure motif formed in high vinyl
polvbutadiene composttions 15 the vinvleyclopentane (VCP) repeating wnit. This
microstructure 1s undesired for three reasons: 1) it reduces the number of double bonds
10 available for derivatization; 2} # mereases the glass transition temaperature; and 3) @
deleteriously increases viscosity — casentially exponentially relative to compositions
pumber average molecular weight or My, This motif is keown to form under anionic
polvmerizations conditions wherein the penultimate vinyl-1,2 butadiene repeating unit

of a living pelyvbutadiene chain undergoes a cyclization reaction with the anwonic

f—
W

fithtum(polvbutadieny) anion end group. For the purpose of determining total vinyl
content one VCP repeating anit is regarded to have arisen from two vinyi-1,2 motifs.

{0005] Generally speaking high vinvi-1,2 low molecular weight polvbutadione
compositions are formed under chamn transfer conditions wherein an aromatic
hydrocarbon having one or more methyl groups (e.g. toluenc) is the chain transfer agent.
20 Effective chain transfor gencrally occurs when the chain transfor polymerization is
conducted at bigher temperatures (>70°C) and/or higher ratios of a polytertiarvamine
promotor {e.g. TMEDA} to Iithiam (TMEDA:L1 is i the range of 1.5:1 to 8:1}. Thus
order to achieve the desired level of chain transfer ~ {o make low molecular weight

compositions ~ higher temperatures and higher promotor:Li ratios can be required.

[
L

However higher temperature and/or higher amine to lithium ratios leads to ever
icreasing levels of incorporation of the VCP microstructure of the product
compositions” polymer chains. Consequently low molecular weight compositions exhibit
mcereased Ty and viscosity at the otherwise desired reduced Ma

[0006] LITHENEACTIV ™ 50 available from Synthomer is reported to have a vinyl-
30 1.2 content of 70 to 80%, M, = 900, non-volatile content of >98% and viscosity @ 25
°C of 30-65 dPa.s (3000 t0 6500 cP). LITHENE™ ULTRA AL is reported to have a high
vinyl-1,2 content of 40 -55% M. = 700, non-volatile content of >95% and viscosity @
25 °C of 30-55 dPa.s (3000 to 5500 ¢Py. Synthomer has one more grade of high vinyl

grade, LETHENE™ ULTRA PH that is reported to have a vinyl-1,2 content of 35 - 50%

58]
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M = 2600, non-volatile content of >99% and viscosity @) 25 °C of 65-90 dPa.s (6500 to
SO00 ¢P). These LITHENE™ compositions are made via organic chain transfer
processes with lithiun-based chain transter catalyst systems. The compositions are of
high viscosity indicating high levels of the VCP microstructare motif. Ricon® 156 and
157, are among two commercially available high vinyl (1,2-vinyl confent of 70%)
compositions products available from Cray Valley, a brand of Total. Having been made
with sodium-based chamn transfer catalyst they are of lower viscosity (low or no VCP
microstructure} than that of the LITHENE products but hike the LTTHENE products have
incorporated at least one aralkyl {e.g. a toluene residue) or aryl (e.g. benzene residue)
motety 10 cach polymer chain, The tochnical data for cach report the following values:
Ricon 156; Mo = 1400, viscosity (@ 25 °C of 1600 ¢P and Ty =-36°C; and Ricon 157 Ma
= 1800, viscosity @ 25 °C of 6000 P and Ty = -51C respectively. Low viscosity along
with low volatile content are highly desired propertics, but although viscosity generally
ccrecases with decreasing molecular weight, the volatide content increases. The
following excerpt from dmionic Polymerization Principles and Practical Applications
{(Hseigh, H. L. and Guark, R. P. Marcel Dekker, Inc. New York, 1996, pg. 615.) makes
clear the desirable charactenistics of nonfunctional higuid polybutadienes:
“Nonfunctional liguid polvbutadienes coniain  high levels of
unsaturation. The fodine number of these polvmers is usually in the
range of 400-430. For ihis reason thev can be modified in a variety of
wavs. In fact, the low-molecular-weight polvbutadienies ave easier fo

modifv chemically than high-moleculor-weight polvimers: higher
concentrations of reagents can be used with minimum levels of solvent.

22

“. three main fectures of liguid BRs have an important bearing on
their application. First, the bulk and solution viscosity are important
in relation to designing formudations with the minimum levels of
solvent or reactive difuent. . . Second, the high level of unsaturation,
in addition fo facilitating chemical modificarions, enables the lguid
BRs to be readily cured. Third, the hydrocarbon backbone resulis ina
polymer, which, after cure, is highly resistant to hydrolysis and other
chemical attacks.”

[0007] High vinyl-1,2 compositions can be highly desirable because they are very
reactive and are easier to crosshink. However as the review of commercial samples recited
above makes clear, such high viayl-1,2 compositions suffer from relatively high viscosity
at low molecular weights and lower molecular weights increase the volatile content. The

compositions incorporate at least one organte chain transfer agent per polymer cham of
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the distribution. Strategies exist that have been emploved to form liguid polybutadiene
composttions of lower viscosity having: A} high vinyl-1,2 polybutadiens content formed
via hiving anionic butadiene polvraerization: B) low vinyi-1.2 polyvbutadiene with high
1, 4-butadienc {mostly rans-1.4 butadiene); as well as ) high ois-1 4-butadiene formed
via Zicgler polvmerization requiring Nickel catalysts with varying quantities of
tralkyialuminn and/or alkyvialumimum halides; wherein cthylene, or propviene or
butviene is used as a chain growth modificr to achieve low molecular weight
compositions. The challenges and limutations of the Ziegler process chemistry is
described by Luxton (Luxton, A, R, Rubber Chem. & Tech., 1981, 54, 5891}, The Nippon
Soda Co. offers three commercial grades of liquid polvbutadiene (brand name NISSO-
PB}): B-1000 vinyl-1,2 content of 85% My = 1200, Ty = - 44°C and viscosity @ 45 °Cof
10 Poise (1000 ¢P), B-2000 vinyl-1,2 content of 88% My = 2100, Ty = - 29°C and
viscosity @ 45 °C of 635 Poise {6,500 ¢P); and B-3000 vinyi-1,2 content of 90% M =
3200, Ty = - 21°C and viscosity @ 45 °C of 210 Poise (21,000 ¢P). Synthormer provides
a low vinyl higuid polybutadicne Lithene Ultra P4-235P reported to have a vinvi-1.2
content of 13 - 25% Mu = 2200, non-volatile content of >99 8% and viscosity @ 25 °C
of 20-30 dPas (2000 to 3000 cP). Evonik provides two high cis-1 4-butadiene
commercial compositions: 1) Polyvest® {10 with 1, 4-butadiene content 99% cis/trans ~
3.13, My = 2600, and viscosity @ 20 °C of 700-800 mPa.s (700 to 800 cP); and 2}
Polyvest® 130 with | 4-butadicne content 99% cis/trans = 3.5, Ma = 4600, and viscosity
(@ 20 °C of 2700-3300 mPa.s (2700 to 3300 cP).

{OD08] Polvbutadiene telomers {(telomerization with toluene} can provide low viscosity
{Brookfield 25°C of 300, 700 and 8300 ¢P) of low molecudar weight (900, 1300, and
2600 Daltons respectively) hguid butyl rubbers wherein the vinyl content is less than
about 50%. Such compositions are produced at lower termperatures and require the
addition of a potassium or sodivm metal alkoxide (e.g. potassium or sodivm rers-
butoxide). It is also understood in the art that telomerization catalyst formed from
butvitithium and TMEDA will provide BR telomers baving 40-50% viny! microstructure
and 15-20% vinyleyclopentane microstructure. Such a BR telomer distribution having a
Mas of 1000 Daltons have a Brookfield viscosity at 25°C of 4000 ¢P. Likewise, a BR
telomer distribution having a Ma of [800 Daktons will have a Brookfield viscosity at
35°C of 45,0600 P (in this connection see Luxton, A R, Rubber Chem. & Tech., 1981,
34, 591).
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{0009] High vinyl content can be desired because the vinvl-1,2 motif reacts faster in
some chemistries than the 14-clefins. Moreover, low wviscosity, fow Te and low
molecular weights can be desirable physical propertics and characteristics. High vinyl,

highly reactive compositions of low molecular weight liquid polvbutadiene are available,

hn

but sach compositions are of higher viscosity and higher glags transition temperature and

-~ 7
o)

have low vinyl-1 2-BD vinyleyclopentane ratios — typically <3.33:1. Likewise low vinyl
and near vinyl free (however less reactive), low to modestly low molecular weight hiquid
polvbutadiene compositions are also avarlable. But, a need still exdsts for an industrially
efficient and cost-effective process technology that can provide new liquid polybutadiene
10 compositions of modestly high {greater than 55 wt%) to high {as high as about 82 wi%)
vinyl-1,2 content (as determined by C-13 NMR analyses) while maintaining a high vinyl-
1,2-BD to VCP ratic and thus provide liquid polvbutadiene compositions of both
increased reactivity and low viscosity. Moreaver, the low molecular chains could be

comprised solely of the conjugated diene (i.¢. no organic chain transfer agent). The entire

f—
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span of these properties of hquid polybutadiene compositions can be casily manufactured
by this disclosure using chenustry that can be very tunable inexpensive catalyst systems
and with chain transfer affected with a very mexpensive chain transfer agent — hydrogen.
BRIEF SUMMARY
{0010] The varicus cmbodiments of the discloswre relate generally to processes,
20 catalysts, compositions, and polymer products for hquid poly-conjugated diene products.
{0011] An embodiment of the disclosure can be a process for polymerizing conjugated
dienes n a hydrocarbon reaction medium. The process can include the chenucal addition
of a lithium atkoxide complexed saline hydride LOXSH reagent to a conjugated diens to

form a polymer initiating specics and polymerizing at least a portion of the conjugated

[
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diene. Another embodiment of the disclosure can be a process for hydrogen mediated
polvmerization of conjugated dienes i a hydrocarbon reaction medium, where the
process can similardy include the chemical addition of a lithiom alkoxide complexed
satine hvdride (LOXSH) reagent to a conjugated dicne to form a polymerization inttiator
and polymerizing the CD 1o the presence of hyvdrogen or hydride mediation {e.g. organic
30 silicon hvdrides). In each process, the LOXSH reagent comprises one of more o——u polar
modifiers. The process can also be conducted in the presence of molecular hydrogen, and

can mchuide co-feeding at least two gaseous and/or volatile compounds to the reaction

(¥
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medium, wherein the at least two gaseous and/or volatile compounds include the
hydrogen and the conpugated diene.
{0012] An cmbodument of the disclosure can be the processes above where the

comjugated diene comprnises isoprene and/or butadiene. The process can nclude

hn

butadiene, isoprene, 2-methyl-1 3-pentadiencs (E and Z isomers); piperviene; 2,3-
dimethvibutadiene; 2-phenvi-1,3-butadiene; cveclohexadiene; B-myrcene; P-farnescne;
and hexatriene The process can further include copolymerizing with non-conjugated
amonically polymerizable hyvdrocarbon movomers {c.g. ecthylene, styrene, methyi-
styrene(s), vinyl-naphthalene, and the like) with the conjugated diene.

10 [0813] In an embodiment of the disclosure, the one or more o polar madifiers can be

seiected from one or more of the Structures 1-1X:

OH
Re-5—R-OH HO-RE5—RE0H R-3--CHy— I"{"CHz """ IR
R
s i i
R“E“CHz_‘FTR HO = HE e G N/ )
R !
> \ /
X n
is R
3 v Vi

Vit Vil X

20 R can be independently an alkyl group which may also be further substituted by other
tertiary amines or ethers. R! can be independently a hydrogen atom or an alkyl group
which may also be further substituted by other fertiary amines or ethers. R? can be —

{CHz)y—, wherein y =2, 3, or 4. Zcan inclode: H O or NR for LH, L IV, and V i) and
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O or NR or CHo for VI, VII, VIIT and IX. The term n can be independently a whole
number equal to or greater than 0, and the term x can be independently a whole number
equal to or greater than 1. It 5 to be understood and appreciated that for structures V-EX

above and below, when v s equal 1o zero that means that the carbon atom does not exist

hn

and that a simgle covalent bond exists between the two adjoining atoms of the structure.

{0014] In an embodiment of the disclosure, the reaction medium for the process can be
a hydrocarbon solvent with a pKh greater than that of Ho. In an embodiment of the
disclosure, the reaction medium can include molecular hydrogen and the partial pressure
of molecular hydrogen can be maintaimed either by a set hvdrogen regulator or
10 autogenously by a set relative hydrogen foed rate at partial pressures between about 0.01
Bar to about 19.0 Bar. In an embodiment of the disclosure, the process can inchude a
temperature that can be maintained in the range of about 20°C to about 130°C. In an
cembodiment of the disclosure, the process can include a relative foed rate of conjugated

diene to hydrogen of from about 5 mole to about 42 mole CD/mole Ha. Inan emabodiment

[
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of the disclosure, the molar ratio of the total charge of monomer to soluble saline hvdride
catalyst can be about 10:1 to about 1000:1. In an embodiment of the disclosure, the saline
hyvdride catalyst can be one or more of 1) LOXLiH reagent; 2) LOXNaH reagent; 3)
LOXMgHy; and/or 4) LOXKH reagent.

{0015] In an embodiment of the disclosure, the aminoalcohol (AA) o—p polar modifier

20 can be one more of N N-dimethylethanolamine; 1-{dimethylamino)-2-propanol; 1-

{(dimethylamino)}-2-butanol; trans-2-{(dimethylamino)eyclohexanol; 2-
piperidinocthanal; -piperidino-2-propanal; I-piperidino-2-butanol; trams-2-

piperidinocyclohexan-1-0l;,  I-pyrrolidinoethanol;  pyoohdinylpropan-2-0l;  1-(1-
pyrolidinyl}-2-batanol; 2-pyrolidinocyclohexanol; 4-methyvi-1-piperazineethanol; 1-(4-
25 methyl-1-piperazinyl}-2-propanci;  1-{d-methyl-1-piperazinyi}-2-butanol; frans-2-(4-

methyl-l-piperazinvi}-cvelohexanol;  [-methyvi-2-piperidinemethanol;  -methyl-2-

pyvrrolidinemethanol; dimethylaminoethanol; N-methvl-dicthanolamine; 3-
dimethylamino-1-propanoi; 1,3-bis{dimethylamino}-2-propanol; 2-{{2-

dimethylanmino)ethytjoethylamivo}ethavol.

30 [0016] In an embodiment of the disclosure, the tertiary amino-cther-alcohol {AEA) G-
u polar modifier can be Z-morpholinoethanol; 1-(4d-morpholinyl)-2-propanol; 1-(4-
morpholinyl}-2-butanol; trans-2-morpholin-4-ylcyclohexanol; 2-{2-

{dimethylanunolethoxyiethanol, 2-(2-(piperidyliethoxy)ethanol; 2~{2-{4~
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morpholinyljethoxylethanol,  2-[2-(1-pyvrrohdinyliethoxyiethanol;,  2-[2-(4-methyl-1-
piperazinyljethoxy|ethanol.
{0017] In an embodiment of the disclosure, the process can include one or more of the

o polar modifiers described above, and can further mclude one or more of ether-

hn

alcohol (EA} o-—p polar modifier 2-methoxvethanol, l-methoxypropan-2-ol, 1-
methoxyvbutan-2-ol, 2-methoxyveyclohexan-1-ol, tetrahydrofurfuryl aleohol,
tetrahydropyran-Z-methanol, diethylene glveol monomethyl ether.
{0018] In an embodiment of the disclosure, the LOXSH catalyst can include between
about 50 mole% to less than 100 mole % of a tertiary amino-alcoho! or a tertiary anuno-
16 ether-alcohol o—p polar modifier and from about 50 mole% to greater than 0 mole% of
an ether-alechol o-—p polar modifier. The tertiary amino-alcohol s—p polar modifier
selected from one or more of NN-dimethviethanolamine: -{dimethylamine)-2-
propanol;  1-(dimethylamino}-2-butascl;  frons-2-{dimethylamino)oyclohexanol, 2-
piperidinocthanal; i-piperidino-2-propanal; I~piperidino-2-butanol; trams-2-
15 pipendinocyelohexan-1-0l;  l-pyrrolidinoethanol,  pvrohdinylpropan-2-ol;  1-(1-
pyrolidinyl}-2-batanol; 2-pyrolidinocyclohexanol; 4-methyvi-1-piperazineethancl; 1-(4-
methyl-1-piperazinyl)-2-propanol;  1-(4-methyl-I-piperazinyi}-2-butanol,  #rans-2-(4-

methvi-L-piperazinyl}-cyvclohexanol;,  {-methyl-Z-pipendinemethanol;  l-methyl-2-

pyvrrolidinemethanol; dimethylaminoethanol; N-methyl-dicthanolamine; 3-
20 dimethylamino-1-propanol; 1,3-bis(dimethylaminey-2-propanol; 2-{{2~

dimethylammnojethylimethylaninofethanol. The tertiary amino-ether-alcoho! can
include  4-morpholineethanol;  1-<(4-morpholiny}-2-propancl;  i-{(4-morpholinyi)-2-
butanol; frans-2-morpholin-4-yleyclohexanol, 2-[2-(dimethvlaminolethoxyicthanol; 2-

{2-{pipendyliethoxyiethanok; 2-F2-{(4-morpholinyljethoxy jethanol; 2-{2-(1-

[
R

pyreohidinyljethoxyjethanol. 2-2-(4-mothyl-1-piperazinyliethoxycthanol. The cther-
aleohol oy polar modifier can be selected from one or more of 2-methoxyethanol; 1-
methoxy-2-propanol; I-methoxy-2-butanol; trans-2-methoxveyclohexanol,
tetrahydrofirfuryl  alcohol, 2-tetrahydropyranyl methasol, and diethviene glycol
monomethyl ether.

30 [0819] In an embodiment, the process can further include either or both of a o type polar
modifier {e.g. sodium mentholate and the hke) and/or a p tvpe polar modifier (e.g THF.

TMEDA, and the hke).
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{0020] An embodiment of the disclosure can mclude a LOXSH catalvst or reagent
composition, where the composition can be selective for L4-CD monomer
microstructure enchainment. The composttion can comprise 1) at least one tertiary amino

alcohol o—p polar modifiers having a 2° or a 3° alechol functional group, 2} an

o

organolithium compound; and 3) optionally clemental hvdrogen and/or an organo silicon

hvdride. The polar modifier can be selected from at least one of the structures:

OH oH
R"'Z"CHz—{TR }‘{mz-—(iﬂzm-h CH,=5=R

HO e HO e SN
10 B R 2

R

15

VII

20
wherein R is independently an atkyl group which may also be further substituted by other
tertiary amines or ethers, RY is independently a hydrogen atom or an alkyl group which
may also be further substituted by other tertiary amines or gthers, T can include: 1) O or

NR for L, TV, and V ; 1) and for VI, VI, and IX can include G or NR or CHz; o is

N2
W

independently a whole number equal to or greater than 0, and x is independently a whole
number equal to or greater than 1. The o—t polar moedifier can include one or more of
I-dunecthylamino-2-propanol, I-piperidino-2-propancl, 1-pyvreohdinylpropan-2-ol, |-
morpholing-2-propanol,  1-(4-Methyl-1-piperazinvl)-Z-propanol, 1-dimethylamino-2-
butanol -piperidine-2-butancl, 1-pyrrolidinylbutan-2-ol, 1-morpholino-2-butanol, 1-(4~
30 methyl-1-piperazinyl}-2-butanol, 2-dimethylaminocyclohexan-1-ol, 2-
piperidinacyciohexan-1-ol,  2-pvrolidinocyclohexanol,  2~{4-methyl-1-piperazinyl)-
cyclohexanol, 2Z-morphohnocyclohexan-i-ol, 1 3-bis{dimethvlammo}-2-propanol, with

optional addition of one or more of 2-methoxyethanol, I-methoxypropas-2-0l, I-
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methoxybutan-2-0l,  2-methoxyevelohexan-1-o0l,  tetrahvdrofurfuryl  alcohol,  or
tetrahydropyran-2-methanol; or diethylene glveol monomethyl ether.

{0021] Au cmbodiment of the disclosure can include a LOXSH catalyst or reagent
composition, wheremn the composition can be selective for 3,4-CD and/or vinyl 1,2-CD
monomer microstructure enchamment. The composition can comprise: a} at least one
tertiary amino alcohol or tertiary ether alcobol o—p polar modifiers; b} at least one
separate cther-alcohol o—p polar modifiers; ¢) an organo lithium compound; and d)
optionally clemental hydrogen and/or an organo silicon hydnde. The o—yu polar

modifiers can be selected from at least two of the structures:

OH
R—5—~R=OH HO-R&-5~R~0H R—EI“C[’%—J[TCI%—E“R
R
i i I
R I o T
OH
R"-E'"(‘,I-Izm}“}-R HO e HC e CHy N/
E{ \ /’X \\ y r}
! ;
v Y Vi

5
N @
sz N\ /; : ’ n
e
o
Vil VHI iX

wherein R is independently an alkyl group which may also be further substituted by other
tertiary amines or ethers, R' is independently a hydrogen atom or an afkyl group which
may also be further substituted by other tertiary amines or ethers, R? is {CHz)y—, wherein
v =2, 3 or4, ¥ can include: i} O or NR for L, HL I, 1V, and V ; 11) and for VI, VI, VII{
and IX can mchide O or NR or CHb; 0 13 independently a whole number equal to or
greater than 0, and x s independently a whole number equal to or greater than 1. The
o—p polar moditiers of the reagent comprises between about 30 mole% to less than 100
mole % of a tertiary amino-alcohol or a tertiary amino-ether-aleohol o—p polar modifier

selected from one or more of NN-dimethylethanolamine; 1-(dimethvlammo)-2-

10
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propanocl;  1-{(dimethviamino}-2-butanol;  maws-2-{(dimethylaminojevelohexanol  2-
piperidinoethancl; I-piperidino-2-propanct; P-piperidine-2-butanol; trans-2-
piperidinocyciohexan-1-ol;  1-pyrrolidinosthanol, pyvrolidinylpropan-2-of;  1-(1-

pyrolidiny}-2-butanol: 2-pyrolidinocyelohexanol; 4-methyl-1-piperazineethanol, (+/-)-

hn

1-{4-methyl-1-piperazinyl}-2-propanocl; {(+/-3-1-{4-methyl-1-piperazinyl)-2-butancd;
trans-2-{(4-methyl-T-piperazinylj-cyclohexanol,  1-methyl-2-piperidinemethanct; -
methvi-2-pyrrolidinemethanol. diethyvlaminocthanol, N-methyl-dicthanolamine, and 3-
dimethylamino-1-propanol; 1. 3-bis{dimethyiammo-2-propanol; 2-412~
dimethylaminojethylimethyvlanuno}-ethanol. The tertiary  aminc-ether-alcohol can
10 include 2-morpholinoethanol;,  1-{(d-morpholinyi}-2~propanol;  1-(4-morpholinyl)-2-
butanol; frans-2-morpholin-4-vleyclohexanol;, 2-[2-(dimethylaminojethoxyjethanol; 2-
{2-{pipendyliethoxyiethanol; 2-2~{4d-morpholinylethoxylethanol; 2-{2-(1~
pyrrolidinyliethoxylethanol, 2-[2-{4-methyl-1-piperazinvllethoxyiethanol. The ecther-
alcohol o—p polar meodifier can be selected from one or more of 2-methoxyethanol; 1-
15 methoxy-2-propanol; F-methoxy-2~-butanol; froms-2-methoxyeyelohexanol;
tetrahvdrofurfuryl alcohol; 2-tetrahydropyranyl methanol, and diethylene glyeol
monomethyl ether. In an embodiment, the ratio of. total amino-aloohol (AA) and/or
amino-cther-alcohol (AEA) to the total separate ether-alcohol (EE) o—u polar modificr
({AA +AEALEA) is in the range of about 9:1 to 1:1 and preferably in the range of abowt
20 4:1toabout 2:1
{0022] An embodiment of the discloswre can inclode hvdrogen mediated anionic
poly{conjugated diene) distribution composition, that can be characterized as haviag: 1)
number average molecular weight distribution Ma in the range of about 500 to about 2600

=t

Daltons; 2} a Brookfield viscosity (25°C) m the range of about 20 to about 200,000 ¢P;

N2
W

33 14-CD microstructure content in the range of 20% to about 85%; and 4) glass

transition temperature Ty io the range of about -120°C to about -20°C.

BRIEF DESCRIPTION QF THE DRAWINGS
{0023] Figure | illustrates standard polvmer microstructural units for poly-conjugated
dienes, including mucrostructures of composttions 1o accordance with exerplary
30 embodiments of the disclosure.
{0024 Figure 2 ihustrates an XY -Scatter Data of Viscosity (Y -axis ¢} vs. Mo (X-axis,
Daltons} for toluene butadiene chain transter telomer distributions, made in the Prior Art.

A-Type TMEDA complesed hithium catalyst (hagh vinyl high wiscosity}. P-Type

11
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TMEDA complesed potassium catalyst (low vinvl, reduced viscosity) US patents:
3 678,121, 3.760.025. 3.742.077: 4,049,732: 4,041 088,

{0025] Figure 3 iHlustrates XY -Scatter Data of Viscosity (Y -axis, Brookfield, 25°C, ¢
vs. Mn {X-axis, Daltons) for hvdrogen mediated polvisoprene (HMPIP) compositions
having between 30% and 80% 1 4-IP conients in accordance with exemplary
cmbodiments of the disclosure.

{0026] Figure 4 illustrates XY -Scatter Data of Viscosity (Y -axis, Brookfield, 25°C, cP)
vs. M (X-axis, Daltons) for bvdrogen mediated polybutadiene (HMPBD) compositions
having 35 wi.% and 81 wt.% total vinyl contents in accordance with exemplary
embodiments of the disclosure.

{0027} Figure 5 ilustrates XY-Scatter Data of 1/Tg {v axis K1) v, VM. (K-axis,
Daltons™) for hydrogen mediated polybutadiene (HMPIP) compositions having between
30% and 80% 1.4-IP contents in accordance with exemplary embodiments of the
disclosure.

[0028] Figure 6 illustrates XY-Scatter Data of 1/Tg (v axis K'Y vs. I/Ma (X-axis,
Daltons™') for hydrogen mediated polvbutadiene (HMPBD) compositions having
between 30% and 679 total vinyl contents in accordance with exermaplary embodiments
of the disclosure.

{0029] Figure 7 illustrates XY-Scatter Data of U/Te (v axis K1) ve, FMa (X-axis,
Daltons™) for hydrogen mediated polybutadiene (HMPBD) compositions having
between 74% and 81% total vinyl contents m accordance with exemplary embodiments
of the disclosure.

[0030] Figure 8 illusiraics the reaction pressure profiles for Examples 23-25
demonstrating that the high activity of the LOXKH catalyst resulting in reactor pressures
at steady state from as low as 4 PSIG down to 0 PSIG in accordance with exemplary
embodiments of the disclosare.

{0831] Figure 9 lustrates the reaction pressure and temperature profifes for Example 46
demounstrating that the steadv state autogenous pressure was between 16 and 18 PSIG
with a steady state temperature of 71°C 1 accordance with exemplary embodiments of
the disclosare.

{0032] Figure 10 dlustrates the reaction pressure and temperature profiles for Example
53 wherein two separate portions of butadiene monomer were fed to the reaction medinm
demonstrating the high efficiency and robust nature of the LOXLiH catalyst of that

Example in accordance with exemplary embodiments of the disclosure.

12
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{0033] Figure 11 lustrates the reaction pressure and temperature profiles for Examples
63-65 wherein the 1,4-BD selective LOXLiH catalyst formed from 1-pipendino-2-
butanol as the o— polar modifier where low vinyl HMPBD distribution compositions

baving Mg of 701, 1139 and 1378 Daltons were formed respectively, in accordance with

o

exemplary embodiments of the disclosure.
{0034] Figure 12 illustrates a calibration relating the Ma of the HMPBD composition
(after stripping solvent and the low molecular weight butadiene oligomers) as a function
of the ratio of total butadiene to total hydrogen, demonstrating that any Ma over the range
of about 500 to about 2600 Daltons can be produced by design, in accordance with
16 exemplary embodiments of the disclosure.
{0035] Figure 13 dlustrates structure activity relationship of preferred tertiary amino
alcohol ot polar modifiers used in forming the catalyst, in accordance with exemplary
embodiments of the disclosure.
DETAILED DESCRIPTION
15 {0036] Although preferred embodiments of the disclosure are explained in detail, it s to
be understood that other embodunents are conteraplated. Accordingly, it 15 not intended
that the disclosure is himited in its scope to the details of construction and arrangement
of components set forth in the following description or Hlustrated in the drawings. The
disclosure is capable of other embodiments and of being practiced or carried out in
20 varnous ways. Also, in describing the preferred emboduments, specific terminology will
be resorted to for the sake of clarity.
{0037] It must also be noted that, as used in the specification and the appended claims,
the singular forms “a,” “an” and “the” include plural referents uniess the context clearly

dictates otherwise.

N2
W

{0038] Also, in describing the preferred embodiments, terminology will be resorted to
for the sake of clanty. It is intended that cach term contemaplates its broadest meaning as
understood by those skilled in the art and ncludes all technical equuvalents which operate
in a similar manner to accomplish a similar purpose.

{0039] Ranges can be cxpressed herein as from “about” or “approximately” one
30 parscular value and/or to “about” or “approximately” another particular value. When
such a range is expressed, another embodiment imcludes from the one particular value

and/or to the other particular value.

13
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{0040] By “comprising” or “comprising” or “mcluding” is meant that at least the named
compound, element, particle, or method step s present in the composition or article or
method, but does not exclude the presence of other compounds, materials, particles,
method steps, even if the other such compounds, matenial, particles, method steps have
the same function as what is named.

{0041] The teom “and/of” means singular or a combination. For Example, “A and/or B”
means “A” alone, “B” alone, or a combination of A and B.

[0042] The term “with or without” means singular or in combnation. For Example, A
with or without B means “A” alone or a combination of A and B.

{0043] Ht 15 also to be understood that the meuntion of one or more method or process
steps does not preclude the presence of additional method steps or intervening method
steps between those steps expressly identified. Similarly, it is also to be understood that
the mention of one or more components in a device or system does not preclude the
presence of additional components or mntorvening compounenis between those
components expressly identified.

{0644] The term "alkyl", as used herein, unless otherwise indicated, includes saprated
monovalent bvdrocarbon radicals having straight or branched moicties. Examples of
alkyl groups include, but are not hmited to, methyl, ethyl, propvl, isopropyl, butyl,
isobutyl, t-butyi, pentyl and hexyl.

{0045] The term "aryl”, as used herein, unless otherwise indicated, includes an organic
radical derived from an aromatic hydrocarbon by removal of one hvdrogen, such as
phenyl, naphthyl, indenvl, and fluorenyl. "Aryvl” encompasses fused ring groups wherein
at least one ring is aromatic.

{0046] The term “aralkyl” as used herem indicates an “aryl-alkvl-" group. Nov-limiting
example of an aralkyl group is benzyl {CeHsCHz-) and methylbenzyl (CHaCeHaCH2- ).
{0047] The term “alkaryl” as used herein mdicates an “alkyi-arvl-* group. Non-limiting
cxamples of alkaryl are methyiphenyl-, dimethylphenyl-, ethylphenyl- propylphenyl-,
isopropyiphenyl-, butyviphenyl-, isobutylphenyl- and t-butylphenyl-.

{0048] The term "cycloalkyl", as used herein, unless otherwise indicated, ncludes non-
aromatic saturated eyclic alkvl moieties wherein alkyl is as defined above. Examples of
cycloalkyl mclude, but are not linuted to, cyclopropyl, cyclobutyl, cyclopentyl,

cyelohexyl, and cveloheptyl.

14
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{0049] The term “polvmer”, as used herein, unless otherwise indicated, refers to the term
“polvmer” as defined in the context of the OECD definition of “polvmer”, which 1s as
follows:

“A chemical substance consisting of molecules characterized by the

hn

sequenice of one or more fvpes of monomer units and comprising o simple
weight majority of molecules containing at least three monomer units
which are covalemly bound to at least one other monomer unit or other
reactant and which consists of less than o simple weight majority of
molecules of the same molecular weight. Such molecules must be
10 listributed over a range of molecular weighis wherein differences in the
moleculoar weight ave primavily attributable to differences in the number
of monomer units.”
{0850] Saline Hydrides (meaning ionic hydrides), as used herein, unless otherwise

mdicated, is defined by the presence of hydrogen as a negatively charged ion, H™, m

[
W

combination with an alkali metal or alkaline earth metal said alkah metals include
Hithium, sodium, potassiem, rubidium, and cestum; and said afkaline earth metals include
magnesium and calcium.
{0051] Polymer Microstructure and Molecular Architectures: Polymer microstructure as
psed here refers to a discrete polymer chain’s {or chain length distribution of such chaing)
20 configuration in terms of ifs composition, sequence distribution, steric configuration,
geometric and substitutional isomerism. An important microstructural feature of a
polymer can be its architecture and shape, which relates to the way branch points lead to
a deviation from a simple linear chain. For anionically polymerized polybutadiene and

polvisoprene © is well understood that soveral constitutional microstructures can be

[
L

formed {see Figure 1)

{0052] Polar modifiers, as used herein, anless otherwise indicated, generally includes
four different cases based on how they interact, moreover, complex with the cationic
counterion{s} of the polymerization catalyst and/or mitiator. The designations are
o, 1, 6 + poand s—u. A “o complex” denotes a polar modifier that 1s a Lewis base, e.g.
30 THF, TMEDA. A “u complex” denotes a polar modifier that is a Lewis acid e.g. sodium
mentholate SMT). A "o + p complex” denotes a mixtare of polar modifiers contain both
a Lewis base and an acid. A “o-—up complex™ denotes a polar modifier wherein both the

Lewis base and acid are on the same ligand e.g. DMEA (BMAE). A comparison of the
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differing effects of 20 separate polar modifiers or combinations of polar modifiers (i.c.
o + W) nftiators on the vinyl content {ranging from 10% to 90% vinyl-1,2} of anionically
polvmerized batadiene i1s provided by Kozak and Matlengiewicz (Kozak, R,
Matlengiewicz, M., “Tofluence of Polar Modifiers on Microstructure of Polybutadicne
Obtained by Amionic Polymerization, Part S Comparison of p, o, 5+ g and o—p
Coraplexes” Int. J Polym. Anal. Charact. 2017, 22, 51-61).

{0053] LOXSH, as used herein, unless otherwise indicated, can include a lithim amino-
alkoxide complexed saline hydnde, a lithium amine-ether-alkoxide complexed saline
bydrde, or a ithium cther-alkoxide complexed saling bydnde formed from: (i) molecular
hvdrogen; (11} an organohthium compound with or without an organomagnesium
compound; (iti} optionally a polytertiarvamine compound {7 type polar modifier); {iv) a
tertiary amino alcohol and/or a tertiary amino cther-alcohol and/or a cther-aleohol (o—
u polar modifiers); (v} an optional solid alkali or alkaline earth metal hydride or an alkali
metal or alkali metal alloy (vi} optionally an aromatic hyvdrocarbon having at least one
{-H covalent bond p&s within the range of 2.75 p&l units above that of the p&a of toluene
to ~4.30 pKa units below the pKa of toluene; and (vii) a hvdrocarbon solvent with a p&Ka
greater than Ho; wherein the aromatic hydrocarbon and hydrocarbon solvent may be the
same or different (sec: Daasbjere, K, Acia Chemica Scandinavica, 1998, 49, 87%:
“Estimation of the pK for some Hydrocarbons and Aldchyvdes and Solvation Encrgies of
the Corresponding Anions™).

{0054] LOXLiH 1s a term denoting the monometallic form of LOXSH where the
catalyst/reagent is formed with hithim reagents as the only metal reagents. LOXKH is
term denoting a bimetallic catalyst comprised of lithtum and potassium wherein a portion
of the active saline hydnde is potassium hvdnde. LOXMgH: is a term denoting a
bimetallic catalyst comprised of lithivm and magnesium wherein a portion of the active
saling hydride is a magnesium hydride.

[B0SS] A brief summary of parameters used to describe molecular weight distributions
and the equations that define them are presented in Table I below. {A. Rudin, The
Elements of Polymer Science and Engineering. Academic Press, Orlando, 1982, pp. 54-
58). Molecular weight data are determined via GPC using polystyrene {(HMAPS)

standards, or polyisoprene standards or polybutadiene standards as appropriate.
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Table |

Parameter Eguation

DPa = (Mn-2)/MW (wherein MW denotes

DPa, Number average degree of , -
" crage cegre the molecular weight of the monomer

polvmerization . .
repeating unit)

Ma, Number average molecular weight | My (& Ming)

Muw, Weight average molecular weight | Mw = [{Z Mfn)/Mu}

Mz, z-Average molecular weight M = (& M)/ ZMPn;

PD, Polyvdispersity Index {also PDI} PD = (X M)/ [{Z Mi*niy/Ma]
Variance V= (MuMu-Ma?}

Standard Deviation, on o = W MwMa-Mn?)

Skewness, 3Us a3 = MMy Mp-3 MM+ 2My7
Asymmetry, n0a w03 { MM M- 3Me*Mw +2Mo®) /o’

{0056] The term “molecular hydrogen,” also referred to as “clemental hyvdrogen,” means
H2. Ho typically means the conunon isotope 'Hz but can also include the isotopes of
hydrogen *Hz or °Hez either as mixtures of the isotopes or enriched in a particular isotope
whether in the gas state in the vapor space or dissolved in the condensed phase.

{0057 The tomm “polarizing complexing agent” {({PCA] v a chemical formula) 15 a
general ferm for the neutral aleohol o—p polar modifiers (PM) used in forming the
catalyst of this disclosure such as a terhiary amino aleohol, a tertiary amino ether-alcohol
or an ether-alcohol.

{00S8] The disclosure cntails a process for polymerizing conjugated diencs.
Polymernization processes can be described 1n several different steps, including but not
fimited to imtiation, polymerization, chain transfer, and fermnation. While 1t is
contvenient to refer to these steps as sequential and individaal, a reaction mixture can be
undergoing one or more of cach of these sieps at any pound 1o tume. However, in general,
and without wishing to be bound by theory, a first step in a process can be an inifiation
step, where a catalyst composition, a polymernization reagent, a reactive imtiator, or other
species can be formed in a sobution and then subsequently can react with the monomer.
in describing an “jnitiating solution” or “imitiation reagent” or other inttiating specie, one
of ordinary skill can recognize that the actual specie m solution may or may not be
stoichiometrically the same as the components used to form it, but the reaction can still
be described based on the components used to make that specie.

{0059] In this disclosure, an initiation step can ental the chemical addition of a saline
hydride of a lithium alkoxide complexed saline hydride (LOXSH) reagent to the

comjugated dicne (hydrometalation reaction) and wherein the LOXSH reagent comprises

17
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one or more o4 polar modifiers. The disclosure can further include a process for
hyvdrogen mediated polymenzation of compugated dienes wherem an imtiation step can
entail the chemical addition of a saline hydride of a lithiom alkoxide complexed saline

bydrde (LOXSH) reagent o the comjugated diene and wherein: 1} the LOXSH reagent

hn

comprises one or more o polar modifiers; and 23 the process can be condacted in the
presence of elemental hyvdrogen. The mmtiation step can also include the chemical
addition of the LOXSH reagent to ethylene, styrene or any other anionically
polvmerizable hvdrocarbon monomer (Hsieh and Quirk pp 96-99 inclusive of only
bydrocarbon monomers).
10 [0860] The hvdrogen mediated polymerization of conjugated dienes of this disclosure
can utilize o polar modifiers. These oy polar modifiers can be selected from at
least one of the structures:
Ol
Re—3—R-0H HO-R&y~R-OH R»}:-ué::}ig—-hif}‘iz““l‘l‘“}‘
R

| il i

HO e H G e G e N

15 R
V Vi
HO N \
N/ )
sz N /’ \ ’ g
n
o )
N 7
X
Vi Vi iX

wherein R is independently an orgamic group which may also be further substituted by
20 other tertiary amines or cthers, R! is independently a hydrogen atom or an organic group
which may also be further substituted by other tertiary amines or ethers, R is a ~(CHzh—
group wherein v =2, 3, or 4, % can include: ) G or NR for L I, 1, IV, and V | 11} and
for VI, VH, VI and IX can include O or NR or CHz; the index value n is independently
a whole number cqual to or greater than ¢, the index value x 1s independently a whole

25 number equal to or greater than 1. Preferably, R can be an alkyl or cveloalkyl group,
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more preferably an alkyl group, which can also be further substituted by other tertiary
amines or ether. Similarly, Ri can preferably be an alkyl or cyeloalkyl group, more
preferably an alkyl group. which can also be further substituted by other tertiary amines
or ether,

{0061] The LOXSH catalysts, also referred to as LOXSH reagent, LOXSH reagent

hn

catalyst or LOXSH reagent composition, can be prepared as described in the commonty-
owned WO2017176740, “Process and Hydrocarbon Soluble Saline Hydride Catalyst for
Hydrogen Mediated Saline Hydnde Tottiated Anjonic Chamn Transfer Polvmerization and
Polymer Distribution Compositions Prodaced Therefrom,” the contents of which are
10 incorporated by reference o this disclosure, as if fully sot forth herein.
[8062] The processes of the disclosure can include co-feeding at least fwo gaseous and/or
volatile compounds to the reaction medivm, wherein the at least two gaseous and/or
volatile compounds comprise hydrogen and the low boiling conjugated diene. Low

botling conjugated dienes mclude conjugated dicnes with a low vapor pressure, which

[
W

can cause difficuliics in maintaining a standard solution phase. A low boiling conjugated
diene can have a boiling point of less than 200° C, or preferably less than 100 °C, less
than 80°C or less than 706 °C.

{0863] Preforred conjugated dienes include isoprenc (IP and PIP for the polymer) and/or
butadiene (BD or PBD for the polymer}. The process can also further include styrene,
20 which may be optionally co-polymerized with the conjugated diene. Other anionically
polymerizable conjugated diene monomers which can be used in this disclosure include
Z-methyl-{,3-pentadienes (E and 2 isomers), piperviene; 2,3-dimethvlbutadiene; 2-
phenyl-1,3-butadiene; cvelohexadiene, B-myrcene; and P-farnesene; or Z-methyl-1,3-

3

pentadienes (E and Z isomers); piperylene; 2,3-dimethyvibutadiene; 2-phenyl-13-

25 butadiene; cyclchexadione; or: piperviene and 2,3-dimethylbutadiene. It should be noted
that {(£)-1,3.5-hexatriene and hexatriene though not conjugated dienes — but conjugated
trienes — may also be used in the present disclosure.
{0064] The processes of this disclosure can be conducted i reaction medium comprising
a hydrocarbon solvent with a p&h greater thao that of Ha. The process can be further

30 characterized by a partial pressure of molecular hydrogen, where the partial pressure can
be maintained at pressures between about (.01 Bar to about 19.0 Bar. The temperature
of the process can be maintammed in the range of about 20°C to about 130°C, about 30°C

to about 120°C, or about 40°C to about 100°C. In the process, molar ratio of the total

13
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charge of monomer to soluble saline hydnde catalyst imtially formed can be about 10:1
to about 2000:1 and the saline hydride catalyst can be a one or more of 1} LOXLiH
reagent; 2y LOXNaH reagent; 3) LOXMgH: reagent; and/or 4) LOXKH reagent.

[8065] The processes of this disclosure can entail feeding alow boiling conjugated diene,

hn

inchuding gascons conjugated dienes such as 1,3-butadiene, isoprene, w/ BF < 50°C, and
hydrogen in a set molar ratio over the course of the entire feed ~ leaving the reactor
pressure which can be a function of the partial pressure of any solvent vapor pressure,
hydrogen and of the volatile conjugated diene — to adjust auwtogenously to achieve
whatever activity of hyvdrogen and of conjugated diene in the condensed phase that is
10 reguired to run the process cfficiently and at a relative steady state pressure and
temperature. This mode of operation can be demonstrated by the drawings of Figures 8-
11. The process comprises co-feeding low boitling conjugated diengs, {¢.g. 1, 3-butadiene)
with hydrogen in a pre-set molar ratio{s) to the polyvmerization reaction mixture over the

course of the co~-feed wherein the reactor pressure adjusts autogenously to the consequent

f—
W

condensed phase activity of hydrogen and of the conjugated diene at a relative steady
state pressure and temperatare. The pre-set molar ratio can be varied as desired over the
course of the process. Such a process provides precise and reproducible product
distnibution compositions wherein the number average molecular weight My can be
proportional to the total butadiene fed divided by the moles of hydrogen consumed,
20 which is demonstrated by the graph in Figure 12 of the data of the Examples. A Ma
molecular weight can be selecied by adjusting the mstantancous relative feed ratio of
monomer to hydrogen to the reaction medium. The exact feed rate does not matter for
the Mn; mstead the relative feed rates matter when deternuning the imtial Ma. The exact

feed rate (in terms of monomer per unit time relative to catalyst charge) can help shape

[
L

the distribution (broaden or make less broad) as well as have an effect on the product
microstructure particularly for liquid polybutadiene compositions. Accordingly, the
processes of this disclosure can provide relatively narrow molecular weight distnibutions,
MWD, with polydispersity in the range of about 1.29 to about 2.02 preferably in the
range of 1.29 to about 190 and of low asvoumetry i the range of 1.65 to about 2.40
30 preferably in the range of 1.65 to 2.00. The autogenousty generated reaction pressure can
be the result or the product of some combination of the following: a) the relative fee

rate of hyvdrogen to monomer; b) the feed rate of reactants relative to catalyst
concentration; ¢) the reaction temperature; d) the activity of a particelar LOXSH catalyst;

and ¢} the vapor pressure of the reaction medium or solvent(s). Geunerally speaking

20
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catalyst that tend to form high vinvi-1,2 content compositions tend to also be the most
active catalyst and provide processes that run at lower pressures andior at lower
temperatures for a set relative feed and relative feed rate. The reactor temperature and

pressure profiles presented in Figures 8 through 11 demonstrate how the reactor pressure

hn

can be set autogenously, or in other words 1s “generated from within” the reaction and
reactor process.

{0066] In the practice of this disclosure, the crude reaction mixture can be formed by co-
feeding the CD monomer(s) with hvdrogen to a reaction medivm comprising the LOXSH
catalyst. The relative feed of the UD monomer to hydrogen can be in the range of about
10 3 mole to about 42 mole CD/mole Ha. Relative feed rates of the D monomer {e.z.
butadiene) to hydrogen can be in the range of about 8 {0 about 40 mole CD/mole Ha.
Relative foed rates can be in the range of about 15 €0 about 30 mole CD/mole Ha. At the
range of about 15 to about 30 mole CD/mole Ha, the Ma of the solvent and oligomer

stripped product distribution approaches the theoretical Mn = (mole UD/moles

[
W

He)*FWoep] (as demonstrated 1o Figure 12}, wherein FWep 1s the formula weight of the
comjugated diene monomer. In the processes of this disclosure the co-feed of CD
monomer with Hz can be conducted over a period of about 20 nunutes, about 40 minutes,
or about 60 nunutes or more. The processes of the disclosure can be conducted up to
about 480 minetes in batch, or can be longer for a continucus operation. For bateh or
20 semi-batch mode of operation the total co-feed times can be in the range of about 60
minutes to about 240 minutes. For example, for a hydrogen mediated polybutadienc
(HMPBD) composition having M of 900 over 120 nunutes, 15 moles of butadiene could
be (in accord with Figure 12) co-fed to the LOXSH catalyst containing reaction medivm

at a ratc of {15 mole BDV/mole Hol/120 min = 0.125 mole BD/mole Hu/nun ] Likowise

[
L

for a HMPBD distnibution having Ma of about 1400 over 90 minutes, 25 moles of
butadiene could be co-fed to the LOXSH catalyst containing reaction mediom at a rate
of [25 mole BD/mole Ha}J/90 min = 0.2778 mole BD/mole Ho/min.

{0067] In the disclosure, relative foed rate of CD/Hp/unit time can vary over the range of
0.0333 mole CD/mole Ho/nun for lowest molecular weight compositions to 1.6667 mole
30 CD¥Vmole Ho/min for lighest molecular weight compositions. Accordingly relative feed
rate of CD/Ha/unit time can vary over the range of A) from about [8 mole BD/mole
Hal/240 min = 0.0333 mole BD/mole Ho/min to about {8 mole BD/mole Hzl/60 mm =
0.1333 mole BD¥V/mole Ha/mun. for the lowest molecular weights: to about B} {40 mole

BD/mole Ha}/240 mun = 0.1667 mole BDVmole Ho/min to about {40 mole BD/mole

21



WO 2022/051376 PCT/US2021/048684

Hz2}/60 mn = 0.6667 mole BD/mole Ho/min, for the highest molecular weights. The
monomer {o hydrogen co-feed time can be in the range of from about 90 minutes to 180
minutes. The relative feed rate of CD/He/urut time can vary over the range of 0.0833

mole Ch/mole Homn for lowest molocular weight compositions: to 03333 mole

hn

CD/mole Hy/min for the highest molecular weight compositions. Accordingly the
relative feed rate of UD/Ho/unit time can vary over the range of A} from about |15 mole
Bymole Hal/180 nun = 0.0833 mole BD/mole Ho/min to about {15 mole BD/mole
Hz}/90 min = 0.1667 mole BD/mole Ho/min. for the lowest molecular weights; to about
B) {30 mole Bl¥Vmole /180 min = §.1667 mole BD/mole Ho/min to about {30 mole
19 BD/mole Ha}/90 mmn = 0.3333 mole BD/mole Ho/min. for the highest molecular weights
of the range. The process can be conducted at temperatores n the range of 30°C and
130°C with sufficient agitation to assure efficient mass transfer of hydrogen to the
condensed phase. Relative foed rates of mole CD monomer to mole of contained saline

hyvdride can be from about 70 to about 1000 mole CD per mole SH in the LOXSH catalyst

[
W

composition; wherein the sahine hydride, SH, can be one or more of LiH, and/or NaH,
and/or KH, and/or Mgt and/or CsH.
{0068] The LOXSH catalyst utilized in the processes of this disclosure includes a o—p
polar modifier which can be one or more of N N-dimethylethanolamine; 1-
{dinethylanmino)-2~propanol; [~{dimethylamino)-2-butanol; trans-2-
20 {(dimethvliammo)eyclohexanol  Z-piperidinoethanol;  I-piperidinc-Z-propanol;  1-
piperidino-2-butanol; trans-2-piperidinocyclohexan-1-of; {-pyrrolidincethanocl;
pyvrrolidinvipropan-2-0f;  i-(1-pyrolidinyl}-2-butanol;, Z-pyrohidinocyelohexanol; 4-
methyl-1-piperazincethanol;,  I~{d-methyl-1-piperazinyl}-2-propanol;  1-(4-methyl-1-
piperazinyl}-2-butanol; trans-2-(4-methyl-1-piperazinylj-cyclohexanol; 2-
25 morpholinocthanol; 1-{4d-morpholinyl}-2-propanol; 1-{4d-morpholinyl}-2-butanol; frans-
Z-morpholin-4-yicyclohexanol; I-methyl-2-piperidinemethanol; t-methyl-2-
pyrrolidinemethanol.  diethylaminoethanol,  N-methyl-diethanolamine, and  3-
dimethylaming- 1-propanol, 2-{2-{dimethylaminojethoxycthanol, 1.3-
bis{dmmcthylamino)}-2-propanol; 2-{i2-dimecthylaminojethylimethylamino }ethanol, 2-
30 [2-{dmmethylaminolethoxyiethanol; 2-2-{prperidyliethoxyiethanol; 2-{2-(4-
morpholinylethoxyiethanol;  2-[2-{1-yrrolidiyljethoxyiethanol;  2-{2-(4-methyl-1-
piperazinyhethoxylethanol with optional addition of one or more of 2Z-methoxyethanol;

-methoxy-2-propanol; -methoxy-2-butanol; trans-2-methoxyeyelohexanol;
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tetrahydrofurfurvl  aleohol; 2-tetrahvdropvranyl methanol, and dicthylene glveol
monomethyl cther .
{0069] The LOXSH catalyst utilized can also include a o—p polar modifier that can be

composed of between about 50 mole% to less than 100 mole % of an tertiary anuno-

hn

aleohol or tertiary amino-sther-aleohol o—p polar modifier and from about 50 mole%
to greater than 0 mole% of an ether-alcohol o-—yp polar modifier. The tertiary amino-
alcohol o—u polar modifier can be selected from one or more off NN-
dimethylethanolamine; 1-{(dimethvlamio)-2-propanol; 1-{dimethylamino}-2-butanol;
trans-2-(dimethyvlaminojeyelohexanol 2-piperidinogthanol; -pipenidino-2-propanol; I-
10 piperidino-2-butanol; trans-2-piperidinooyclohexan-1-ol; 1-pyrrolidinocthanol;
pyvreohidinylpropan-2-ol;  i-{l-pyrolidinyl}-2-butanol, 2-pyvrolidinoccyclohexanal; 4-
methyl-l-piperazinecthanol;,  -(4-methyl-1-piperazinyl}-2-propanol;  1-{(4-methyl-1-
piperazinyl}-2-butanch;  frans-2-{4-methyl-1-piperazinvi}-cyclobexanol;  I-methyl-2-
piperidinemethanol; T-methyl-2-pyrrolidinemethanol; dicthylaminoethanol, N-methyi-
15 dicthanolamine, and 3-dimethylamino-~1-propanol; 1,3-bis(dimethylanuno}-2-propanol;
2-412-dimethylaminojethyljmethylamine } -cthanol. The tertiary amino-ether-alcobol can
be Z-morpholinocthanol; 1-{(4-morpholinyf}-2-propancl; 1-{(4-morpholinyh)-2-butanol;
trans-2-morpholin-4-vleyclohexanol;  2-[2-(dimethylaminolethoxyiethanol;,  2-{2-
{dimethyvlamino)ethoxylethanol; 2-(2-{pipenidyhethoxy)ethanol; 2-[2-44-~
20 morpholinvllethoxylethanol,  2-[2-(1-pyrrohidinyvijethoxyiethancl;  2-[2-(4-methyl-1-
piperazinyljethoxylethanol. The cther-alcobol o—u polar modifier can be selected from
one or more of 2-methoxyethanol; T-methoxy-2-propanol; l-methoxy-2-butanol. frans-
Z-methoxyeyelohexanol; tetrahvdrofirfury! aleohol; 2-tetrahydropyranyl methanol, and

dicthylene glveol monomethy! cther.

N2
v

{0070] Generally speaking, catalyst activity for a given alcohol fimetional group of the
aminoalcohol ligand (f.e l-aminocthanol, {-amivo-2-propanol, |-avuvo-2-butanol,
trans-2-anino-cvelohexanol) can increase from piperidyl- to dimethyl- to pyrrolyl,-
while selectivity can generally decrease in that order. Surprisingly, LOXSH catalyst
formed from tertiary amino alcohols processive of secondary alechols {ie. I-amino-2-
30 propanol, l-amino-2-butanol, mams-2-amino-cyclohexanoly,  1-dimethvlamino-2-
propanc! notwithstanding, can be generally more selective towards formation of the 1,4~
CD microstructure. In contrast amino aleohols possessive of primary alcohols (2-

aminocthanols) can be very selective towards vinyl addition (1,2-BD and 1,2-IP with 3.4-
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iP). In general the piperidyl amino functional group can be more selective than the
dimethylamino. Accordingly selectivity toward the vinyl microstructure decreases and
selectivity for 1,4-CD wucrostructure can decrease in the order: 2-piperidinocthanol;

N N-dimethvlethanolaming;  1-{dunethylamino)-2-propanocl;  I-{dimethylanuno}-2-

hn

butanol; I-piperidino-2-propancl; T-piperidime-2-butanol {see Figure 13). Formation of
the LOXLiH catalyst with some portion of an ether alcchol generally accelerates the
process {the hydrogen mediated polymerization runs at lower teraperatures and/or
pressures) and yield catalvst compositions that generally favor vinyl addition even when
a tertiary amino-alcohol higand having a 2° alcohol functional group can be emploved.
10 Formation of LOXKH catalysts with some portion of an cther alcohol can however
impede catalyst activity and require increased temperature. Generally speaking catalyst
formed with some portion of the ligands as ether alcchols provide compositions that are
casier to acid wash forming less of an emulsion than those compositions formed using

LOXSH catalyst tormed exclusively from aminoalcohol(s) ligands. The same is true for

[
W

amino alcchols formed from piperidine as compared to dimethylamine or pyrroliding.
The addition of other polar modifiers (i type) such as TMEDA and THF can provide
some added selectivity towards vinyl addition bot generally retard catalyst activity
{require slightly higher temperatures and pressures). Potassiom based catalyst systems
are much more active {run at very low pressures and temperatures) and are gencrally less
20 sclective towards vinyl addition. This disclosure provides several avenoes to achieve
specific microstructures and molecular weight desired to produce lhguid HMPCD
compositions with tailor made viscosity and glass transition temperature as well as
specified molecular weight distnibutions.
{8071] An embodiment of this disclosure can be the anionic polymerization reagent
25 compositions formed for {1} an mitiation; and/or 2} hydrogen mediation LOXSH
catalyst; and/or 3) organic chaimn transfer LOXSH catalyst that can be selective for 1,4-
CI monomer microstracture enchainment. The 1.4 CD microstructare can be achieved
with the reagent that can be formed from 1) at least one tertiary amino alcchol o—u polar

modifiers having a 2° or a 3° alcohol functional group: 2} an organclithium compound,;

(2
foe]

and 3) optionally elemental hvdrogen and/or an organo silicon hydride. Said LOXSH
catalyst composition can be further characterized wherein the polar modifiers can be

selected from at least one of the structures:
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wherein R is independendly an organic group which may also be further substituted by
other tertiary amines or ethers, R' is independently a hyvdrogen atom or an organic group
which may also be further sabstituted by other tertiary amines or ethers, T can nclude:
1} O or NR for 1 TV, and V ; 1) and for VI, VI, and IX can include € or NR or CHa;
10 the index value n s independently a whole mumber equal to or greater than 0, the index
value x is independently a whole number equal to or greater than 1.
{0072] Preferced LOXSH catalyst composition of the present disclosure include catalyst
composttions wherein the oy polar modifier have a secondary aleohol functional
group and include one or more of I-dimethvlamino-2-propanol, I-piperidino-2-
15 propanol, l-pyrrolidinvipropan-Z-ol,  I-morpholino-Z-propanol,  1-{4-Methyl-1-
piperazinyl)-2-propanol,  I-dimethylamino-2-butanol  I-piperidino-2-butanol,  1-

pyrrolidinylbutan-2-0l, I-morpholino-2Z-butanol, -{(4-methvl-1-piperazinyl}-2-butancl,

2-dimethylaminocyclobexan-1-ol, 2-pipendinocyclohexan-1-0l, 2-
pyrolidinocyclohexanol, 2-{4-methyl-1-piperazinyl}-cyclohexanol, 2-

oo
o

morpholinocyelohexan- i -0l with optional addition of one or more of 2-methoxyethanol,
I-methoxypropan-2-0l,  l-methoxyvbutan-2-¢l,  2-methoxycvelohexan-1-ol, 13-
bis{(dimethylamino}-2-propanol.

{0073] If aralkyl orgamc cham transfer agents are applied, the organic charn transfer can

be designed to compete with hydrogen moediation using a LOXKH catalvst as reagents
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for aralkyvl organic cham transfer agents (e.g. toluene, xvlemes, ethvibenzene,
3 i g ; 3

propylbenzene, mesitylene and the like). Alternatively, a LOXLiH reagent can be used

as an organic chain transfer catalyst when the organic chain transfor agent is substituted

with a methyl group {c.g. one or more of toluene, o-, m-, p- xylenes, mesitylene, durene

hn

and the like) — under such conditions organic chain transfer can compete to some extent
with hydrogen mediation.

{0074] Another embodiment of this disclosure can be the anionic polymerization reagent
compositions formed for (1) an initiation: and/or 2} hydrogen mediation LOXSH
catalyst; and/or 3} organic chain transfor LOXSH catalyst that is selective for 3,4-CD
10 and/or 1,2-CD~vinyl monomer microstructure enchainment. This reagent can be formed
from: a) at least one tertiary amino alcohol o—u polar modifiers; b) at least one separate
cther-alcohol o—u polar modifiers; ¢} an organo hthium compound; and d) optionally
elemental hydrogen and/or an organo silicon hydride.

{0075] The LOXSH catalyst of this disclosure can be further characterized wherein the

15 o—u polar modifiers can be selected from at least two of the structures:

OH
R--5~R=OH HO=R%5—~R=0H R'Z“C('izf}]”CHz"Z“R
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[0076] Preferred LOXSH catalyst of this disclosure can be characterized wherein the
ot polar modifiers of the reagent comprises between about 50 moleY% to less than 100
mole % of a tertiary amino-alcohol o—t polar modifier and/or tertiary amino-gther-

alcohol o—p  polar modifier selected from one or more of I} NN-

5 dimethylethanolamine; 1-{dimethylamino)-2-propanol; 1-{dimethylamino}-2-butancl,
trans-2-{dimethylaminojoyclohexanol, 2-pipendinocthanol, -piperidine-2-propanol, 1-
piperidino-2-butanol, trans-2-piperidinocyclohexan- 1-0l, {-pyrrolidinoethanol,
pyrrolidinylpropan-2-cf, 1-(1-pyrolidinyl}-2-butanol, 2-pyrolidinocyclohexanol, 4-
methyl-1-piperazinecthanol,  I-{(4-methyl-1-piperazinyl}-2-propasol, 1-{(4-methyl-1-

10 piperazinyl}-2-butasvol, trans-2-(4-methyl-1-piperazinyi}-cyclobexanol, 2-

morpholmocthanol, [-(4-morpholinyl}-2-propanol 1-{d-morpholinyl}-2-butanol; trans-
2-morpholin-4-vicyclohexanol; I-methyl-2-piperidinemethanock; I-methyl-2-
pyrrolidinemethanol, dicthylaninoethanol, N-methyl-dicthanolamine, 3-dusethylanuno-
I-propanol, 1,3-bis{dimethylamino}-2-propanol, 2-{{2-
15 dimethylamino)ethvlimethvlamino}-ethanol, 2-{2-(dimethylaminojethoxylethanol;, 2-
(2-{(piperdylethoxyjethanok; 2-12-{4-morpholinyhethoxyjethanoi; 2-{2-(1-
pyrrolidinyllethoxylethanol; 2-[2-(4-methyl- L-piperazinyhethoxylethanol; and H.} from
about 50 mole% to greater than G mole% of an ether-alcobol o——u polar modifier
selected from one or more of 2-methoxyethanol; I-methoxy-2-propanct; l-methoxy-2-
20 butanol; trans-2-methoxyeyelohexanol; tetrahydrofurfury] alechol; 2-tetrabydropyranyl
methanol, and diethylene glyeol monomethyl ether.
{0877] Preforred embodiment of the LOXSH catalyst composition of this disclosure can
be further characierized wherein the ratio of total amino-alechol (AA) and or ammo-

¢ther-aleohol (AEA} to the total separate ecther-alcohol (EE) o—u polar modifier

N2
v

(JAAEAELEA) can be in the range of about 9:1 to 1.1 and preferably in the range of
about 4:1 to about 2: 1.

{8078] The hvdrogen mediated polv{conjugated diene) compositions of the disclosure
comprise a polymer of hydrogen and the conjugated diene monomer, without
incoproartion of cither an alkyl anion or solvent anion such as toluene that plagues the
30 cumrent products. Thus, another feature of this disclosure can be hydrogen mediated
anionic poly{conjugated diene} compositions {compnsing polvmers of hydrogen and
conjugated diene) that can be characterized as having: 1) number average molecular

weight distribution Ma n the range of about 500 to about 2600 Daltons; 2) a Brookficld
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viscosity (25°C) in the range of about 20 to about 200,000 ¢P; 3} 1,4-CD microstructure
content in the range of 20% to about 85%; and 4) glass transition temperature Ty in the
range of about -116°C to about -20°C,

[8079] Some hvdrogen mediated polyisoprene {HMPIP) distribution compositions can

hn

be those having a number average (Ms,) molecular weight in the range of from about 500
to about 2600 Daltons and having one of the following: 1) from about 73 wt.% to about
40 wi.% 1,4-IP contents with a Brookficld viscosity {{@) 25°C} that varies as a function
of Mi over the range of about 30 ¢P at about 500 Daltons to about 3000 P at about 2600
Daltons ; or 2} from about 40 wi.% to abowt 73 wi.% 1,4-IP conients content with a
10 Brookficld viscosity (@ 25°C) that varies as a function of Ma over the range of about
200 ¢P at about 500 Daltons to about 40,000 ¢P at about 2600 Daltons; or 3} from about
30 wt.%to about 54 wt.% 1,4-IP contents and a Brookfield viscosity (@ 25°C) that varies
as a function of Ma over the range of about 100 ¢ at about 300 Daltons to about 200,000

cP at about 2600 Daltons; wherein the 1,4-1P contents is determined by UHNMR analyses.

[
W

These HMPIP compositions can be further characterized as having glass transition
temperatures that varies as one of the following: 13 from about 73 wt. % to about 80 wt.%
1,4-1P contents having a Tg that varies as a function of Mi over the range of about ~112°C
at about 560 Daltons to about -50° at about 2600 Daltons ; or 2} from about 40 wt.% to
about 73 wt.% 1,4-IP contents having a Ty that varies as a fimction of My over the range
20 of about -#8°C at about 500 Daltons to about -33° at about 2600 Daltons ; or 3} from
about 30 wt.% to about 54 wt.% 1,4-IP having a T, that varics as a function of Ms over
the range of about ~-85°C at about 500 Daltons to about ~20° at about 2600 Daltons ;
wherein the 1,4-IP contents is determined by "HNMR analyses.

{008G] Some hydrogen mediated polvbutadiene (HMPBD) distribution compositions

[
L

can be those baving a number average (M} molecular weight in the range of from about
500 to about 2600 Daltons and having one of the following: 1} from about 74 wt.% to
about 84 wt.% total vinyl content with a Brookfield viscosity {@ 25°C) that varies as a
function of Ma over the range of about 45 ¢P at about 500 Daltons to about 30,0600 cP at
about 2600 Daltons; or 2} from about 55 wi.% to about 73 wt. % total vinyl content with
30 a Brookficld viscosity (@ 25°C) that varnies as a fumction of Ms over the range of about
50 ¢P at about 500 Daltons to about 8000 ¢P at about 2600 Daltons; or 3) from about 30
wi.% 1o about 54 wt.% total vinyl content and a Brookfield viscosity (@ 25°C) that varies
as a function of My, over the range of about 20 ¢P at about 500 Daltons to about 3000 ¢P

at about 2600 Daltons; wherein the total vinyl content is determined by C-13 NMR
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analyses. These compositions have glass transition temperatures in the range of from less
than -120° to about -45°C over the range of Ma = 500 to My = 2600 wherein the Ty
ncreases as a function of molecular weight as well as total vinyl comtent. Such
compositions also have ratios of vinyl-1,2-BD:VCP can be in the range of about 3:1 1o
about 15:1 (based on "HNMR analvsis).

{0081] Some distributions of this disclosure can be ligud HMPBD compositions of high
total vinyl content 1n the range of about 74 wt.% 1o about 82 wt. % (as determuned by C-
13 NMR analvses} which alse exhibit ugh vinyi-1,.2-BD to vinvieyclopentane (VCP)
ratios and can be inherently of high reactivity and of low viscosity wherein the: 1) number
average roolecular weight distribution (Mn) can be in the range of about 500 to about
2600 Daltons; 23 Brookfield viscosity (@ 25°C) can be m the range of about 50 to about
32,000 cP; 3} glass transition temperature Ty in the range of less of about -95°C to about
-45°(; and 4) molar ratio of vinyl-1,2-BD: VCP can be in the range of abowt 7:1 to about
15:1 (based on 'HNMR analvsis). The range of Tz data is derived from Figure 7 based
on exemplary embodiments of the disclosure. (In this connection see Fox and Loshack
J. Polymer Science 19588, 15,371 )

{0082] Some Liquid HMPBD distribution compositions can be hquid HMPBD
compositions of high vinyl content in the range of about 75 wit.% to about 82 wt.% (total
vinyl content as determined by C-13 NMR analyses) wherein the: 1} number average
molecular weight distribution (My} can be in the range of about 6350 to about 2200
Daltons; 2) Brookfield viscosity (@ 25°C) can be in the range of about 300 to about
11,000 ¢P; 3) glass transition temperature Ty in the range of about -84°C to about -50°C;
and 4} molar ratio of vinyl-1,2-BD VP can be inthe range of about 6.5:1 to about 14.5:1
(based on 'HNMR analysis).

[0083] Some liqud HMPBD distribution compositions can be ligmud HMPBD
compositions of intermediate vinyl content in the range of about 55 wt.% to about 70
wit. % (total vinyl condent as determined by C-13 NMR analyses) wherem the: 1) number
average molecular weight distribution (Mo} can be 1 the range of about 700 to about
1600 Daltons; 2) Brookfteld viscosity (@ 25°C) can be m the range of about 93 to about
2600 ¢P; 3) glass transition temperature Ty in the range of about -92°C {o about -75°C;
and 4) molar ratio of vinyl-1.2-BD:VCP can be in the range of about 4 .5:1 to about 12:1
{based on 'HINMR analysis).

{0084] Some polymer distribution compositions of this disclosure can be liqued HMPBD

compositions of reduced vinyl content in the range of about 3¢ wt.% to about 34 wt.%
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(total vinvl content as determined by C-13 NMR analyses) wherein the: [} nomber
average molecudar weight distribution (Ma} can be n the range of about 730 to about
1600 Daltons; 2) Brooktield viscosity (@ 25°C) can be mn the range of about 80 to about
1000 ¢P; 3) glass transition temperature Tg in the range of about ~186°C to about -70°C;
and 4} molar ratio of vinyl-1,2-BD: VTP can be in the range of about 3.3:1 to about 7:1
{based on 'HNMR analvsis}.

{0085] In “The Preparation, Modification and Applications of Nonfunctional Liguid
Polvbutadienes” (Luxton, A. R., Rubber Chem. & Tech., 1981, 54, 5391} in Table 11 of
that report, Luxton provides viscosity vs. Mn data for compositions having 43-30
microstructure percent of vinyl-1,2-BD with: a) 0% VCP; or by 15-20% VCP linkages
for liquid butadiene telomers formed with toluene as the cham transfer agent (cach and
every chain comprising at least one toluene monomer}. The VP free prior art BR
telomers having Mn of 900, 1300 and 2600 had Brookficld Viscosity {23°C) of 300, 700
and 8500 cP respectively. The prior art compositions having 15-20% VCP (vinvl-
12/VCP of 2.0 1o 3.33) are reported to have Ma of 1000 and of 1800 with Brookficld
Viscosity of 4,000 ¢P (@23°C) and of 45,000¢P (@33°C) respectively. Comparison of
those five prior art compositions of Luxton’s Table I, to Examples 30, 31, 63 and 64 of
this disclosure demonstrate the advantages and the advancement that the process
technology of this disclosare provides. Examples 30, 31, 63 and 64 have {Ex.-30) My =
1204, vinyi-1,2 % 34.9%, and YCP 5.1% (C-13 NMR); (Ex.-31) My = 881, vinyl-1.2 %
38.7%, and VCP 7.3% (C-13 NMR); (Ex -63) Ma = 1139, vinyi-1,2 9% 34 1%, and V(P
4. 7% (C~13 NMR); and (Ex.64) Ma = 1378, vinyl-1.2 % 34.1%, and VCP 3.3% (C-13
NMR} with Brookfield Viscosity (25°C) 0f 333, 133, 274 and 488 respectively. Similarly
comparison of the prior art compositions should be made to Examples 65 and 66 (Ex.-
65) Ma = 799, vinyl-1.2 % 26.7%. and VCP 7.8% (C-13 NMR): and (Ex.66) M, = 749,
vinyl-1,2 % 25.2%, and VCP 6.6% {C-13 NMR) with Brookfield Viscosity (25°C) of
84.1 and 81.9 respectively. Accordingly the present disclosure provides. among other
things, for the first-time liquid BR composttions of having a total vinyi-1.2-BD countent
{(vinyl-1,2 and VCP combined weight percent) of about 40 to 50% lower viscosity for a
given My value.

{0086] Aunocther sigmificant feature of this disclosure can be the seenungly subtle change
in the structure or organic framework of the ammo-alcohol and/or any ether-alcohol
Higand(s) used in fornung the LOXSH catalyst composition achieving a dramatic effect

on the selectivity as well as the activity of a particular LOXSH catalyst composition.
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Replacing a simple proton on the organic framework with an alkyl group {¢c.g. methyl,
ethyl, propvl, ete. group{s}} can change the selectivity from greater than 31% vinyl 1,2-
BD to as low as 32 wt% total vinyl 1,2-BD - and thereby change the reactivity, viscosity
and Ty of the resulting HMPBD composition.

{6087} Analviical methods:

{0088] Molecular weight determinations were made via gel permeation chromatography.
Examples 1-3, bydrogen mediated anionically randomly polymerized polystyrene co-
polvisoprene samples were analvzed using OligoPore columns and are based on P&
standards internally calibrated {see Application No. W02017176740A1 for detailed
description of method} using a refractive index detector. For Examples 4-81 molecular
weight distributions in terms of Ma, My, Me, and PP were obtained by GPC using a
Viscotek TDA modular system equipped with a RI detector, autosampler, pump, and
temperature~-controlied column compartment. The columns used were Agilent ResiPore
columns, 300 mm by 7.5 oun, part yumber 1113-6300. The solvent used was
tetrahydrofuran, HPLC grade. The test procedure used entailed dissolving approximately
0.06-0.1 g of sample in 10 mL of THF. An aliguot of this solution is filtered and 200ud
is mjected on the colunmns. Examples 4-25 molecular weight determinations were based
on polvisoprene standards having 50% 1,4-PI microstructure. Examples 26-81 molecular
wetght determinations were based on polybutadiene standards having 30% 1,4-BD
microstructure.  Microstructure  analyses  for  polybutadiene  microstructure
characterization was based on C13-NMR and '"HNMR peak assignments in accord with
the following reports: Matlengicwez, M., Kozak, R International Journal of Polvmer
Anal Charact. 2015, 20, 574, Fetters, L., Quack, G. Macromolecules, 1978, 11, 369.
Total vinyl wit% content is based on the cyelic structure comprising only
vinvicvelopentane and anses from two vinvl motifs (Fetters). Total vinyl content or
equavalents is additionally determined i accord with Luxton, A, R, Milner, R, and
Young, R.N. Polymer, 1985, 26, 11265, Polvbutadiene FT-IR microstructure analyses
was in accord with: Morero, D etal. Chem F Ind 1988, 4/ 758.; Shamba, A, ctal.
Analytical Sciences 2081, 17,11503.
EXAMPLES

{0089] The following Examples illustrate methods of in sif production of the LOXSH
catalyst as well as producing the hydrogen mediated conjugated polymer and co-polymer
distributions pursuant to this disclosure. These Examples are not intended to limit the

disclosure to only the procedures described therein.
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{0090] The apparatus used for this work 18 as follows: 316 stamless steel 2-liter Parr
autoclave having thermal couple, bottom drain valve, cooling coils, hot oil jacket, four
pitched blade turbine vnpellers with the first 4.07, the second 6.07, the third 87 and the
fourth 107 from the top of the reactor. The reactor was further equipped with a piston
pump, mtrogen purged 250 mi stainless charge vessel, a well calibrated high-pressore
metering pump and a 1/16th inch OD subsurface monomer feed line having cither a
0.007” 1D terounal section (as noted in the Examples and/or Tables below). The magnetic
drive on the agitator is connected to a high-speed air driven motor and generally operated
at a near constant 1000 RPMs (adjusting the air flow and pressure as needed as the
reaction nuxture viscosity changes}). Two one-liter gas cvlinders outfitted with a digital
pressure gauge {(readability of 0.01 PSIG) provide a wide spot in the Iine between the
reactor and the hydrogen gas sapply. Prior to the start of a ron the cylinders are pressured
to 435-450 PSIG hydrogen and then isolated from the hydrogen supply. Hydrogen is fed
via digital hydrogen mass flow mcter with a totalizer. For styrene polvmedzations
hvdrogen was fed subsurface through a 0.0077 LD, feed tip, for diene polvmerizations
hvdrogen was fed to the headspace.

{0091] The autoclave is vented to an oil bubbler and/or 1o a 6-liter 01l jacketed creased
wash vessel having a bottom drain and outfitted for overhead stirring and distillation.
The bottom drain valve and the dip-leg sampling port of the autoclave are both plumbed
to the wash vessel for direct transfer of the unguenched reaction mixture. Bulk solvent
{c g., cvelohexane (CH) or methylcyclohexane (MCH) or ethylbenzene (EB) or mixtures
thereof recovered from a previous run) 1s charged to the reactor via piston pump through
the charge vessel. The catalyst components {e.g., polar modifiers and n-butyHithium) are
charged separately after dilution with solvent to the reactor through the charging vessels
with the flow rate controlled with a fine metering Vernier handle needle valve. The
metering valve is coupled to the mnlet valve on the reactor’s dip-leg by means of a short
port comnect fitting and further connected to the charge vessel via an 8-inch length of
thick walled 1/8” PTFE tubing. The translucent tubing acts as a sight glass such that the
operator can monttor the transfer of the dissolved catalyst components to the reactor and
thereby ehminate the miroduction of nitrogen by closing a block valve once nitrogen is
seen in the line.

{8092] The contents of the charge vessel are pressure fransferred with a minimum of
nitrogen back-pressure to the autoclave having a hydrogen atmosphere. Monomer {or an

admixture of monomers) i1s fed at predetermined constant rates via high pressure
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metering pump through either or both of 1} a column containing 22 grams of activated
4A molecolar sieves; and/or 2) basic aluming column {1 0.57 0.D columms w/ 11.0 g to
145 g of 60-325 mesh ALO:); to remove water and to remove the inhibitor. The

autoclave reactor is heated with o1l having a temperature set pomt at or generally just

hn

around +1°C to £3°C of the desired reaction temperature (depending on the feed rate)
and the reaction temperature was tightly maintained at the predetermined set point once
the reactor controller lined out {generally no longer than the first 20 minutes of the
monomer feed). The reaction temperature might have brief excursion in temperature
gencrally no more than 5°C above the desired set-point temperatore.
10 [0893] Several acronyms for compounds classes: ) amino-alcohols (AA); 1D ether-
alcohols (EA) and I} amino-cther-alcohols (AEA), either used in these Examples or
could be vsed i processes analogous to these Examples are presented below:

AA-T. DMEA is an acronyin for N N-dimethylethanolamine (Synonym: N N-

Dimethyl-2-hvdroxyethyvlamine, N N-Dimethyvlaminocthanol DMAE) as the

[
W

neutral anunoalcohol. The usage herein i a chemical formula of [DMEA]
represents N N-dimethylethanolamine as an alkoxide having given up one proton
to a more basic species.

AA-2. DMAP is an acronym for [-{dimethylamino)-2-propanol (CAS 108-16-
7, syn (#-1<{N N-dimethylamino}-Z-propanol,  dimeprancl.  NN-

20 dimethylisopropanolamine.

AA-Z DMARB 1s an acronym for I-{dimethviamino}-2-butanol (CAS 3760-96-
Iy syn. I-{dimethylamino)butan-2-ol.

AA-4. DMACH is an acronvm for trans-2-(dimethylaminojcyclohexanol {CAS

20431-82-7y  syn. 2-dimethyvlaminocyelohexan-1-0f | Z-Dimethvlamino-

[
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cyclohexanol.

AA-S PipE and 2-Pip-cthavol are an acronyms for 2-piperidinoethanol {CAS
3040~44-6; synonvms 1-(2-hydroxyethy! pipenidine; 1-Piperidineethanol).
AA-6. Pip-2-propancl is an acronym for L-piperidino-2-propanol (CAS 934-90-
7; syn. a-methylpipendine-1-cthanol).
30 AA-T Pip-2-butanol is an acronym for l-pipendmo-2-butancl (CAS 3140-33-

8}, syn. I-(Pipendin-1-vDbutan-2-0l.
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AA-E. 2-Pip-cyclohexanol 1s an acronym for trans-2-piperidinocyelohexan-1-ol
{CAS 7581944, syn.  2-{pipendin-l-vijcyclohexan-1-0l;  trans-2-

piperidinyleyelohiexanol).

AA-G, 2-Pyr-gthanol is an acronym for T-pyrrohdinocthanol (CAS 2955-88-6;
5 N-(2-Hydroxyethyvlpyrrohidine;  1-Pyrrolidineethanol;  Epolanune;  1-(2-
hydroxyethylpyrrolidine).

AA-10.  Pyr-2Z-propanol is an acronvin for i-pyrrolidinvipropan-2-ol (CAS 42122-
41-8; I{pyrrolidin-t-yUpropan-2-ol; alpha-methylpyrrolidine-I-cthanol).

AA-11. 2-Pyr-Z-butanol is an acronym for 1-{1-pyrolidinyvi}-2-butanol {CAS

10 55307-73-8) syn 1-Pyrrolidineethanol, a-ethyl-.

AA-12. 2-Pvr-cyclohexanol i3 an acronvm for 2-pyrolidinocyelohexanol (CAS
14909-81-0; trans-2-pyrrolidinocyclohexancl trans-2-{pyrrolidin-1-
vicyclohexan-~t~ol; {(+/-)-trams-2-(pyrrokidin-1-yljcyclohexanol).

AA-13. 2-Piz~cthanol 1s an acronym for 4-methyl-I-piperazinecthanol (CAS

15 5464-12-0) syn. (1-{2-Hydroxyethyh-4-methvipiperazine; 2-(4-methylpiperazin-

I-yhethanol; 2-(4-Methyl-1-piperazinybethanol}.
AA-14.  4-Me-Piz-Z-propanol is a synosym for 1-(4-Methvl-i-piperazinvi}-2-
propanol (CAS 4223-94-3) syn. 1-{4-methvipiperazim-~1-yhpropan-2-ol

AA-15. 4-Me-Piz-2-butanol is a synonyvm for 1-{(4-Methyl-1-ptperazinyi}-2-

20 btanol (CAS 56323-03-6) syn 4-(4-methylpiperazin-1-yhbutan-1-o0l 1-{4-
Hydroxybutyl}-4-methvl-piperazine; 1-Piperazinebutanol, 4-methyi-; 4-(4-
methyl-1-piperazinyi}-1-butanol

AA-16. 2-{4-Mc-Pizl-cyclohexanol 15 an acronym for #rans-2-(4-methyl-1-

piperazinyi}-cyvelohexanol {CAS 100696-05-7, syn. frans-2-(d-methylpiperazin-
25 -yheyclohexanol, (+-}-franis-2-(4-methyvi-piperazino}-cyclohexanot).
AA-17. MorE is an acronvia for 2-morpholinocthanct (CAS 622-40-2); syn. 4-(2-
hydroxvethyDimorpholing; 2-{morpholin-4-yliethanol; 2-(4-Morpholinyljethanol.
AA-18.  Mor-2-Propanol 15 an acronym for I-{(4-Morpholinyl}-2-propanocl (CAS
2109-66-2) syn. N~(2-Hydroxyvpropymorpholine; I-(morpholin-4-yljpropan-2-
30 ol; Z-morpholinoethanol,a -methyl-.
AA-19.  Mor-2-butanol is an acronvm for 1-{4-Morpholinyl}-2-butanol (CAS

3140-35-03) ayn. I-{morpholin-4-vl}butan-2-ol; 2-morpholincethanol, a-ethyl-.
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AA-20.  2-Mor-cyclohexanol  is  an  acronym  for  frams-Z-morpholin-4-
vieyclohexanol (CAS 14909-79-6) syn. 2-(4-Morpholmyleyciohexanol, 2-
morpholin-4-ylcyciohexanol

AA-21. N-Me-Pip-2-MeOH s an acronym for Ne-methylpiperidine-2-methanol

hn

(CAS  20845-34-5, [-Methyl-2-pipertdinemethanol;  (L-methylpiperidin-2-
vimethanol, T-methylpiperidine-2-methanol}.

AA-22. N-Me-Pry-2-MeUH 1s an acronym for the chiral and/or the racemic
molecule (I-Methyl-Z-pyrrolidinyvlimethanot {CAS 30727-24-3; 34381-71-0);
syn. N-methylprolinol); -Methyl-Z-pyrrolidinemethanol.

10 EA-1. McOE ts an acronym for Z-methoxyethanol as the neutral ether-alcobol.
The usage herein in a chemical formula of [MeOE] represents 2-methoxyethanol
as an alkoxide having given up one proton t0 a more basic specics.

EA-Z. 1-MeO-2-Propanol is an acronyi for [-methoxy-2-propanol (CAS 107-

98-2y  syn.  I-Mothoxy-2-hydroxypropane;  Methoxyisopropanal;, |-~

[
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methoxvpropan-2-ol; Dowanol® PM.

EA-3. 1-Me(3-2-Butanol s an acronym for 1-methoxy-2-butanol {CAS 53778~
73-7) syn. 1-Methoxybutan-2-ol.

EA-4. 2-MeQO-~cyelohexanol is an acronym for frans-2-Methoxyevelohexanol
(CAS 1343108-68-2).

20 EA-3. THFA 18 an acronym for fetrahydrofurfuryl alcohol (CAS 97-99-4; syn.
{ Tetrahydrofuran-2-vimethanol; Tetrahydro-2-furanmethanol, THFA).

AEA-1. DMAEQE is an acronym for 2-NN-dimethylaminoethoxyethanol
(N{CH:z 2CHoCH2 O-CH2CHOH) as the neotral amingo ether-alcohol. The usage
herein o a  chemical formula of [DMAEQE}]  ropresents  NN-

[
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dimethyvlammocthoxyethanol as an alkoxide having given up one proton to a
more basic species.
{00%94] The polar modifiers vtilized in forming the catalysi(s) of an Example are
designated in the data tables as: B} AA-#; I EA-#; or TIl} AEA-#. Accordingly if a Table
identifies AA-S as the AA or polar modifier then that indicates that 2-pipenidinoethanol
30 was osed in the Example. Likewise if a Table indicates the use of AA-1 and EA-3, then
the catalyst of that Example comprises NAN-dimethylethanolamine and

tetrahydrofurfuryl alcohol. Additional polar modifiers {(u — type} vitdized in forming the

A
[
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catalvst are designated as THF (tetrashyvdrofuran) and as TMEDA (MNNN'-
tetramethylethylenediame).

{0095] General Procedure Followed n Foroung Catalvst

[8096] Application No. WO2017176740A1 provides many procedures in which the

hn

catalyst useful in the practice of this disclosure can be prepared. The general procedare
{with some run-to-mn variation as is indicated) followed in this Report is described
below:

{60971 Forming a standard HMAPS [DMEADRLH Catalvst:

{0098] Anhydrous cyclohexane, 225 ml of 370 ml total, was charged to the reactor at

19 37.7°C under a dry hydrogen (22 PSIG Ho) atmosphere. To the stirred solvent (= 750
RPM) was charged through the charge vessel via positive nitrogen pressure, a solution
previously formed from 3.908 g (0.0438 mol.} N N-dimethylethanolamine and 35 g of
cycichexane further combined with 30 ml of the anhvdrous solvent from the total above.

Next, 33.19 mi (0.0664 mole) 2.0 M z-butylithium dissolved in 23 g of anhvdrous

[
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cthylbenzene and 57 g of anhydrous cyclohexane was transferred to the charge vessel
and further combined with 50 ml of the anhydrous solvent from the total above. This
alkvl lithinm solution was then pressure transferred over a period of 9 to 15 nunutes to
the stirred (=750 RPM) reaction mixture under hydrogen. After 3 minutes of the transfer
the temperature had risen to 38.4°C and the pressure to 23 PSIG; afier 6 minutes of the
20 transfor the temperature had raised to 42.0°C and the pressure to 25 PSIG. At that point
agitation was increased to 1040 RPM; and the transfer was complete in 9 minutes. Atthe
end of the transfer the reactor temperature was 40.8°C and the pressure had dropped to
22 PSIG. At the end of the organolithiom charge the transfer line was flushed with 45 ml

of anhydrous solvent from the total above. The reactor was then pressured to 30 to 60

[
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PSIG byvdrogen and heated to the desired temperature (68-75°C tvpically) and held at
that temperature for 100-120 mmutes at a pressure of (65-80 PSIG). At the start of the
feed the reactor is first vented to 7-15 PSIG prior to feeding monomer.

{0099] Hvdrogen Mediated Co-polvmenizations_and _Polvmerization with_standard
HMAPS Catalyst

30 [0188] Examples 1-4 with results reported in Table H.

{0161] In these Examples it was found that hydrogen mediated anionic polymerization
of 1soprene as well as co-polymenization of isoprene with styrene can be accomplished
using the standard preferred HMAPS catalyst [DMEA LLisH: formed from 4 equivalents

BMEA, 6 equivalents w-butyllithium and two equivalents of clemental hydrogen.

53
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However, the polvmerization reaction is hampered by a relatively slow rate of initiation
and of propagation relative to a fast rate of hydrogen mediation or chain transfer.

{0102} Competition Examples which entail the hydrogen mediated co-polymerization of
styrene with i1soprene were very revealing. First, at low isoprene loadings 20 mole %
isoprene and &0 mole % styrene, essentially all the isoprene is incorporated into the
hydrogen mediated co-polymer which is produced in a total mass vield of 93.0% {mass
of polymer/mass of monomer charged}. The resulting hydrogen mediated polystyrene
co-polvisoprene compostiion is comprised of 23.8% 1soprene repeating units 91% having
the cis-1,4-1P mucrostructure relative to all PIP microstructural uniis. The increased
molar content — 23.8% vs. 20.0% charged — of isoprene in the polvmer reflects the
amount of styrene that 1s converted to ethylbenzene and not incorporated in the co-
polvmer during the hyvdrogen mediated process. Second, at high soprene loadings 80
mole % tsoprene and 20 mole % styrene, styrene reacts into the polymer chains at a faster
rate than isoprene indicating that isoprene is: a} slower to undergo intitation by the
LOXLiH catalyst; and/or b) slower to homopolymernze; and/or ¢} faster to undergo
reduction by hydrogen; than styrene. Under this set of conditions a hydrogen mediated
amionic polystyrene co-polyisoprene composition was obtained in 83% yield having an
isoprenc content of 76.5 mole %. The resulting composition having 41% 14-IP
aricrostructure relative to all PIP mucrostructural units. Third at very high isoprene
loadings 87 mole % isoprenc and 13 mole % total styrene, foeding half of the styrene as
an admixture with isoprene and feeding the other half afterwards increases isoprene
mcorporation into the co~polvmer. Under this set of conditions a 90% vield of a hydrogen
mediated polystyrene co-polyisoprene composition comprising 86.8 mole % isoprene
monomer units was formed. The resulting copolymer composition having 35.22% 1.4~
P pucrostructure  relative to all PIP  mucrostructoral  uwnits.  Awnd  Fourth,
homopolymerization of isoprene ander a constant hyvdrogen atmosphere under essentially
batch conditions requires a minimum temperature of about 57°C but can mun at a
reasonably fast rate at temperatures above 635°C (no controlied hydrogen co-feed). Under
such conditions wherein the reaction atmosphere is not controlied {pressures from 37 to
60 PSIG during the run and from 60 down to 3 PSIG at the completion} a relatively low
molecular weight HMPIP composition {Ms = 826} is obtained in 82.4% yicld. The
resulting homo-polymer composition having 35.42% 1,4-IP microstructure relative to all

PIP microstructural units.
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{0103] Example I: Representative of a LOXLaH Catalvzed Hydrogen Mediated Anionic
Chain Transfer Styrene Isoprene Copolvmerization Employving a well-Controlled
Limting Hydrogen Co-feed.

[8184] The procedure for forming the [PMEADRLUH presented above was followed
except that the catalvst was formed from: 4.008 g (0.0455 mole)} DMEA; and 34.17 ml
{26.330 g, 0.0683 mole} 2 M n-butyllithium. At the end of the catalyst forming step the
Hz pressure was increased from 23 PSIG to 60 PSHG (39.6°C in the reactor) and the oil
1acket temperature was set to 78°C controlling at 80°C. The catalyst was aged at 71°C
and 80 PSIG for 120 munutes before venting to 10 PSIG. The hyvdrogen feed rate was set
10 250 SCCM and the totalizer was set to 17489 5 standard em?® (250 standard cro®/minute
* 59 minutes for a I-hour monomer feed with a 10-minute fhush of the monomer fee
line}. The styrene-isoprens monomer feed (formed from 416 g, 4.0 mole styrene and 68.1
g, 1.0 mole isoprene} was initiated, focding 484 g (5.0 mole) of monomer at a rate of 8.68
g/mmute. Thus, the molar feed ratio of monomer to hydrogen = §.11. Monomer was fod
through a subsurface feed line (0.0077 LD up, 1030 fi/s) against the imuial hydrogen
head pressure indtially of 12 PSIG for the first 5 minutes with a pressure increase to 13
PSIG over next 15-minute period — at 10 nunutes the valve from the hydrogen mass flow
meter to the reactor was opened. The liguid volume of the feed hine including the void
volumes of the molecular sieve and alomina bed s about 23 4 ml. The reactor pressure
lined out at 1 PSIG after 50 minutes of feeding.

{0105] At the end of the monomer feed, the monomer feed line to the reactor, including
the drving columns, were flushed with 30 ml of anhydrous cthylbenzene n 10 ml
increments. At the end of the flush, the monomer feed hine to the reactor, including the
drying columns, were flushed with a second 30 ml of anhydrous cthylbenzene. The
monomer feed and flush to the reactor was deemed complete when no firther heat of
reaction was observed generally signified by the permanent closing of the astomated
control valve on the cooling coils. The unquenched polymerization reaction mixture was
transferred with positive Hz pressure to the wash vessel previcusly heated (N
atmosphere} and previously charged with 500 mi of deoxygenated water.

{0106] Standard Work-up and Prodact Isolation

{0107] The two-phase product mixture was heated to 65°C in the wash reactor for at feast
20 mimites with sufficient mixing to assure good washing of the organic phase by the
aqueous and then the phases were separated. Phase cuts were easily made at 65°C and

were rapid requiring little setthing time. Water and any rag or emulsion was removed

Ay
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through the bottom dram valve. The reaction mixture 1s washed twice more: 1} 500 ml
dilute sulfuric acid and 2} 500 ml dilwte sodiam bicarbonate. The neutralized washed
product mixture was stripped in the wash reactor of cyclobexane and ethylbenzene by

normal distillation while gradually heating the wash reactor’s jacket temperature to

hn

135°C. The distilation was deemed complete when the pot temperature reached a
temperature above 135°C. The solution was allowed to cool before collecting the entire
organic phase. The solution was then further stripped of cthylbenzene with the use of a
wiped film evaporator {WFE, 27 glass Pope Still, operated at 5¢.0 mmHg vacuum,
142°C, wiper speed 65% of fill rate, feeding at 1.0 liters/ hr). This WFE operation

10 produced 430 g 93% mass vield of a hvdrogen mediated anionic copolymer foomed from
styrene and isoprene. Said copolymer having Ma: 853, Mw: 1403, M. 2071, PD: 1,645,
o = 685, oo = 2.045 vs. HMAPS oligomer standards (refractive index detector). Further
anaivtical details in terms of microstractare and composition are provided in the Table [
below.

15 [0108] Examples 5-16, Tables HI-IV: These Examples entail the application of DMEA
and of 2-Pip-ethanol based LOXLiH catalysts and of MeQOE or of THFA modified
LOXLiH catalysts to the hydrogen mediated anionic polymernization of isoprene.

{8109] The process conditions and the physical properties of the resulting hydrogen
mediated polvisoprene compositions are reported in Tables -V, Table I provides the

20 process data. Tables TV provides vield and physical property data. All Examples i these

Tables except Example 16 utilized a LOXLiH catalyst wherein the total amount of PM

was about 0.0588 moles and the ratio of Li | PM was aboutl 5. Example 16 utilized one

third less catalvst {0.0393 mole total PM} with the same 1.5 molar ratio of Li to 5——p

P

polar modifier. Examples 15 utilized a 5 ml/mm feed rate (= 60-nunute monomer feed)

N2
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of isoprene wherein the balance of the Examples utifized a 10 mi/min feed rate (= 30-
minute monomer feed). In cach of the Examples, isoprene was mitially fod at a
temperature deemed to be below the minimuam to achieve an efficient rate of hydrogen
mediated anionic polymerization. In general, duning the first 13 to 20 mimutes of feed,
the reactor was gradually warmed votil strong evidence was observed that all of the three
30 desired chenucal processes (7.e. polymer chain mnitiation, polvmer chain propagation and
hvdrogen chain transfer) were underway. Such evidence inchides a reduction in reactor
pressure due {0 consumption of monomer and hydrogen as well ag an exothermic reaction

causing the reaction temperature to increase 1o or above the reactor’s oil jacket
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temperature. This approximated munimum reaction femperature 18 recorded in Table H.
All of the runs were conducted n a reaction mediom comprising 74-78 wit%
ethyibenzene. Examples 5-10 utilized fresh cyvclohexane and fresh ethylbenzene in
forming the reaction mixtures.

{0110] Examples 11-16 utilized recyeled solvent comprising EB (96-98 wt.%}; CH (0-
2.7 wt. %) and polyisoprene oligomers {mostly trimers, 2.2-2.7 wt %) as well as fresh
cyclohexane. Lower EB concentrations {aromatics are deemed to have an accelerating
effect on the process) can be used but it was desired for this first series of Examples to
keep the amount of cyclohexane in the vapor space to a mimmum. The immediately
following discussion is lumited to the process conditions and product vield. The
surprising relationship of product composition and physical properties of the resulting
HMPIP and HMPBD product distribptions to the LOXSH catalvsts compositions 1s
presented above and in Figure 13

{0111] Exanoples 6, 10 and 16 involve the application of LOXLiH catalvsts formed from
- polar modifier: 1} DMEA: 2} 2-Pip-ethanol; or 3) DMEA (75 mole%;) w/ 2-Pip-
ethanol {25 mole%) respectively. These three runs as well as Example 4 serve as basehne
Examples to which all other subsequent Examples should be compared. In terms of the
process chemistry as well as the product HMPIP microstructure there is little differences
observed. Accordmmgly, the processes are characterized by sluggish reactions, long
reaction times which provide generally (Examples 4, 6 and 10) redaced yields though the
process conditions — especially reaction temperature and hydrogen relative foed rate
throughout the course of the process — have not been at all optimuzed. ¥t was clear from
these three Examples that 100% conversion of isoprene required as much as 3 to 4 hours
and it was likely that as the isoprenc monomer concentration dropped much of the
isoprene was simply being converted to very volatile dimers and trimers and/or
hvdrogenated to form reduced monomer. In Example 15 a longer feed time (foeding at
half the rate 5 ml/min. vs. 10 ml/min.) improved the HMPIP vield from as low as 80%
to as high as 89%. It is pointed out that the process that utilized the standard LOXULiH
catalyst formed from DMEA (AA-1) would run efficiendly at a nunteum temperature of
61.5°C. In contrast the process that utilized a catalyst formed from 2-Pip-cthanol (AA-
5) requuared at least 69.5°C to run efficiently. The process that utilized catalyst(s) formed
from a mixture of DMEA and 2-Pip-cthanol required at least 64.5°C to run efficiently in

the process equipment emploved. As a whole, 2-Pip-cthanol provides a catalvst that
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requires higher temperatures and longer reaction times to produce a high yield of HMPIP
as compared to catalysts formed from DMEA. As will be discussed in more detail further
below 2-Pip-cthanol has a slight bias over DMEA m forming catalyst that favor

formation of the 1.4-1P microstructure. In contrast DMEA has a slight bias over 2-Pip-

hn

cthanol in forming the vinyl-1,2 IP microstracture. As will be scen these biases are
further cvhanced by altering the LOXLiH catalyst with cther-alcobol o—yu polar
modifier.
{0112] A kev obscrvation from these Examples was that conversion of isoprene to
polvmer after the feed or after about 80% conversion, further conversion became very
16 slow while hvdrogen uptake remained relatively steady and fast. Based on this
observation it was decided that it would be beneficial to stop feeding hydrogen towards
the end of the run to retard the rate of reduction of monomer and thereby increase the
amount of monomer converted to polymer,
{0113] Examples §, 7-9, 11-14 and 16 cntail the application of o—u polar modifier
15 cther-alcobol ligand altered or modified LOXLiH catalyst. The intent of the application
of these altered catalysts was to atteouate the ability of the resulting LOXLiH catalyst{s}
to provide for hydrogen chain transfer and thereby allow polymer chain initiation and
polymer chain propagation to compete with monomer redaction more successfully.
However, it was surprisingly and inadvertently discovered that the incorporation of an
20 ether-alechol (EA) o—p polar modifier (eg. MeOE, THFA and by extension
tetrahydropyranyl-Z-methanol  THP-2-MeQOH, cthvlene glveol monomethyl ether)
greatly enhanced the rates of both polymer chain initiation and of polymer chain
propagation. The preferential rate enhancements were so efficient that total

polvmerization reaction times could be reduced from the range of about 180 vunuies 1o

25 about 240 munutes down to range of about 125 minutes to as low as about 75 minutes
while producing HMPIP product distributions in 87% to 94% vield.
{0114] Examples 5 and 9 entail the use of 5.741 g (0.0444 mole) of 2-Pip-cthanol with:
{a) 1.560 g (0.0153 mole) THFA; or (b) 1.119 (0.0147 mole) MeOE for a total portion
of polar modifier as $.059 moles having a Li to PM ratio of 1.5 to 1.0, The LOXLIH
30 catalysts thus formed contained about 75 mole% 2-Pip-cthanol as o—u polar modifier

and were uvtilized in hydrogen mediated anionic isoprene polymerizations that ran well
at 61.5°C and 64.3°C. For comparison, Example 10 which was formed from 0.059 moles

of 2-Pip-cthanol, this resulted in a process that required 69.5°C to run efficiently. All
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three Examples produced HMPIP compositions having very similar molecular weight
distributions and yields. It should be noted that all three of the processes could have
bencfited from longer reaction times and/or a reduced or climinated hydrogen foed during
the last Y2 to ¥ of the reaction time to improve the vields. All three of these runs
employing some portion of 2-Pip-cthano! a o polar modifier exhibited an cxotherm
at the end of the run when pressared from the ending pressure of 2 to 0 PSEG to 27 PSIG
hydrogen. The exotherm was accompanied by a relatively rapid drop in pressure over the
next 5 to 15 minutes as monomer was apparently reduced withowt incorporation into the
polvmer distribution.

{0115] Examples 7, &, 11-14 and 16 eotail the use of DMEA as a o—u polar modifier
along with some portion of MeQE. Comparnison of these Examples can be made to
Example 6 wherein the standard LOXLiH catalyst for HMAPS was formed from 0.0588
moles of DMEA, 0.0883 moles of n-butylhithiom and 0.0294 moles of hydrogen. The
amount of DMEA in the altered LOXLiH catalyst was varied from 80% to 65%. These
altered catalysts all ran very efficiently at 61.3°C, so well that higher than expected
molecular weight distributions were formed mn vields of 89% to 94%. Reaction times
were reduced from 165 min in Example 6 to 125 min. for Example 11to as short as 75
min. for Example 13. Beginning with Example 11 a stropg indication of a reaction
endpoint was observed when at the end instead of a constant feed of hydrogen and
production of a heat of reaction, an ncrease in pressure was observed which coincided
with a more apparent drop in heat formation — much more like an HMAPS process
wherein the rates of initiation, propagation and chain transfer are more balanced. The
comparisons of 1} Example 8 with Example 11; 61} Example 13 with Example 14; and
i11) Example 12 with Example 16 are all noteworthy. For Examples 8 and 11 the catalyst
was formed from 75% DMEA and 25% MeOE, all the reaction conditions were
essentiallv identical except for the relative co-feed of hydrogen (30 vs. 40 SCCM
respectively) and the total amount of hvdrogen fed (2081 vs. 3870 std. cm® respectively).

Both Examples 8 and 11 produced HMPIP compositions in 90% yield but of different

was formed from 65% DMEA and 35% McQOE, all the reaction condifions were
essentially 1dentical except for the relative co-feed of hydrogen (50 vs. 60 SCCM
respectivelyvy and the total amount of hydrogen fed (3084 vs. 4047 std. om® respectively).

Both Examples 13 and 14 produced HMPIP compositions 1n about 93% yield but of

42



WO 2022/051376 PCT/US2021/048684

different My (Mo = 1761 vs. Ma = 1370 respectively). Lastly, comparison of Examples
12 and 16 demonstrates the robustness of the process. In Example 12 isoprene was fed at
the normal rate of 10.0 md/min (normal for this series of runs and for the experimental
set up employed} to a reaction medium comprnising an altered LOXLiH catalyst formed

from 70% DMEA and 30% MeOE (0.0587 moles of PM, 0.08805 moles Li, 0.02935
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moles hydride) at a reaction temperature of 61.5°C. In contrast, for Example 16 isoprene
was fed at the Y% the nvommal rate, utdizing a 5.0 ml/min. monomer foed to a reaction
medium comprising 2/3 the normal amount of LOXLiH catalyst which was formed from
70% DMEA and 30% MeOE ¢0.0391 moles of PM, 0.0587 moles Li, 0.0196 moles
10 hydnde) at a reaction temperature of 64.7°C. Example 12 provided an HMPIP
composition having an My of 1421 Daltons in a 9196 vield and Example 16 provided an
HMPIP composition having an My of 1179 Daltons. In both Examples a hyvdrogen feed
rate of 30 SCCM was utilized during the course of the run. For Example 12 the total

hyvdrogen charged (inttial charge and fed) was 3350 std. cnt®, for Example 16 the total

[
W

hvdrogen charged was 4789 std. cm® (both Examples ended with a 10 PSIG hydrogen
pressure}.

{0116] Exanple 13: Representative of a Mixed LOXLiH Catalyzed Hydrogen Mediated
Anionic Chain Transfer Isoprene Polymenzation Employing a Hydrogen Co-~feed.
{8117} The procedure for forming the [DMEALLGH presented above was followed to
20 form the catalyst composition(s) having the stoichiometry of [DMEAL[MeOE:LigH:
cxcept that the catalyst was formed at 19-24°C and fronu 3.397 g (0.6381 mole) DMEA
and 1.561 g (0.02052 mole) 2-Methoxylethano! (MeQOE); and 44.51 mi (34.559 g, 0.0890
mole) 2 M n-butvilithium. At the end of the catalyst formung step the Ho pressare was

increased from 21 PSIG to 46 PSIG (23.7°C in the reactor) and the oil jacket temperature

[
L

was set to 78°C controlling at 80°C. The catalyst was aged at 72.9°C and 61 PSIG for 90
minwtes before cooling to 36°C and then venting to O PSHG. The reactor was then
recharged with 1200 standard cm® of Hydrogen (350 SCCM} to a pressure of 16 PSIG.
The hydrogen foed rate was set to 30 SCCM and the totalizer was set to a value much
greater than would be fed such that the Hz feed would not be interrupted, The isoprene-
30 feed 186 g, (2.73 mole) was iniiated, feeding at a rate of 5.00 ml/min through a
subsurface feed line (0.0077 LD tip) against the initial hydrogen head pressure at first at
16 PSIG for the imtial 13 mimstes. The pressure increased to 19 PSIG while the
temperature increased from 57.8°C to 61.1°C dwring that first 15-minute period. At the

15 numutes feed time the valve from the hydrogen mass flow meter to the reactor was

43



WO 2022/051376 PCT/US2021/048684

opened causing the pressure to build to 21 PSIG mamtaining that pressure unti the end
of the monomer feed at 30 minutes. At the end of the monomer feed, the monomer feed
line to the reactor, mcluding the drying columns, were flushed with 50 mi of anhydrous

cthylbenzene i 10 mi consecutive aliquots. At the end of the flush, the monomer fee

hn

line to the reactor, including the drving columns, were flushed with a second 530 mi of
anhydrous ethylbenzene. During the course of the monomer feedline flush hydroge
feeding was continued. During this period and for somie time after the pressure gradually
dropped from 21 PSIG to 15 PSIG and the temperature mamntained a steady 61.7°C to
62.0°C. After 65 munutes from the start of the feed the temperature finally began to drop
10 (60.9°C) and the pressure began to increase. At 75.0 nunutes the temperature reached
60.1°C and the pressure had built to 17 PSIG and the reaction was deemed complete.
{6118] The anquenched polymerization reaction mixture was transferred with positive
Ho pressure to the wash vessel previously heated (N2 atmosphere} and previously charged

with 500 ml of deoxygenated water.

f—
W

[0119] Afterthe standard work-up and solvent strip the solution was then further stripped
of cthylbenzene with the use of a wiped film evaporator (WFE, 27 glass Pope Sull,
operated at 50.0 moHg vacuum, 142°C, wiper speed 63% of full rate, feeding at 1.0
fiters/ hr). This WFE operation produced 1745 g 93.8% vield of a liquid hydrogen
mediated anionic polyisoprene composition. Said liguid HMPIP composition distribution

having Ma 1761, My 3930, Mz 6460, PD»: 2.087, on = 1428, sz = 2.580 (refractive

N
<O

index detector). Further analviical details in torms of microstructure and composition are
provided in the Table IV below.
{81 20] Examples 17-21, Table V: In thus series of 5 Examples the bases of a structure

activity relationship for the 5—p polar madifier of the LOXLiH, moreover any LOXSH,

N2
W

catalyst has been made. These five new polar modifiers feature steric crowding arcund
the alcohol of the ligand. Four of the ligands are secondary alcobols. All five of these
ligands much like 2-Pip-ethanol above required higher temperatures and longer reaction
times to conduct an efficient process. The four ligands having secondary alcohols
generally resulted in reduced yields {77-89%j). Of the five ligands only N-methyi-Pip-2-
30 methanol {AA-21) was purchased (used as reccived), the other four ligands were
prepared in house (>99% purity) by reacting a 10% solution of the cyclic amine with the
corresponding epoxide {cyclohexens oxide or propylene oxide) in water with about 10-

30 wt.% THF at 25-35°C. The purchased ligand when dissolved in bvdrocarbon solvent

a4
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left insoluble material {apparently wet) on the walls of the flask. Thus a 10% excess of
n-butyllithium (over the standard relative charge} was used in forming the catalyst.
(Example 19},

[8121] Examples 17-18 entail the polymerization of 500 ml of isoprene whercas only
250 ml was polvmerized in Examples 20 and 21; all rans utilized a 5.0 ml/min feed rate.
{6122] Example 17: Representative of an amino-cvelohexanol based LOXLiH Catalyst
Preparation with Subscquent Hydrogen Mediated Anionic Chain Transfer Isoprene
Polymerization Employving a well-Controlled Constant Hydrogen Co-feed.

{0123] The procedure for forming the [DMEARLsH presented above was followed to
form the catalyst composition(s) having the stoichuometry of [PCALLiIzH (wherein the
PCA 15 2-(2-pipendino}-cvelohexanol, 2-Pip-cyclohexanol). Thus, the catalyst was
formed from: 10.770 g {0.0588 mole) 2-Pip-cvclohexanol; and 44.07 ml (34219 ¢,
0.0881 mole) 2 M n-butyliithium. At the end of the nitial catalyst forming step the He
pressure did not decrease but had increased to 28 PSIG while the temperature increased
from 28.9°C 10 31.57°C {15 nunutes since starting the butyllithium charge). The pressure
was increased to 40 PSIG with a temperature of 36.6°C, within 6 minutes the pressure
dropped to 37 PSIG while the temperature only dropped to 30.2°C giving the first
indication of lithium hydnde formation. The reaction mixture was gradually heated to
40.2 °C with pressure gradually returning to 39 PSIG. The Ha pressure was inereased to
39 PSIG and the oif jacket temperaturs was setto 78°C controlling at 80°C. At 52 minutes
afier the first amount of s-butyllithium was charged the temperature had reached 71.1°C
with a pressure of 68 PSIG.

{0124] The catalyst was aged at 72.9°C and 68 PSIG for 40 more mimustes before cooling
to 61.7°C and then venting to 0 PSIG. The reactor was then recharged with 900 standard
cm® of Hyvdrogen (350 SCCM) to a pressure of 12 PSIG. The hyvdrogen feed rate was set
to 37.5 SCCM and the totalizer was set to 8 value muuch greater than would be fed sach
that the Ha foed would not be mtermipted. The isoprenc-feed 350 g, (5.14 mole) was
mitiated, feeding at a rate of 5.00 ml/mn through a subsurface feed line (0.0077 LD up)
against the iutial hydrogen head pressure mmitially of 12 PSIG for the first 20 minutes.
The pressure increased to 14 PSIG while the temperature increased from 61.7°C to
62.9°C during that first 20-mimste period. At that 20 minutes feed time, the valve from
the hvdrogen mass flow meter to the reactor was opened causing the pressure to build to
20 PSIG over the next 23 munutes (45 minutes of feeding}. During that time the

termperature was increased from 62.9°C to 70.4°C by increasing the oif jacket
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ternperature from 65°t0 75°C. After 50 minutes of feeding 1t was finally readily apparent
that hydrogen and isoprenc consumption had reached a point wherein, they were
consumed at rates faster than they were being fed — the reactor pressure dropped to 18

PSIG and the temperature held finn at 70.8°C. The reaction temperature was then

hn

controlled at 70.7°C to 72.6°C with 72 3°C silicone oil on the reactor jacket. The feed
was complete after 120 mimutes of feeding during the last 75 nunutes of feeding the
pressure had lined out at 11 PSIG and the temperature at 72.3°C. The hvdrogen feed was
continued witil the reactor pressure had dropped to T PSIG (210 min ) — a total of 7950
standard cm® of hydrogen (nclading the 900-standard om® imtial charge)} had been fed.
10 The reactor was charged with hydrogen to a pressure of 28 PSIG which caused a mild
exotherm (1/10" of a degree ) as the pressure dropped to 12 PSIG over the next 5
minetes. The reactor was again charged with hydrogen this time to 30 PSIG and requured
20 minutes to reach a steady pressure of -2 PSIG.

{00125] The unquenched polymerization reaction mixture was transferred with positive

[
W

Hz pressure to the wash vessel previously heated (N2 atmosphere) and previously charged
with 300 mi of deoxygenated water.

{0126] After the standard work-up and solvent strip the solution was then further stripped
of ethylbenzene with the use of a wiped film evaporator (WFE, 27 glass Pope Still,
operated at 50.0 mmHg vacuum, 142°C, wiper speed 65% of full rate, feeding at 1.0
20 liters/ hry. This WFE operation produced 289 g 82.5% yicld of a hydrogen mediated
anionic polyisoprene composition having Ma: 1353, My 3244, M 5415, PD: 2398, on
= 1600, nos = 2.663 (refractive index detector).

{0127] Examples 22-25, Table VI o this series of Examples the LOXSH catalvst

generically referred to as LOXKH was investigated mn the hydrogen mediated antonie

N2
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polymerization of isoprene. Prior to this work three LOXKH-TMEDA (sce
WO2017176740A 1, Exaples 25-27 of that application} bad been prepared and uwtilized
as HMAPS catalyst. In those examples the ratio of lithium to potassium was varied as
LK of 311, 7:1 and 15:1 respectively and the ratio of DMEA to TMEDA was 1:1. In
those examples the ratio of the catalyst composition DMEA | alkali metal | hydride .
30 TMEDA was 1:2:1:1 In this series of Examples, TMEDA (3 p polar modifier) was
elimmnated such that ©s offect if any on microstructure would also be clinunated. It s
pointed out that elimination of TMEDA from the process did provide some minor

solubility issue such that the exact Li:K ratio in the catalyst formulation is not precisely
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known. Nonetheless the catalyst formulation s estimated at approximately fo—u
PMLisKHz, wherein the o-—-u polar modifier (PM) was BMEA or 1-Pip-2-propanc]
{77 4 mole %) with o—u polar modifier MeOE {22.6 mole%).

[0128] Examples 22 and 23 were conducted in a solvent medium comprising about 94%
ethylbenzene. The first of the two runs, Example 22, utilized a catalyst formed from
0.0588 moles of DMEA, the second Example 23 utilized ¥ that amount. Example 22 was
mitiated by co-feeding isoprene (5.0 ml/min) with hydrogen (70.1 SCCM) at a
temperature of 60°C. The resulting process was unbelicvably fast and as a consequence
much cooling was applied to get the reaction temperature down to about 35°C even under
those counditions the reactor pressure had dropped to -8 PSIG (to be clear: negasive &)
Thus, with a potassium-based catalvst isoprene could undergo hydrogen mediated
anionic polymerization at such a rate that both isoprene and hydrogen were consumed at
the rate at which they were fod. In Example 23 as noted above the amount of catalyst
charged was cut i half as compared to Example 22, Example 23 polymenzation was
initiated at 33°C, the reaction temperature was controfled with chilled water (=3°C) and
the hvdrogen co-feed was 78.6 SCCM. The process still featured consumption of
isoprene and hydrogen at the rate at which they were fed, however the steady state
presswre was much higher (5 down to 2 PSIG hydrogen). Analyses (‘HNMR} of
Examples 22 and 23 revealed incorporation of ethylbenzene as an organic chain transfer
agent. Thus for Example 22 there was produced 169.04 g of an HMPIP composition from
175.5 g of isoprene having an Mo of 596 (169.04/596 = 0.2836 moles of polymer chains).
Proton NMR analvsis indicates that 491 wi% of the composition is incorporated
gthylbenzene (0.0491%169 .04 = 8 30 ¢ cthvlbenzens, 8.30g/106 g/mole = 0.078 mole).
Thus, under the conditions of Example 22, cthvibenzene competed with hydrogen as a
chain transfer agent 27.6% {0.078/0.2836 * 100%) of the time. For Example 23 there was
produced 167.67 g of an HMPIP composition from 184.0 g of isoprene having an Ma of
928 {167 67/928 = 0.1807 moles of polymer chains). Proton NMR analysis indicates that
1.38 wt% of the composition is mncorporated ethvlbenzene (0138¥167.67 = 231 ¢
gthylbenzene, 2.31g/106 g/mole = 0.022 mole}. Thus, under the conditions of Example
23 (lower teraperature), ethvibenzene competed with hydrogen as a chain transfer agent
£2.2% {0.022/0.1807 * 100%) of the time.

{8129] In conirast Examples 24 and 25 were conducted i a solvent medinm comprising

about 10% ethvibenzene and 90% methylevciohexane (MCH). The first of the two runs

47



WO 2022/051376 PCT/US2021/048684

hn

10

[
W

[
L

Example 24 utihized a catalyst formed from 0.0294 moles of DMEA, the second ran
Example 25 utilized an altered LOXKH catalyst formed from 1-Pip-2-propanod (0.0230
mole) and MeOE (0.00728 mole). Example 24 was initiated by co~feeding isoprene (5.0
mi/min) with hydrogen (78.6 SCCM) at a temperature of 35°C {controlling the reaction
temperature with chilled water on the coils). In Example 25 as noted above the catalyst
composition was changed to a mixed ligand formulation using the sterically incumbered
2-Pip-2-propanol ligand as well as MeOE. Example 25 was mitiated at 43°C however it
was immediate apparent that the process would run at a lower temperature. Accordingly,
the reaction temperature dropped to 35°C and controlled at that temperature with chilled
water (~3°C}. The two processes featured conswuption of isoprene and hvdrogen at the
rate at which they were fed. The steady state hvdrogen pressure for Example 24 was 2 to
negative 2 PSIG. The steady state pressure for Example 25 was 0 PSIG which was
reached in less than about 20 minutes (making this run almost deatical to an HMAPS
run),

[0130] Accordingly, Example 24 produced 16871 g of an HMPIP composition from
185.5 g of isoprene having an Mu of 1324 {168.71/1324 = 0.1270 moles of polymer
chains). Proton NMR analvsis indicates that 0.44 wt% of the composition is incorporated
ethvlbenzene (0.0044%168.71 = 0.74 g ethylbenzene, 0.74g/106 g/mole = 0.007 mole).
Thus, under the conditions of this Example, ethvibenzene competed with hydrogen as a
cham transfor agent 65.5% (C.0070/0.1270 * 100%) of the time. For Example 25 there
was produced 151.21 g of an HMPIP composttion from 169.0 g of isoprene having an
Mn of 1463 (151.21/1463 = 0.1033 moles of polymer chains). Proton NMR analysis
indicates that 0.36 wi% of the composition is incorporated ethyibenzene ((0036%151.21
=0.544 g ethylbenzene, $.544/106 g/mole = 0.0051 mole}. Thus, under the conditions of
this Example, cthylbenzene competed with hydrogen as a chain transfer agent 5.0%
(0.0051/0.1033 * 100%) of the time.

{8131] Preparation of a 3.5 wt.% Stock Solution of [DMEARLIK {(Sohution A) in
Ethylbenzene

[0132] All operations were conducted in a nitrogen glovebox. Thus, an oven-dried 1000
mi graduated borosilicate bottle was equipped with a stirring bar and then weighed
{698.26 g including cap and stirning bar). The bottle was place on a stirring hot plate 1n
the mitrogen purged glovebox. To the botile was charged 10.5 g of a 30% dispersion of
potassiom hydnde in mineral oil. The dispersion was washed three time voith 30 mi of

anhydrous pentane; decanting cach wash solution between washes. After the third wash
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the bottle was equipped with a rubber septum with a long 16-gauge nitrogen inlet needle
and a short venting 18-guage needie. Nitrogen was passed through the bottom of the
bottle over the washed KH solid until a free-flowing powder and a constant weight of the

bottle and its contents was obtained. At constant weight o was determined that the bottle

hn

contained 3.102 g of sohid taken as 100% KH (0.07755 mole). The bottle was charged
with 400 ml of ethvibenzene and equipped with another rubber septum and a 16-guage
needle vented to an oil bubbler. To the stirred KH suspension was charged 13.8 g (0.1548
mole) of DMEA over time such that the hydrogen produced vented from the bottle at a
comfortable rate. Upon completion of the DMEA feed, 301 g of a 165 wt.% #-
10 butyvlhthwn (2 M i cvclohexane) was carcfully imntroduced with vigorous sturing of the
cloudy solution. The addition of Bula was such that the red color that formed with cach
added increment was quickly quenched and dissipated. Upon completion of the addition,
the resolting homogeneous solution was faint reddish orange. The color was quickly

guenched with the addition of a drop of neat DMEA to produce a clear slightly vellow

[
W

solution. The bottle and its contents were weighed, and #t was determuned to contain
466.26 g of solution (3.69 wt. % [DMEALIK). The sohstion was left to stand ovemight
during which time crystalline solids were deposited, some adhering to the walls and some
as fine free flowing cryvstals. The solution was carefully decanted from the solids into an
amber Sure-S¢al® bottle and then capped (bottle cap with PTFE liner}. The solids left
20 chind were blowa free of sclvent to a constant weight of 1.0 g, Accordingly, the titer of
the [DMEALIK solution was adjusted to 3.49 wt. % (simple maternial balance).

{0133] Example 22: Preparation of [DMEALLsKH; “LOXKH Catalyst” and in
Ethylbenzene with Subsequent Hydrogen Mediated Anionic Chamn Transfer Isoprene

Polymerization Employing a Variable Hydrogen Co-feed.

[
L

{8134] Anhydrous Ethylbenzene, 225 mi of 370 ml total, was charged to the reactor at
20.5°C ander a dry hydrogen (21 PSIG Ho) atmosphere. To the stirred solvent (= 750
RPM) was charged through the charge vessel via positive nifrogen pressure, a sohution
previously formed from 93 .38 g (see above) 3.5 wt. % Stock Solution A of [DMEARLK
{0.0158 moles as [DMEALRLIK) to which an 2.616 g of N N-dimethylethanolamine
30 {0.0294) was added {this addition resulted in somie off gassing of hvdrogen} and 50 ml
of the anhydrous solvent from the total above. Thus, the reaction mixture comprised
0.0388 equivalents of DMEA and 0.0316 equivalents of alkali metal.

{3135] Next, 22.82 g (16.3 wt. %, (.0558 mole} of 2.0 M n-butyilithium dissolved in 23

¢ of anhvdrous ethylbenzene ml and 23 g of anhydrous cyclohexane was transterred to
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the charge vessel and further combined with 50 mi of the anhvdrous solvent from the
total above. This alkyllithium solution was then pressure transferred over a period of 8
minutes 1o the stirred (=750 RPM) reaction mixture voder hvdrogen. After 1.5 nunuies
of the transfer the temperature bad nisen to 21.2°C and the pressure to 23 PSIG; after 4
minotes of the transfer the temperature had raised to 22.7°C and the pressure to 24 FSIG.
At that point agitation was increased to 1021 RPM; and the transfer was complete in 8
minutes. At the end of the transfeor the reactor temperature was 23 .4°C and the pressure
had dropped to 21 PSIG. At the end of the organolithium charge the transfer Hine was
flushed with 45 ml of anhvdrouns solvent from the total above, at completion of the flash
the reactor temperature was 23.3°C and the pressure was 20 PSIG. The reactor was then
pressured to 46 PSIG hydrogen and heated to 71.3°C (61 PSIG) and held at that
temperatere for 60 mimites at a pressure of {61 PSIG). The catalyst reaction mixture was
then cooled {90 minutes after the start of the n-butyllithium addition) to 61.4°C and then
vented to O PSIG. The reactor was then recharged with hydrogen (900 standard cm?®
volume through the mass flow meter) to a pressure of 11 PSIG.

{0136] Isoprene (175.5 g, 2.58 mole) was fed to the reactor through the 0.0077 LD, feed
tip at a constant rate of 5.00 mi/oun. Afier the first 3 nunutes of feeding the pressure had
dropped from 11 PSIG to 9 PSIG. At the S-mmute mark the hvdrogen co-feed was
initiated at a rate of 45 SCCM however the pressure dropped preciprtously at that rate to
-1 PSIG. The jacket tomperature was reduced from 62°C to 30°C in an attempt to slow
the rate of reaction and the bydrogen foed rate was mnereased to 95 SCCM. Afier the first
13 minutes of monomer feed the reactor pressure reached -5 PSIG with a temperature of
53.3°C. The reactor jacket temperature was adjusted twice more, first to 40°C and then
to 30°C. After 30 minutes of feeding the reaction temperature was now 39.6°C and the
pressure was -8 PSIG utilizing a hydrogen feed rate of 68.5 SCCM. Between 40 minutes
and 60 minutes the reactor temperature had lined out at 35°C with a pressure of -7 PSIG.
The feed and flush of the feed system was complete by 60 minutes, at that mark the
reactor temperature began to drop, and the pressure began to build. At 70 rownutes the
reactor temperature was 32.4°C and the pressure had built to 0 PSIG. A total of 5107
standard cm® of hydrogen had been fed at an average feed rate of 70.1 SCCM excluding
the first 5§ punutes of monomer feed.

{0137} Following the quench and standard work up including solvent stripping, 169.04
¢ of hydrogen mediated anionic polyisoprene was obtained. If the composition were

comprised of solely isoprene monomer that would represent a 96.3% vield. However,

[54]
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proton NMR analysis revealed that the composition was comprised of 4.91 wt.%

cthylbenzene monomer (GPC MW: Ma: 596, Myw: 1147, Mz 1992, PD: 1.924, 0= 573,

w3 = 2.991 (refractive index detector).

{0138] Example 23. Preparation of [DMEABLsKH, “LOXKH Catalyst” and in
5 Ethylbenzene with Subseguent Hydrogen Mediated Antonic Chain Transter Isoprene

Polymenzation Employing a Constant Hydrogen Co-foed.

{8139] Anhydrous Ethvlbenzene, 225 mi of 370 ml total, was charged to the reactor at

20.7°C under a dry hydrogen (21 PSIG Hy) atmosphere. To the stirred sclvent {= 750

RPM) was charged through the charge vessel via posttive nifrogen pressure, a solution

18 previously formed from 46.79 g {see above) 3.5 wt.% Stock Solution of [DMEARLIK
{0.0079 moles as [DMEARLIK) to which an 1308 g of N N-dimethylethanolamine
{0.0147) was added (this addition resulted in some off gassing of hyvdrogen} and 50 ad
of the anhvdrous solvent from the total above. Thus, the reaction mixture comprise
0.0294 equivalents of DMEA and 0.0158 equivalents of alkali metal.

15 {0140] Next, 11.41 g (16.5 wt.%, 0.0294 mole} of 2.0 M n-butyllithium dissolved in 23
¢ of anhydrous ethylbenzene ml and 23 g of anhyvdrous cyelohexane was transferred to
the charge vessel and further combined with 50 mi of the anhvdrous solvent from the
total above. This alkyllithium solution was then pressure transferred over a period of 8
minutes to the stirred (=750 RPM) reaction mixture vnder hvdrogen. After 2.0 minutes

20 ofthe transfer the temperatare had risen to 20.9°C and the pressure to 25 PSIG; after 4.25
minotes of the {ransfer the temperature had raised to 22.3°C and the pressure dropped to
24 PSIG. At that point agitation was increased to 1013 RPM: and the transfer was
complete in 5 minutes. At the end of the transfer the reactor temperature was 22.4°C and

the pressure had dropped to 23 PSIG. At the end of the organchthiom charge the transfor

N2
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{ine was flushed with 45 mi of anhydrous solvent from the total above; at completion of
the flush the reactor temperature was 23.7°C and the pressure was 23 PSIG. The reactor
was then pressured to 46 PSIG hydrogen and heated to 71.5°C (59 PSIG) and held at that
temperatere for 60 mimites at a pressure of {59 PSIG). The catalyst reaction mixture was
then cooled {90 minutes after the start of the n-butyllithiom addition) to 29.3°C and then
30 wvented to O PSIG. The reactor was then recharged with hydrogen (300 standard cm®
volume through the mass flow meter) to a pressure of 3 PSIG.

{0141] Isoprene (184.0 g, 2.71 mole) was fed to the reactor through the 0.0077 LD. feed

tip at a constant rate of 5.00 ralVoun while the hydrogen co-feed was maintained at 78.6

[4]
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SCCM (from the start). Afier the first S nunutes of feeding the pressure had built to 8
PSIG. At the S-minute mark the reached 10 PSIG with a reaction temperature of 29.5°C.
The jacket teraperature was increased from 25°C to 30°C and the reaction allowed to

warm . After the first 15 minutes of monomer feed the reactor pressure peaked at 10 PSIG

hn

with a temperature of 34.1°C. After 20 minutes and an exothermic temperature rise ©
36.9°C, the pressure dropped to & PSIG while still maintaiming a hydrogen feed rate of
78.5 SCCM. Between 40 minutes and 60 mimutes the reactor temperature had lined out
at 33.5°C with a pressure of 5-2 PSIG. The feed and flush of the feed system was
complete by 70 minutes, at that mark the reactor temperature began to drop, and the
10 pressure began to drop to O PSIG. At 70 minutes the reactor temperature was 33.0°C and
the pressure was increased to 20 PSIG which did not have an associated temperature rise
indicating all the isoprene monomer had been reacted. A total of 5113 standard o’ of
hydrogen had been fed {excluding the charge to 20 PSIG at the end).

[{3142] Following the guench and standard work up including solvent stripping, 167.67

[
W

g of hydrogen mediated anionie polyisoprene was obtamed. I the composition were
comprised of solely isoprene monomer that would represent a 91.1% yield. However,
proton NMR analysis revealed that the composition was comprised of 138 wt%
ethylbenzene monomer (GPC MW Mu: 928 My 1820, My 3019, PD: 1,961, on = 910,
stz = 2.649 {refractive index detector).

20 [8143] Example 24: Preparation of [DMEALLsKH: “LOXKH Catalvst” and in
Methylcvelohexane with Subsequent Hydrogen Mediated Aniomic Chain Transfer
Isoprene Polymerization Emploving a Constant Hydrogen Co-foed.

{3144} Anhydrous methyleyciobexane, 225 mal of 370 m total, was charged to the reactor

at 20.7°C under a dry hydrogen (22 PSIG He) atmosphere. To the stirred solvent (= 750

N2
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RPM} was charged through the charge vessel via positive nitrogen pressure, a solution
previously formed from 46.79 g (see above) 3.5 wt.% Stock Solution A of [DMEABLIK
{0.0079 moles as [DMEARLIK) to which an 1308 g of N N-dimethyiethanolamine
{0.01473 was added (this addition resulted in some off gassing of hydrogen} and 50 mli
of the anhydrous solvent from the total above. Thus, the reaction mixture comprised
30 0.0294 cquivalents of DMEA and 0.0158 equivalents of alkali metal.

{0145] Next, 11.41 g (16.5 wt.9%, 0.0294 mole) of 2.0 M n-butvilithium dissolved m 13
g of anhydrous cthylbenzene ml and 33 g of anhydrous methyleyclohexane was

transferred to the charge vessel and further combined with 50 ml of the ashydrous solvent

[543
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from the total above. This alkyllithium solation was then pressure transferred over a
period of 9 minutes to the stirred (1830 RPM} reaction mixture under hydrogen. After
2.C munutes of the transfer the temperature had nsen to 21.1°C and the pressure to 23
PSIG; after 3.8 munutes of the transfor the temperature had raised to 21.8°C and the
pressare held at 23 PSIG. At the end of the transfer and flush of the line the reactor
temperature was 21.8°C and the pressure had dropped to 22 PSIG. The reactor was then
pressured to 46 PSIG hydrogen and heated to 72.7°C (59 PSIG) and held at that
temperature for 60 minutes at a pressure of (59 PSIG). The catalyst reaction mixture was
then cooled (90 minuies after the start of the n-butyllithnem addition} to 33.0°C and then
vented to O PSIG.

{8146] Isoprenc (185.0 g, 2.72 mole) was fed to the reactor through the 0.0077 1D, fee
tip at a constant rate of 5.00 ml/min while the hvdrogen co-feed was maimntained at 78.6
SCCM (from the start). After the first 5 nunutes of feeding the pressure had built to 4
PSIG. At the [0~munute mark the pressure reached 6 PSIG with a reaction temperature
of 33.9°C. The jacket temperatare was mcreased to and kept at 30°C. After 15 minutes
of monomer feed the reactor pressuse peaked at 7 PSIG as did the temperature at 37.2°C.
After 25 minutes temperature lined out at 35.4°C, the pressure dropped to 5 PSIG while
still maintaining a hydrogen feed rate of 78.6 SCCM. Between 40 munutes and 60
minutes the reactor temperatore had lined out at 33.5°C with a pressure of 4-2 PSIG. The
feed and flush of the foed system was complete by 70 minutes, at that mark the reactor
temperature began to drop, and the pressure dropped to 0 PSIG. The reaction muxture
was allowed to stir for an additional 15 minutes without the addition of more hydrogen.
At 85 minutes the reactor temperature was 31.2°C and the pressure was -5 PSIG. The
pressure was increased to 26 PSIG, which did not have an associated temperature rise
indicating all the isoprene monomer had been reacted. A total of 5244 standard om?® of
hydrogen had been fed.

{8147] Following the quench and standard work up including solvent stripping, 168.71
¢ of hydrogen mediated anionic polyisoprene was obtamed. If the composition were
comprised of solely isoprene monomer that would represent a 91.2% yield. However,
proton NMR analysis revealed that the composition was comprised of 0.44 wt.%
cthylbenzene monomer (GPC MW Ma 1324, Mw: 2995, Ma 5103, PD: 2262, on =

1487, nos = 2.773 (vefractive index detector).

%4
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{0148] Preparation of a Stock Solutions of [1-Pip-2-propancl{K {Solution B} and {P1-2-
propanclpLiK (Selution T} in Ethylbenzene.

{0149 All operations were conducted in a nitrogen glovebox. Thus, an oven-dried 230
mi graduated borosilicate bottle was equipped with a stirnng bar and then weighed
{298.738 g including cap and stirring bar). The bottle was place on a stirring hot plate in
the nitrogen purged glovebox. To the bottle was charged 4.139 g of a 30% dispersion of
potassium hvdrde in mineral ol The dispersion was washed three time with 20 md of
anhvdrous pentane; decanting cach wash solution between washes. After the third wash
the bottle was equipped with a rubber septam with a long 16-gauge nitrogen inlet needle
and a short venting 18-guage needic. Nitrogen was passed through the botton of the
bottle over the washed KH solid until a free-flowing powder and a constant weight of the
bottle and its contents was obtained. At constant weight it was determined that the bottle
contained 1.165 g of solid taken as 100% KH (0.0291 mole). The bottle was charged
with 58.878 g of 9% cthylbenzene (recovered from previous HMPIP runs 2% oligomer
content} and equipped with another rubber septum and a 16-guage needle vented to an
otl bubbler. To the stirred KH suspension was charged 8.33 g of 1-piperidino-2-propanot
{Pip-2-propanch) over time such that the bydrogen produced vented from the bottle at a
comfortable rate. Bt was determined that the solution weighing 66.717 g thus produced
was 7.95 wi.% [ Pip-2-propanol [K and a 6.243 wt.% [ Pip-2-propanol]. The solution, 26%
of which was used immediately in Example 25

{0150] Upon standing over the weekend the solution above deposited solids such that
the entive mass of the solution could not be easily slurried. The solution was charged with
25.20 g of the 98% ethylbenzene and then gently heated on a hotplate with an ever-
increasing amount of stirring as the slurry became more fluid. To the solution was
carefully charged 844 g (0.0217) mole of a 165 wt% n-butylhthiom 2 M
cyciohexane}. The addition of Buli was such that the red color that formed with cach
addition was guickly quenched and dissipated. Upon completion of the addition the
resulting homogeneous solution was faint reddish orange in color. The color was guickly
guenched with the addition of a drop of neat Pip-IPA to produce a clear shghtly vellow
solution. The resulting 83.06 g of solution was determined {simple mass balance} to
contain 8.60 wt.% [Pip-2-propanocipLiK.

{01511 Preparation  of [Pip-2-propanol3[MeOELKH: “LOXKH

25

Exammple

Catalyst” and in Methyleyclohexane with Subsequent Hydrogen Mediated Anionic

Chain Transfer Isoprene Polymerization Employing a Constant Hydrogen Co-feed
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[{0152] Anhydrous methyleyclohexane, 225 ml of 370 mi total, was charged to the reactor
at 20.7°C under a dry hvdrogen (22 PSIG Hoj atmosphere. To the stirred solvent (= 750
RPM) was charged through the charge vessel via positive nitrogen pressure, a solution

previously formed from 16.67 g Stock Solution B of 7.95 wt.% [Pip-2-propanol JK {1.325

hn

g, 0.0732 mole} and a 6.243 wit.% [Pip-2-propanoct] (1.041 g, 0.00727 mole) to which an
1.041 g of Pip-Z-propanol {0.00727 mole) and 05540 g (0.728 mole) of MeOE was
added and 50 ml of the anhydrous solvent from the total above. Thus, the reaction mixture
comprised 0.0219 equivalents of Pip-Z-propancl, 0.0073 equivalents of Me0OFE and
0.0073 cquivalents of potassium.

10 [8183] Next, 1448 g (16.5 wt.%, 0.0373 mole) of 2.0 M s-butyllithium dissolved in 13
g of anhvdrous ethvlbenzene and 33 g of anhydrous methyleyclohexane was transferred
to the charge vessel and further combined with 56 mi of the anhydrous solvent from the
total above. This alkylithium solution was then pressure transterred over a period of 10

minutes to the stured (762 RPM) reaction mixture under hydrogen. After 2.5 minutes of

[
W

the transfer the temperature had risen to 20.8°C and the pressure to 23 PSIG and the RPM
mixing was increased to 1023, after 4.5 minutes of the transfer the temperature had raised
to 22.7°C and the pressure to 24 PSIG. The transfer was complete at 625 minutes with
a temperature of 23.5°C and a pressure of 23 PSIG. At the end of the flush of the hine
{10.75 minutes, the reactor temperatare was 23.9°C and the pressure 23 PSIG. The
20 reactor was then pressured to 46 PSIG hydrogen and heated to 71.4°C (39 PSIG) and
beld at that teraperature for 50 minutes at a pressure of (59 PSIG). The catalyst reaction
mixture was then cooled (90 minutes affer the start of the w-butyllithium addition) to
45 .3°C and then vented to 0 PSIG.

{0154] Isoprene (169.0 g, 2.49 mole} was fed to the reactor through the 0.0077 LD, feed

F=Thed

[
L

tip at a constant rate of 5.00 mVmin while the hyvdrogen co-feed was mamtained at 78.6
SCCM {from the start). After the first 5 minutes of feeding the pressure had built t0 5
PSIG. At the 10-minute mark the reached 6 PSIG with a reaction temperature of 44 4°C.
The jacket teraperature was decreased kept at 27.5°C. After 15 minutes of monomer feed
the reactor pressure was 7 PSIG at a temperature of 45.0°C. After 25 minutes temperature
30 lined out at 35.4°C, the pressure dropped to 0 PSIG wiile still maintaining a hydrogen
feed rate of 78.6 SCCM. Between 20 minutes and 65 minutes the reactor temperature
had hned out at 35.4°C with a pressure of ¢ PSIG. The feed and flush of the feed system
was complete by 70 minutes, at that mark the reactor temperatare began to drop, and the

pressure maintained at 8 PSIG. The reaction mixture was allowed to stir for an additional

5
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6 minutes the reactor pressure increased to 27 PSIG. At 71 mimutes the reactor
temperature was 31.2°C and the pressure was 24 PSIG. A total of 4806 standard cm® of
hvdrogen had been fed. For comparison the reactor pressure profile (PSIG vs. munutes
of isoprene feed) for Examples 23-25 are presented in Figure & The low steady state or
near steady state pressures — from 6 PSIG to 0 PSIG — were observed. Example 24 was
given an extra-long post reaction time wherein the pressure dropped to -3 PSIG.

{0155] Following the quench and standard work up including solvent stripping, 151.21
g of hydrogen mediated aniomic polvisoprene was obtained. I the composition were
comprised of solely isoprene monomer that would represent an 8%.5% vield. However,
proton NMR analysis revealed that the composition was comprised of 0.36 wt.%
cthylbenzene monomer (GPC MW Ma 1463, Mw: 3850, Mz 7117, PD: 2.632, ou =
1869, vtz = 3.314 (refractive index detector).

{8156] Examples 26-28 Table VII: The Examples of Table V entail hyvdrogen mediate
anionic butadiene polymerization stilizing LOXKH catalysts. Examples 26 and 27
utilized the same highly active LOXKH catalyst utilized in Example 25 formed from Pip-
2-propanol (0.0287 mole, 80 mole%) and MeOE (0.00719 mole, 20 mole%) and having
a PM : 5H ratio of 4:2 wherein the L1 K = 5 1 1. The mtent was to feed through the
0.607” 1.D. tipped dip leg on these runs hover during the first 15 minutes of feeding
butadiene (2.3 g/oun based on the scale reading} the feeding slowed. It was concluded
that the pressure drop across the subsurface feed line and the pressure in the reactor was
equirvalent to the pressure in the butadiene oylinder. Thus, the feed had to be rerouted to
the reactor headspace to complete the nin. As a consequence, the resulting hydroge
mediated polybutadiene (HMPBD) composition thereby formed had a higher asymmetry
and broader molecular weight distribution than would have otherwise resulted. Example
26 was repeated as Example 27 with the entire feed delivered to the reactor headspace.
Coroparison of the data reported in Table Vi shows how reproducible the process s,
which is quite remarkable given the variability of controlling the feed with a metering
valve as compared o a very precise and consistent metering pump.

{0157 Example 28 utilized a LOXKH formed exclusively from DMEA having a o—u
polar modifier: Saline hydride ratic (PM : SH) of 4:2 and a Li:K ratio of about 3:1.
Surprisingly this run appeared to consume butadiene much faster than Exaroples 26 and
27. The pressure in reactor for Example 28 built only to 9 PSIG whereas for Examples

26 and 27 the pressure was greater than 20 PSIG. Anticipating a slower run based on

]
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stmilar isoprene runs the mitial hydrogen feed rate was 47.6 SCCM which was increased
first to 84 SCCM then to 100 SCCM. On average the hydrogen feed was 90 SCUM but
the reactor pressure nover reached higher than 9 PSIG. The resuiting HMPRBD

distribution had an Ma = 1268 but with improved breadth and asymmetry over the two

hn

other runs in this series.

{8158] Modified General Apparatus Used in Hydrogen Mediated Anionic Butadiene
Polymernization

[01539] Two modifications were made to accommodate feeding butadiene {normal
botling point -4.4°C): D modified to directly feed as a liquid from a scale with autogenous
10 back pressure; and ) modified to indirectly feed as a liquid with super atmospheric
hyvdrogen pressure.

{3168] Dircct Feed of Butadiene from SarPac cvlinder to Reactor When Using a
LOXKH Catalysis and Reactor Pressure <22 PSIG

{5161} The direct feed entailed mounting a 1.0 Kg {(contained) butadiene Sure/Pac™

[
W

{Aldrich) cylmder inverted on a ring stand resting on top of a fop loading balance. The
cylinder {21-22 PSIG) was connected to the monomer feed line via 1/167 Q.1 stainless
steel line. The connection was a “tee” on the delivery side of the monomer feed pump
used for isoprene and/or styrene feeding. As with the other monomers, butadiene was fed
through the same molecular sieve and ALOs columas (as previoasly described) before
20 introduction to the reaction mixture. However, insicad of foeding through the subsurface
feed tip, butadiene was fod the headspace via a fine metering valve. To muinimalize
flashing of butadiene in the supply side of the metering valve, the valve was connected
to the headspace with a 67 length of 1/16” 0.1 stainless steel tabing with a 0.017 mtertor

diameter. In this way a reasonably constant butadicne feed based ou the changing weigh

[
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scale reading could be achieved during the hydrogen co-feed.

{8162] Indirect Feed of Butadiene from SurPac™ cylinder to Reactor When Using a
LOXLiH Catalysis and Reactor Pressure > 22 PSIG

{6163] The indirect foed entailed mounting a 1.0 Kg (contamed) butadiene Sure/Pac™
{Aldrich) cylinder inverted on a ring stand resting on top of a top loading balance. The
30 cyhinder (21-22 PSIG) was connected to a 350 mi stamnless sieel double-ended vertically

mounted sample cylinder. Accordingly, the connection from the Sure/Pac™

cyhlinder to
the sample cvlinder was made via 1/87 stainless steel line through the top of the sample
cylinder. The delivery line passed through a “bored-through” fitting and terminated Y2

way trom the bottom of the cylinder. Hydrogen gas was T-ed into the feed line at the
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connection to the Sure/Pac™ cvlinder. The sample cvlinder was outfitted with a plastic
tub to which a hole {diameter of a standard door-knob hole saw} had been cut from the
bottom to accommodate the bottom hemisphere of the sample cvlinder. Thus, the

cylinder could be packed in dry ice prior to the butadiene transfer. The bottom end of the

hn

sample cylinder was outfitted with a ball-valve and then T-ed into the monomer feed line
above the delivery end of the metering pump via 1/16” O.D . stainless steel line. As with
the other monomers, butadicne was fed through the same molecular sieve and ALOs
columns before introduction to the reaction mixture. However, instead of feeding through
the subsurface feed tip, butadiene was fed the headspace via a fine metering valve. To
10 nmunimalize flashing of butadiene in the supply side of the metering valve, the valve was
connected to the headspace with 2 67 length of 17167 stainless tubing with 2 0.017 interior
diameter. This set ap provided poor but acceptable control of the butadiene co-feed with
hydrogen. The intent of the associated Examples was not to demonstrate a refined process

but to determine the nucrostructure of the resulting bydrogen mediated anionic

[
W

polvbutadiene compositions and how that in tum related to the catalvst composition.
Scale up Examples are presented in Examples 34- 41 (250 g butadience) and Examples
42 -81 (340 to 760 g butadicne).

[3164] Example 27: Preparation of [Pip-2-propanolj:[MeOE[LisKH: “LOXKH
Catalyst”™ and in Cyclohexane with Subsequent Hydrogen Mediated Anionic Chain
20 Transfer Butadiene Polymerization Employving a Constant Hydrogen Co-foed Wherein
Liguid Butadiene 1s fed from an Inverted Sur/Pac™ Cylinder of a Weigh Scale.

[{0165] Anhydrous cyclohexane, 225 ml of 370 mi total, was charged to the reactor at
22.1°C under a dry hvdrogen (22 PSIG Ho} atmosphere. To the stirred solvent (= 750

RPM) wag charged through the charge vessel via positive nitrogen pressure, a solution

[
L

previously formed from 27.687 g Stock Solution C of 4.726 wt.% [Pip-2-propanol |K
{1.309 g, 0.0719 mole) and a 3.869 wi. % {Pip-2-propanol}Li (1.071 g, 0.00723 mole} to
which an 1017 g of Pip-2-propanol {0.00710 mole} and 0.5470 g (0.00723 mole} od
MeOE was added and 50 ml of the anbydrous solvent from the total above. Thus, the
reaction mixture comprised 0.0216 equivalents of Pip-2-propanol, 0.00723 equivalents
30 of MeQE, 0.00723 cquivalents of potassivm and 0.00723 equivalents of lithium.

[0166] Next, 11.153 g (175 wt.%, 0.0305 mole) of 2.12 M s-butyllithium dissolved in
13 g of anhvdrous ethylbenzene mi and 33 g of anhvdrous cyclohexane was transferred
to the charge vessel and further combined with 30 ml of the anhydrous solvent from the

total above. This alkyilithtum solution was then pressure transferred over a period of

%11
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about 10 minutes to the stirred (762 RPM) reaction mixture under hvdrogen. After 2.5
minutes of the transfer the temperature had risen to 21.7°C and the pressure to 23 PSIG
and the RPM mixing was increased to 1056; afier 6.75 mumutes of the transfor the
temperature had raised to 22.5°C and the pressure to 23 PSIG. The transfer was complete
at 9.0 minotes with a temperatore of 22.6°C and a pressure of 23 PSIG. At the end of the
flush of the line (10.75 minutes) the reactor temperature was 22.6°C and the pressure 24
PSIG. The reactor was then pressured to 46 PSIG bydrogen and heated to 64.0°C (60
PSIG) and held at that temperature for 60 minutes at a pressure of (60 PSIG). The catalyst
reaction mixture was then cooled (90 minates after the start of the n-butylithium
addition} to 32.7°C and then vented to 0 PSIG.

{8167] Butadiene (1250 g, 2.31 mole) was fed {controlling at about 3 g/min.} to the
reactor the headspace. After the first 5 minuates of feeding the pressure remained at O
PSIG while the hydrogen co-feed was then initiated and maintained at 78.6 SCCM. At
the 10-minute mark the pressure reached 1 PSIG with a reaction temperature of 35.5°C.
The jacket temperature was decreased to and kept at 27.5°C. Afier 15 nunutes of
monomer foed the reactor pressure was S PSIG at a temperature of 34 4°C. After 253
minutes temperature lined out at 34.4°C, the pressure continued to build to 9 PSIG while
still maintaining a hydrogen feed rate of 78.6 SCCM. At 35 minutes the temperature had
dropped to 33.8°C with a pressure of 18 PSIG. Over the next 25 minutes the temperatare
was allowed to mcrease to 39.9°C and the reactor pressure remained between 16 and 19
PSIG. At the end of the feed the reactor pressure was 19 PSIG and the temperature was
39.1°C — atotal of 1600 std. cm® had been fed. The feed and flush of the foed system was
complete by 70 minutes, at that mark the reactor temperature began to drop from 16 10 6
PSIG and the end of the reaction {90 minutes). The reaction mixtare was allowed to stir
for an additional 6 minutes the reactor pressure mereased to 27 PSIG which did not
produce a heat kick indicating that all of the butadiene had been reacted.

{8168] Following the quench and standard work up including solvent stripping, 115.20
¢ of hvdrogen mediated antonie polvbutadiene was obtained (GPC MW: Mo 1172, Mw:
2370, Mz 4494, PD: 2,167, oy = 1185, soz = 3.368 (refractive tndex detector).

[0169] Examples 29-33 Table VI The experiments of Table VIH entail hydrogen
mediated anionic butadiene polymerization utidizing a vanety of LOXLiH catalysts
formed with or without ether-alcohol co-ligands. In this series of 5 experiments butadiene

was fed as a hguid from an mtermediate double-ended sample cvlinder controlling
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{poorly} with a fine metering valve. Although the fine metering valve employed has a
Vernier handle {20 to 30 PSI pressure drop across the feed system) less than a tenth of a
full wro above closed makes the difference of a 20-mimute feed or 40-minute feed of
about 125 g of butadiene. Nonctheless, the intent of this series of experiments was a
survey of HMPBD microstructure as a function of LOXLiH hgand composition. As was
the design of the experiments: 1} qualify with styrene; 2} validate and rough in with
isoprene; and 3) apply to butadiene the solid information that was gathered with these 5
along with the previous 3 butadiene runs. The experimental details as well as the results
are presented in Table VIHL In general, it appears that batadiene underwent hyvdrogen
mediated anionic polymerization faster than soprone requiring much shorter ride times
after the end of the monomer feed.

{3178] Example 30: Representative of 1-Piperidino-2-propano] based LOXLiH Catalyst
Preparation with Subsequent Hydrogen Mediated Anionic Chain Transfer Butadiene
Polymerization Eraploying a Constant Hydrogen Co-foed Wherein Liquid Butadiene is
fed from an Intermediate Sample Cylinder under Additional Pressure from Hydrogen.
{0171] The procedure for formung the [DMEARLH catalyst presented above was
followed to form the catalyst composition{s} having the stoichiometry of [PCARLisH
{wherein the PCA is I-piperidino-2-propancl, 1-Pip-2-propanol}. Thus, the catalvst was
formed from: 8.421 g (0.0588 mole) 1-Pip-2-propancl; and 44.07 m1 (34.219 g, 0.0881
mole) 2 M z-butyllithium. At the end of the imitial catalyst forming step the Hz pressure
did not decrease but had increased to 26 PSIG while the foraperature increased from
26.3°C to 24.7°C (10 minutes since starting the butylhithium charge). After completion
of the hine flush, the pressure was increased to 47 PSIG with a temperature of 24.4°C,
within 4 minutes the pressure dropped to 46 PSIG while the tomperature only dropped to
24.2°C giving the first indication of lithivm hydride formation. The reaction mixture was
heated 76.3°C with a pressore of 55 PSIG indicating further catalyst formation during
the heating process.

{0172] The catalyst was aged at 76.3°C and 55 PSIG for 40 more rainutes before heating
t0 79.0°C (90°C o1l on jacket} and then venting to 0 PSIG. The reactor was then recharged
with 200 standard cm® of Hydrogen (350 SCCM} 1o a pressure of 9 PSIG. The butadiene
feed, 137 g (2.53 mole), was wutiated feeding to the headspace of the reactor. The
pressure increased to 23 PSIG while the temperature decreased from 79.0°C 1o 78 3°C
during that first 10-mimute period. After 15 minutes of feed time, the valve from the

hydrogen mass flow meter (31.8 SCCM) to the reactor was opened causing the pressure

60
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to butld to 34 PSIG over the next 25 minutes (40 minutes of feeding). Dunng that time
the temperature was increased from 81.0°C to 90.5°C. After 40 minutes the butadiene
feed was complete, and the hyydrogen feed was then stopped. A total of 1740 std. c® of
hvdrogen had been charged. The reaction teroperature peaked at 91.2°C at 45 minutes
with the pressure having decreased to 22 PSIG. Over the next 60 minutes the reactor
pressure reacted down to 1 PSIG as the reaction temperature dropped to 85°C.

{3173] The vonquenched polymerization reaction mixture was transferred with positive
Hz pressure to the wash vessel previously heated (N2 atmosphere) and previously charged
with 5300 ml of deoxygenated water.

{#174] After the standard work-up and solvent strip the solution was then further stripped
of ethylbenzene with the use of a wiped film evaporator (WFE, 27 glass Pope Still,
operated at 50.0 mmHg vacuum, 142°C, wiper speed 65% of full rate, feeding at 1.0
liters/ hry. This WFE operation produced 124.3 g 90.7% yield of a hydrogen mediated
amionic polybutadiene composition having Ma 881, My 1235, M. 1630, PD: 1402, o
=558, a3 = 165 (refractive index detector).

{0175] Table XVI tabulates the key analytical data for all HMPRD samples inclusive of
the results for Examples 26-81 of Tables VH through XV,

{6176] For Examples 34-81, the 350 mi betadiene sample cvlinder described above was
replaced with a 1000 mi Tetlon® lined sample cylinder. The cylinder was completely
evacuated and then charged with between 240 g to 600 g of butadiene (400 ml to 950
mi). Transfer of butadiene o the reactor was as before except that the sample cvlinder
pressure was maintained about 20 PSI above the pressure of the polymerization reactor
with bydrogen gas. The sample cylinder was kept on a weigh scale and butadiene was
fed as a hgwd to the headspace of the reactor by means of a fine metering valve having
two stems. This provided for a very flexible vet very accurate delivery of butadiene
monomer per umt time. For Examples 61, 62 and 54-81 a predetermined amount of
hyvdrogen was charged by setting the totalizer on the hydrogen mass flow meter to the
desired amount. The feed rate of butadiene and of hvdrogen were maintained such that
the feeds would be complete simultaneously. In doing so a specific ratio of moles
butadicne to total moles of hydrogen could be obtamed.

{0177 Example 40 is representative of Examples 34-41 of Table IX wherein 250 grams
of butadiene was polymerized under hvdrogen mediation of an anionic process. Thus the

procedure for formung the [DMEALLuH catalyst presented above was followed to form
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the catalyst composition(s) having the stoichiometry of [PCApLisH (wherem the PCA
is 2-piperidinocthanol 75 mole% and I-methoxy-2-butancl 25 mole%}. Thus, the catalyst
was formed from: 0.0468 mole 2-pipendinoetbanol; 0.01561 moles of 1-methoxy-2-

butanol: and 0.0936 mole of n-butyllithiom in a solvent mixture comprising 73%

hn

ethylbenzene and 25% cyelohexane. At the end of the nitial catalyst forming step the He
pressure had mmcreased from 21 to 24 PSIG before decreasing to 23 PSIG while the
ternperature increased from 20.9%C o 25.9°C (14 ninutes since starting the butyllithium
charge}. After completion of the hine flush, the pressure was increased to 40 PSIG with
atemperature of 25.7°C. The jacket temperature was set to 77.5°C. At about 44 minutes
10 the temperature was 68.9°C and the pressure was 47 PSIG.

{0178] The catalyst was aged at 68.9°C and 47 PSIG for 20 more minutes and then
vented to O PSIG. The reactor was then recharged with 900 standard cm® of hydrogen to
a prossure of 7 PSIG stirring at 1060 RPM. The butadiene feed, 251 g (4.64 mole), was

mittated foeding to the headspace of the reactor. The pressure increased to 18 PSIG while

f—
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the temperature increased from 68.8°C 1o 72.9°C during that first 20-mimite period. After
15 mimnutes of feed time, the valve from the hydrogen mass flow meter (90 SCUM) to the
reactor was opened causing the pressure to build to and run between 16 and 19 PSIG
over the next 62 minutes (76 minutes of feeding). Duning that time the teraperature was
maintained at about 72.3°C. After 76 nunutes the butadiene feed was complete, and the
20 hydrogen feed was then stopped, and the reaction mixture was left to stir at 1060 RPM
for 35 more minutes until the reaction was deemed conpleted. A total of 7131 std. om?®
of hvdrogen had been charged, imitial charge and hydrogen co-fed. The reaction
temperature peaked at 74.0°C at about 21 mimutes with the pressure having decreased to

16 PSIG. The reaction pressure remained between 16 and 19 PSIG and temperature was

[
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constant at 72°C.

{6179] After the standard work up procedure and solvent strip (WFE 140°C 50 mmbg)
a hazy liguid polymer (231 g 91.5%) was obtained. GPC analysis (Resipore Columas
30% 1,4-BD standards) was as follows: Mp = 1000, Mw = 1465, Mz = 2071, standard
deviation = 682; asvmmetry = 2.015,

30 {0188} Example 46 is representative of Examples 42-52 of Table X and X1 wherein 560
grams of butadiene was polvmerized under hydrogen mediation of an anionic process.
Thus the procedure for forming the [DMEALizH catalyst presented above was followed
to form the catalvst composition{s} having the stoichiometry of [PCA:LizH {(wherein the

PCA s 2- dimethylaminocthanol 69 mole% and -methoxy-2-propanct 31 mole%).

62
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Thus, the catalyst was formed from: 0.0437 mole dimethylanunocthanol; 0.0192 moles
of T-methoxy-2-propanol; 0.0312 mole TMEDA and 0.0952 mole of n-butyllithium in a
solvent mixture comprising 32% cthylbenzene, 47% cyelohexane, 0.25% styrene and

0.25%THF recycle from previous nuns.

hn

At the end of the initial catalyst forming step the Ho pressure had increased from 23 to
27 PSIG before decreasing to 26 PSIG while the temperature increased from 20.6°C to
26.4°C (14 minutes since starting the butyilithium charge). After completion of the line
flush, the pressure was mcreased to 40 PSIG with a teroperature of 25.8°C. The jacket
temperabire was set to 75°C. At about 30 minutes the temperature was 69.8°C and the
10 pressure was 57 PSIG.

{0181] The catalyst was aged at 68.9°C and 47 PSIG for 10 more minutes and then
vented to O PSIG. The reactor was then recharged with 900 standard cm® of hydrogen to
a pressure of 7 PSIG stirring at 1060 RPM. The butadiene feed, 560 g (10.35 mole}, was

mitiated feeding to the headspace of the reactor. The pressure inereased to 24 PSIG while

f—
W

the temperature increased from 69.5°C to 71.6°C during that first 20-minute period. After
15 minutes of feed time, the valve from the hydrogen mass flow meter (80 SCUM) to the
reactor was opened causing the pressure to build from 18 to 24 PSIG. Butadicne was fed
for a total of 136 vunutes with reactor pressure lining out at 16-17 PSIG and temperature
at 70.3°C. After 156 minutes the butadiene feed was complete, and the hydrogen feed
20 was then stopped, and the reaction mixture was left to stir at 1060 RPM for 34 more
minutes wtt the reaction was deemed completed. A total of 13,067 std. cm?® of hydrogen
had been charged, imitial charge and hydrogen co-fed. The reaction ternperature peaked
at 72.0°C at about 21 mimutes with the pressure having peaked at 24 PSIG. The reaction

pressure and temperature profile are attached as Figure 9.

[
L

{03182] After the standard work up procedure and solvent strip (WFE 115°C 20 mmbg)
a clear colorless Liguid polymer (5335 g 91.5%;) was obtained. GPC analysis (Resipore
Cohunns 50% 1.4-BD standards) was as follows: My = 1096, My = 1692 M; = 2460,
standard deviation = 801; asymmetry = 2.150. The deeper vacuum emploved (WFE) in
garlier Examples reduced the residual ethylbenzene t0 0.20 wt.% by 'HNMR analysis.

30 0183} Example 33 demonstrates a high efficiency process wherein subsequent charges,
first 507 g and then 251 g of butadiene, are made in the course of the hydrogen mediated
anionic butadiene polymenzation. Thus the procedure for forming the [DMEARLsH
catalyst presented above was followed to form the catalyst composition{s} having the

stotchiometry of [PCA L LisH (wherein the PCA is dimethylaminoethanol 69 mole% and
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F-methoxyethanol 31 mole%;). Accordingly, the catalyst was formed from: 0.0376 mole
dimethylaminoethanci; 0.0166 moles of 1-methoxyvethanct; 0.0271 mole TMEDA and
0.0836 mole of #-butyliithiunm mn a solvent mixture comprising 10% cthylbenzene and

90% cvclohexane At the end of the initial catalyst formung step the Hz pressure had

[

increased from 25 to 28 PSIG before decreasing to 24 PSIG while the temperatore
mereased from 21.1°C to 25 4°C (12 minutes since starting the butyllithium charge).
After completion of the line flush, the pressure was increased to 41 PSIG with a
temperature of 25 4°C. The jacket temperature was set to 70°C. At about 80 minutes the
temperabire was 69.3°C and the pressare was 56 PSIG.

10 [0184] The catalyst was aged at 68.9°C and 47 PSIG for 15 more minutes and then
vented to O PSIG. The reactor was then recharged with 900 standard om® of hydrogen to
a pressure of 9 PRIG stirring at 1060 RPM. The first butadiene feed, 507 g (9.38 mole),
was initiated feeding to the headspace of the reactor. The pressure increased to 20 PSIG

while the temperature mncreased from 69.4°C to 73.3°C duning that first 20-nunuie

f—
W

period. After 10 nmunutes of foed time, the valve from the hydrogen mass flow meter (100
SCCM) to the reactor was opened causing the pressure to build from 18 to 23 PSIG.
Butadiene was fed for a total of 124 minutes with reactor pressure liung out at 21-23
PSIG and temperature at 69.7°C. After 124 minutes the butadiene feed was complete,
and the hydrogen feed was then stopped, and the reaction mixture was left to stir at 1060
20 RPM for 40 more minutes unti the reaction was deemed completed -~ the reactor pressure
dropped to negative 3 PSIG. A total of 12,469 std. cnt® of hydrogen had been charged,
mitial charge and hydrogen co~fed combined.

{0185] The sample cylinder was evacuated and charged with 251 g of butadiene. The

reacior was again charged with 900 standard ooy’ of hydrogen to a pressure of 13 PSIG

[
L

stirming at 1060 RPM. The second butadiene feed, 251 g {4.65 mole), was nitiated
feeding to the headspace of the reactor. The pressure mcreased to 23 PSIG while the
temperature increased from 65.9°C to 71.3°C during that first 20-minute period. After
10 minutes of feed time, the valve from the hydrogen mass flow meter (100 SCCM) to
the reactor was opened causing the pressure to build from 235 1o 30 PSIG. The reactor
30 temperature was allowed to warm to 72.6°C which resulted in an autogenous reactor
pressure of 26 PSIG. Butadicne was fed for a total of 63 minutes with reactor pressure
lining out at 26 PSIG and temperature at 72.6°C. Afier 63 minutes the butadiene fee

was complete, and the hydrogen feed was then stopped, and the reaction mixtore was left

to stir at 1060 RPM for 27 more minutes until the reaction was deemed completed — the
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reactor pressure dropped to negative 2 PSIG. A total of 6464 std. em® of hydrogen had
been charged, initial charge and hydrogen co-fed. The total butadiene feed was therefore
758 g while the total hydrogen charge was 18933 standard cnt®. The combined reaction

pressure and temperature profile are attached as Figure 10

hn

{0186] After the standard work up procedure and solvent strip (WFE 115°C 20 mmbg)
a clear colorless liguid polymer (713 g 94.1%) was obtained. GPC analysis {Resipore
Columns 50% 1,4-BD standards) was as follows: Mn = 1112, My = 1719, Mz = 2531,
standard deviation = 822; asymmetry = 2.184. The deeper vacuum emploved {WFE} in
earlier Examples reduced the residual ethylbenzene to 0.14 wit.% by 'HNMR analysis.

10 [0187] Example 58 is representative of Examples 54-539 of Table XH whercin 575 grams
of butadicne was polvmerized under highly efficient hvdrogen mediation of an anionic
process. Thus the procedure for formimg the [DMEA]:Li:H catalyst presented above was
followed to form the catalyst composition(s} having the stoichiometry of {PCALLGH

{wheremn the PCA 1s 2-pyvrrohidinocthanol 72 mole% and -mcthoxyethanol 28 mole%).

[
W

Thus, the catalyst was formed frony 0.0307 mole dimethylaminocthanol; 0.0118 moles
of Z-methoxyethanol; and 0.0633 mole of n-butyllithium in a solvent mixture {(fresh)
comprising 10% ethylbenzene and 90% cyclohexane. At the ond of the initial catalyst
forraing step the He pressure had increased from 22 to 24 PSIG before decreasing to 23
PSIG while the temperature increased from 19.7°C to 23.5°C (10 minutes since starting
20 the butyllithium charge). After completion of the line flush, the pressure was ncreased
to 40 PSIG with a temperature of 25.8°C. The jacket teraperature was set to 77°C. At
about 53 minutes the temperature was 71.7°C and the pressure was 32 PSIG.

{0188] The catalyst was aged at 61.1°C and 47 PSIG for 10 more minutes and then

vented to O PSIG. The reactor was then recharged with 700 standard cm® of hvdrogen to

[
L

a pressure of 6 PSIG stirring at 1060 RPM. The butadiene feed, 575 g (10.63 mole}, was
iitiated feeding to the headspace of the reactor. The pressure mnereased to 15 PSIG while
the temperature increased from 69 5°C to 71.6°C during that first 20-minute period. The
bydrogen co-foed (100 SCCM)} was mitiated at the same time as the start of the butadicne
feed It was noted that unlike most all other Examples, this catalyst systern which at first
30 appeared to be the most active, appeared to deactivate throughout the course of the nun.
Accordingly, the antogenous reactor pressure continued to build over the course of the
run from 15 PSIG at start to 25 PSIG at the end. (Though we wish not to bound by theory
the pyrrolidine amine fragment may not be completely stable under the polymerization

reaction conditions). Butadicne was fed for a total of 140 mimutes with reactor pressure
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bunlding throughout the course of the co-feed with a reaction temperature at 69.7°C to
70.5°C. After 140 minotes the butadiene feed was complete, and the hydrogen feed was
then stopped, and the reaction mixture was left to stir at 1060 RPM for 30 more nunutes

until the reaction was deemed completed — the reactor pressure dropped to OPSIG. A total

n

of 14,644 std. cn® of hydrogen had been charged, nitial charge and hydrogen co-fed.
The reaction temperature peaked at 76.6°C at about 21 mimutes.

{0189] Afier the standard work up procedure and solvent strip (WFE 115°C 20 mmHg)
a clear colorless liguid polvmer (826 g 91.3%) was obtained. GPC analysis {Resipore
Columns 30% 1,4-BD standards} was as follows: Ma = 1024, Mw = 1634, Mz = 2458,
10 standard deviation = 788; asymmetry = 2.29. The deeper vacuum employed (WFE)
carlier Examples reduced the residual ethylbenzene to 0.23 wt % by 'HNMR analysis.
{8190] Example 63-65 are representative of Examples of Table X1 wherein reduced
vinyl-1,2-BD} compositions are sclectively produced with aminoalcohol polar modifier

ligands wherem the alcohol function is a secondary aleohol. Accordingly, 420 grams of

[
(¥ 1]

butadicne was polymenzed under hydrogen mediation of an anionic process. Thus the
procedure for forming the [DMEALLH catalyst presented above was followed to form
the catalyst composition{s) having the stoichiometry of {[PCALGH (wherein the PCA
is 2-piperidino-2-butanol). Hence, the catalyst was formed from: 2-piperidino-2-butanol
0.0631 mole and 0.0950 mole of #-butyllithiom in a solvent mixture comprising 10%
20 ethylbenzene and 90% cvclohexane (fresh solvents). At the end of the initial catalyst
forming step the H: pressure had increased from 23 to 26 PSIG before decreasing to 26
PSIG while the temperature increased from 37.6°C to 40.9°C {6 minutes since starting
the butyllithium charge). After completion of the line flush, the pressure was increased

to 45 PSIG with a temperature of 39.8°C. The jacket temperature was set to 85°C. At

[}
L

about 48 minutes the temperature was 75.2°C and the pressure was S1 PSIG.

{0191] The catalyst was aged at 75.2°C and 47 PSIG for 3 more minutes and then vented
to O PSIG. The reactor was then recharged with 700 standard cm® of hydrogen warmed
to 83 4C (95-160 °C on jacket) over a 39 munutes resulting mn a pressure of 10 PSIG while
stirring at 1060 RPM. The butadicne feed, 420 g (7.78 mole), was initiated feeding to the
30 headspace of the reactor. The pressure mcreased to 43 PSIG while the temperature
increased from 85.5°C to 94 2°C during that first 20-nunute period. After 2 minutes of
feed time, the valve from the hydrogen mass flow meter (80 SCCM) to the reactor was
opened causing the autogenous pressure to build from 10 to 43 PSIG. Butadiene was fed

for a total of 122 minutes with reactor pressure lining out at 43 PSIG and temperature at
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95.6°C. After 122 minutes the butadiene feed was complete, and the hvdrogen feed was
then stopped, and the reaction mixtare was left to stir at 1660 RPM for 42 more minutes
unti the reaction was deemed completed — final reactor pressure of 5 PSIG. A total of
10,836 std. em® of hydrogen had been charged, initial charge and hydrogen co-fed. The
reaction temperature peaked at 96.3°C at about 21 minutes with the pressure having
peaked at 49 PSIG.

{6192] After the standard work up procedure and solvent strip (WFE 115°C 20 mmHg)
a clear colorless liguid polymer (396 g 94.3%) was obtained. GPC analysis (Resipore
Columns 30% 1,4-BD standards} was as follows: Ma = 1060, Mw = 1646, Mz = 2458,
standard deviation = 788; asymmetry = 2.293, The deeper vacuum emploved (WFE) in
carlier Examples reduced the residual ethylbenzene to 0.20 wt % by 'HNMR analysis.
{8193} Examples 64 and 65 are representative of Examples 61, 62 and 64-81wherein the
totalizer function of the hydrogen gas mass flow meter was utilized. For Example 64,
360 g of butadiene was co-fed with Hz (65.8 SCCM) over 140 mimutes to a reactor
initially charged with 250 std. cm® Ha such that the preset charge of 9450 std. em’ ¥ (23
mole butadiene per mole Ha) was achieved at the end of the co-feed. For Example 64,
376 g of butadiene was co-fed with Hu (122 SCCM) over 201 munuies to a reactor mitially
charged with 472 std. em® Hz such that the preset charge of 25,000 std. om® Mz (9.67
mole butadiene per mole Hh) was achieved at the end of the co-feed.

{81%4] The experimental details of Example 63 are representative of said Examples and
1s presented. Accordingly 576 g of butadiene was co-fed with hydrogen to a reaction
medium comprising a catalyst formed from: Z-piperidino-2-butanol 0.083% mole and
0.1259 mole of n-butylithium and solvent mixture made of 70% ethylbenzene and 30%
cyciohexane {fresh solvents). At the ond of the mutial catalvst forming step the He
pressure had ncreased from 24 o 29 PSIG without decreasing while the temperature
increased from 37.7°C to 42.5°C (9 minutes since starting the butvilithium charge}. After
completion of the line flush, the pressure was increased to 45 PSIG with a temperature
of 39.8°C. The jacket temperature was set to 98°C. At about 80 minutes the temperature
was 91.5°C and the pressure was 54 PSIG.

{0195] The catalyst was aged at 90°C and 54 PSIG for at least 40 minotes. At 80 minutes
sinee the mitial charge of butyllithrum the reactor was vented to G PSIG. The reactor was
then recharged with 472 standard cm® of hydrogen warmed to 94 4C (105 °C on jacket)
over a 10 minufes resulting 10 a pressure of 3 PSIG while stirring at 1060 RPM. The

butadicne feed, 376 g (10.65 mole}, was initiated feeding to the headspace of the reactor.

&7
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The pressure mncreased to 26 PSIG while the temperature ncreased from 94.4°C to
99.5°C during that first 20-mimite period. After 9 minuates of feed time, the valve from
the hydrogen mass flow meter (122 SCCM) to the reactor was opened causing the
autogenous presswre 1o build from 6 to 26 PRIG. Butadiene was fod for a total of 205
minutes with reactor pressure lining out at 29 PSIG and temperature at 98.8°C. After 205
minutes the butadiene feed was corplete, and the hvdrogen feed stopped automatically
at cxactly 25,000 std. co® and the reaction mixture was left to stir at 1066 RPM for 40
more minutes until the reaction was deemed completed — final reactor pressure of 3 PSIG.
A total of 25,000 std. cm® of hydrogen had been charged, imtial charge and hydrogen co-
fed. The reaction temperature peaked at 99.8°C at about 21 minutes with the pressure
having peaked at 27 PSIG with pressure bnlding slowly to 30 PSIG over the course of
the run. The reaction pressure and temperature profile for Examples 63-65 are attached
as Figure 11

{0196] Afier the standard work up procedure but emploving formic acid in the acid wash
and solvent strip (WFE 115°C 12 mmHg) a clear colorless liguid polvmer (520 g 90.3%)
was obtained. GPC analysis {Resipore Columns 50% 1,4-BD standards} was as folows:
Ma =799, Mw = 1101, Mz = 1506, standard deviation = 491; asviometry = 1,994, with
residual ethylbenzene of .39 wt.% by ‘HINMR analvsis.

{8197] Comparative Examples: Seven (Comparative Examples 1-7) of commonly
available commercial liguid BR samples were analyzed by FT-IR, NMR, Brookfield
Viscosity, DSC and GPC; the resulis of which are presented in Table XVIL

{0198] Accordingly the compositions thereof and producible by the LOXSH catalysts
and hydrogen mediation process of this disclosure are novel and inherently provide very
fow viscosity and Ty values at a given My, while maintaining intermediate to very high
total vinyl content with high vinyi-1,2-/VCP ratios. Liguid BRs having those unigue and

valuable combination of characteristics hereiofore have never been available.



8089 WO

PCT/US2021/048684 "~

WO 2022/051376

%7805 VTR %79 67 2%E89 dit'e
%7l €1 %%e0 1T %LV 6 %%l dI-7’1
YN YN APSODSIA
%9166 %%8L 9% AT %8 ET dusrdost og ofo
SALEY 04TT €1 %L €T 2,91°9L ) SUBLAIS W, B[O
vyl £9¢'1 C67'1 01 S00 1 /F0WouoW S5J0W
P< LG %97 08 %8E LY %8591 SuIdOSIS[Og 9% 1
Yl T %yl 8l %19 1¢ 9%]1'78 QUAIAISATOF 94 1M
£€6'C LEET 9077 SHO'7 o'
113
g 0EET 89 o
Pl 9£8'1 §Y9'1 ‘ad
181 S5y 1207 W
€61l 1097 o1 "W
9738 SSpi €68 "W
%P T8 %< 68 240'€6 FOWOUOUS U0 v, PIRIA
00t 9'96¢ oYL 005k 3 “ppots soudjod
JTINH {J1d0>-SIIVINH (J1JOo-SDVINH {J1doo-SHVINE HISOY 1IP0I
%690 %090 A %800 A opru)y 1 easxdosy 94 am
%0 001 % L8 %0 08 %0 07 9% 2ot
%0001 % 18 %6 7L EARA1 o, 18
00LT 519¢ (€87 1’39 (8) euordosy
9500 %0'¢1 2002 24008 9, s[ow
%00 %9'81 %T'LT %668 o IM
00 578 0501 oLt (9) cuzriyg
LYo 9¥00 ve00 Gh00 Ajuefopy Ropeamby iy ey
6751 758! LO9T 0751 v 9fout Aunnyy dfo
010'v 160'F 0E0'y 200'F () swnrpouRgIe[yIowIy
1A% -y vy vy VY 18A7eR)D
¥ £ z i spdurexy
[



PCT/US2021/048684

ol ¥9 ol 19 o5 19 05 19 019 0& 19 ot 69 0§ 19 o0& 19 oS 19 ot 19 0519 Cho WY L,
o6 GT6S  oF6S LS oI9S 6WE W9TS QLTS SES 8TE 005 0TS gy Ma%mww
(A el €11 S¥l ¢l [l vl o<t 281 1R VN YN “HOION
“ ¢ v 27 ¢ b . > g / oundos] O[Oy
e - . - . . o o . : . usS0IpAL]
THTO SIT0 OVTO 6810 00T0  £CTO  €0TG 6810  SPLO 8410 YN VN sojout
68LY they LYOb ¥ROL §19%3 0L8¢ 60¥¢ 780t 1307 (0¢87 QELE 67LE [EICL (U0 PIS
, . . . . S e R - poayg

vo0t feri $LYS L9 YL 296 ERAN L7701 769 £v6 ¢y evdl T} 3O ouLL
g'¢cy 0L 009 (RS ey 00y (AN 0'0¢ 0°0¢ 0'G¢ g0t 0'0¢ W308
CBC £09 8LT 187 6'LT 6'LT §'LT 767 6'LT £Le LT L7 {uTar) posyj
Yo /E)

91’ o0f 799 T9Y 7YY TY9  TO9  T99 799 1O 199 799 umm@“ammm
0<Tl 0°¢91 008 0¢L °06 0¢Tl 0°0¢1 0'5¢l 0001 {O71 3¢9l 0791 (A} 1 uxy

0'60L 0009 GO0VE 00071 000TT 0°0GZL O00T1 070071 0007 06T YN GADOS) 1w

[y 997 0LZ €L Wt (494 (44 £8°¢ LT 997 P suardost afow
e3t OI8T  OPSD 098D O'¢8T 0¢8T O'C8T  O¢et 0¢8T  OI8T 008D 0°0BI {3} sunidosy
LBEO0  H9EO'0 9LSOD  pOC0 $96¢0°0 60500 99500 69¢00 8950°C 99500 99500 IBCOO AIUBIOW HUT
goer't 00051 890CT 00091 000D 18Z¢T <0OST 00091 0001 00081 60V T 00091 Wd spou

%669 %OGT %ECY W08 %00L %OTVL %001 %leL  %0eL %008 %001 ebvvL YV % oW
006’0 0681 9571 19671 pe'l  TPUT 0000 6111 6IT'l 0T 0000 09¢T (%) e
I-¥d VY 1-v¥3 i-vd -va I"vd  QuoN I-vd I-va ¢¥d  PUON  §-¥H YYIOvVH
eete 16t Lebe L6 BEY'E  TURE  L6YL [t6'e iz Iotb  I¥l¢ fvi'e (%) um
-vY Ty 1wy Y vV vy Yy Yy TV T-vv -y VY YV Nd

91 ! ¥i £l cl Il Of 6 3 L 9 ¢ spdurexy

H QML

WO 2022/051376

GeSh e 0T 5t %¥6 07 %56 06 -



PCT/US2021/048684

WO 2022/051376

SUSZUBGAYLT
Y0 001 CLO i8°0 9¢'¢ TP L 60 eLG LY L0 91t ol [Enpissy
Yo
£y ie Ve gL 64767 88°LT 29°67 Le gehE £9°¢¢ £01E 99'0¢ Loge e div'1 %
SN A B3N L9y eley  OFSY LTer LLeS €7 ¢S 9¢'6r  6L8Y £LZ8 1475 di-5'¢ %
6'0C PoTI yeve £E8C  P6'ET 1061 <9It Pl el LT61 £¢0T COvl 78 d7 1%
0001 07001 §001 0001 0°001 0001 0001 666 5666 1666 06°66 8L°66 AHM@MWM
‘ SO , S . ‘ . _ . A suis
600 000 00’0 60°0 000 WG 000 o0 SR 60°0 01'e 776 o, afow
09%'1 IeP'T 09%'1 6SF1 797’1 SCHE LSYT 65¥' [ Pevl 6571 XS 1 Porl Foo1/safo
. ) . o ) B o B . o ) i sussdosidjog
97 66 30'66 vl 66 6166 66 9686 65066 0766 ¢886 91’66 69'86 7986 .o\.\ctes
O09'C 8097 61LC 08¢C  Pee'l 79T e¥s¢T 6v87 88y ¢ 0 AV AN e Anoumudsy
LETE LETT LS7T LTV pesl el 0171 9£6 8L6 9Igl 90¥1 118 ?mﬁmﬁwm
g6l L6t 490°C L30T £77 91T cig'l 7861 881 9961 L7067 GVLT G
QELE 0cTy S1iv (1999 AR 179¢€ €61t iele ity [65¥ LLET PT9L N
LT 3354 6ERT (0E6¢ 6L0¢ et L8 £961 ££97 718¢ 6691 8807 A
6LEE 17zl 0LET 1oLt izl 911 OLG SL0T el L3€1 LE6 <901 A
) o ) o ) ) ) . ) ) o 5 ISLROUOLH
<83 1'6% Ve 3E6 806 006 £08 8'8L 006 %068 6'¢8 898 w0 v, Ptk
8¢9 191 GOLE SYLL 0891 RO oeed ¢Lst S 091 01t (4191 8 didnH
L1%% £EE9 8581 (80zT  0TTTY IRRAS 0017 BEPE 0STE1 £8L6 Y49 009¢ d2 Ansossip
69 T6d S o 0LE S 66 £ee 8ien L ey 3% 8Te 5L
6'69 3001 IS 3’59 004 YL 0001 sl (IR 008 8601 bl ¥Y % 21O
-va A -¥4d -va -¥d IR} U] -vg -vi oVHE JUON S G| LA LG
=YY vy 1A VY =¥V vy VY eYY I-¥Y 1A -¥v VY YV
=18 a1 [ €7 Z1 it o1 & g L g S sjduexy
AT SI9EL

7



WO 2022/051376 PCT/US2021/048684
Table V
Example 17 18 19 20 2%
Catalyst Aminoalcohol (PM) AA-B AAZT AA-LS AAGE AA-14
moles 0.0588  (.03588 0.0588  0.05883 0.0588
Temp Catalyst Formed , °C 29-31 30-33 30-33 21-26 21-25
mole lithium / mole PM 15000  1.6157 14990 14990 14989
Mole of isoprene / mole catalyst 177.4 1399 1837 91.6 851
Tnittal LiH Equivaient Molarity 0.0566  0.0693 00565 (0.0565  0.0365
Temperature, °C 68-72 76 71-73 78-85 85-92
Isoprene (g} 355.0 345.0 367.0 183.0 170.0
moles 521 5.07 539 2.69 2.50
vol, ml 522 307 540 269 250
feed rate ml/min 4780 4780 4 780 3.300 2.540
Time of {soprene Feed (min.) 109 106 113 82 98
Total Rxn Time (min) 210 275 240 193 19§
Ininial Ho charge (std. cm?} 900 00 900 900 SO0
Time of Ha feed (min.) 188 192 198 126 127
H: Feed Rate (SCCM) 375 398 439 281 250
Std. om® Ho 7950 8350 9594 4572 4072
mole Hz 30.180 0.186 0.218 0.103 0.108
mole monomer / H 28852 27193 24680 25704  23.029
Viscosity, cP 742 7325 550.0 3167 633
Te (°C) -74.17 -51.12 ~76.06 <-80 -76.87
M cale 12,067 517 12,492 6230 5,788
Efficiency 714% 496% 823% 451% 343%
Theoretical yield 355.¢ 3450 367.0 183.0 170.0
polymer vield, g 29006 32600 32600 14058 149.00
yield % on monomer 81.7%  94.5%  888%  T6.8%  B87.6%
Ma 1353 1595 1170 1071 1330
Muw 3244 3639 2702 2250 2971
M 5415 6125 4586 3305 4953
P 2.398 2.282 2309 2101 2.234
Cn 1600 1806 1338 1124 1477
wiis 2.665 2.700 2.884 2.737 2.639
1,2-1P 2.857 6.672 2.572 2.319 1.703
34-1P 22269 47436 24072 19636 20479
1,4-1P 74875 45892 73357 78045  T7.818
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Table VI
Example 22 23 24 25
Stock Solution A A A B
Catalyst (PM) AA-1 AA-1 AA-1 AA-G
Wi.% [PMIK 1.982% 1.982% 1.982% 7.950%
Wit.% [PM]Ls 1.508% 1.508% 1.508% 0.000%
g;};’;’bﬁjzfi)@“ 96.51% 96.51% 96.51% 85.81%
Charged Stock Solution {g) 93.58 46,79 46.79 16.67
[PMIK (g) 1.85 0.93 0.93 1.33
[PMIK (mole) 0.01458 0.00729 0.00729 0.01042
[PMILi (g) 1.41 0.71 0.71 0.00
[PMIL1 {mole) 0.01484 0.00742 0.00742 (.00000
Alkali Metal {mole) 0.0294 0.0147 0.0147 0.0104
Amincalcohol PM (stock, ) 2.622 1.311 1311 2.533
Aminoalcohol PM (added, g} 2.617 1.308 1.308 1.041
moles 0.0254 0.0147 (0.0147 0.0117
Total Aminocalcohol PM () 5.239 2.619 2.619 3.574
moles 0.0588 0.0294 0.0294 0.0256
Catalyst (PA) none none none EA-1
ether alcohol () 0.000 0.000 0.000 0.554
moles (3.00000 0.00000 0.00000 0.00728
mole Y% Aminoalcohol 100.0% 100.0% 100.0% 77.4%
Hydrogen Feed Rate (SCCM) 70.1 78.6 78.6 78.6
mole Hydrogen 0.167 0.196 0.197 0.180
mole monomer / Hydrogen 15.452 13.781 13.781 13.781
Temp Catalyst Initially Formed 23 23 23 23
Temperatuore, °C 60-35 33 35 45-35
RPM 1000 1000 1000 1000
Solvent EB EB MeCH MeCH
vol, mi 340 340 340 340
CH g (or MCH) 0.0 0.0 285.6 285.6
Solvent Ethylbenzene Wi% 100.0% 100.0% 0.0% 0.0%
Fthylbenzene g 285.60 285.60 0.00 0.00
total Solvent vol, mi 499 499 499 499
Total EB wt.% 93.8% 93.8% 5.4% 5.4%
Solvent EB+CH EB+CH EB +Me(CH BB +Me(CH
Wt of Solvent {catalyst) 135 135 135 135
Solvent Ethyibenzene Wit §3.0% 83.0% 17.0% 17.0%
vol, mi 159 139 159 159
n-Butyllithiom, M 20 2.0 20 212
73
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Example 22 23 24 25
voi, mi 2539 14.69 14.6% 19.27
moles 0.0588 (.0294 0.0294 0.0385
Mass of solution g 22,820 11.410 11.410 14.110
neat mass, g 3.77 1.88 1.88 2.47
mole Alkali Metal/ mole PM 1.5006 1.5008 1.5008 1.5190
{soprene 175.5 184.0 185.0 169.0
moles 2.58 2.70 2.72 2.48
vol, mi 258 271 272 249
feed rate ml/min 478 4.78 4.78 478
time of feed, min 54.01 56.62 56.93 52.01
feed rate g/min 3.250 3.250 3.250 3.250
XP- 9951111 9951-114 9951-116 9951-119
Viscosity, cP 366.7 117S 3900 8100
Te (°C) ~68.21 ~63.92 -52.36 -51.55
Mol@i Monomer / Saline 8759 183.61 184.61 148 34
Hydride
MuTheory 5058 12488 12555 10089
Efficiency 693% 1027% 765% 556%
Theoretical yield 175.5 184.0 185.0 169.0
polymer vield, g 169.04 167.67 168.71 151.21
vield % on monomer 96.3% 91.1% 91.2% 89.5%
Mn 586 928 1324 1463
M 1147 1820 2995 3850
M. 1992 3018 5103 7117
P 1.924 1.861 2.262 2.632
Standard deviation 573 910 1487 1862
Asymmetry 2.981 2.649 2.773 3.314
1,2- 12.8% 14.2% 12.9% 16.2%
3,4-10 40.4% 42 4% 42.5% 40 7%
1,4-19 46.8% 43.3% 44.6% 43.1%
W1t.% EB {(incerporated) 4.91% 1.38% 0.44% 0.36%
% of Chans w/ EB CTA 27.6% 12.1% 5.5% 5.0%
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Table VII
Example 26 27 28
Stock Solution C C A
Catalyst (PM) AA-G AA-6 AA-1
Wit.% [PMIK 4.726% 4.726% 1.982%
Wit.% [PM]Ls 3.869% 3.86%% 1.508%
Wt.% solvent (as Ethylbenzene} 91.41% 91.41% 896.51%
Charged Stock Solution {g) 27.69 27.69 46.79
IPMIK (g) 1.31 131 0.93
[PMIK (mole) 0.01028 0.01028 0.00729
[PMILi {g) 107 1.07 071
[PMILi (mole) 0.01127 0.01127 0.00742
Alkali Metal {mole) 0.0216 0.0216 0.0147
Aminoalcohol PM (stock, g) 3.087 3.087 1311
Aminoalcohol PM (added, g) 1.017 1.017 1.308
Moles 0.0114 0.0114 0.0147
Total Aminoalcohol PM (g) 4.104 4104 2.619
Moles 0.0287 0.0287 0.0294
Catalyst (PA) MeOE MeQOE Me(OE
ether alecohol (g) 0.347 0.547 0.000
Moles 0.00719 0.00719 {3.00000
mole Yo Aminoalcohol 79.9% 79.9% 100.0%
Hydrogen Feed Rate (SCCM) 78.6 78.6 90
Std. em® 3144 3458.4 2358
mole Hydrogen 0.139 0.153 0,104
mole monomer / Hydrogen 15.0 151 222
Temp Catalyst Initially Formed 23 23 23
Temperature, °C 35 35-40 42
RPM 1000 1000 1000
Solvent CH CH CH
vol, mi 340 340 340
CH g {or MCH) 2836 285.6 285.6
Solvent Ethylbenzene Wi% 0.0% 0.0% 0.0%
Fthylbenzene g (.00 0.00 0.00
total Solvent vol, mi 499 499 499
Total EB wt% 5.4% 5.4% 5.4%
Solvent EB +CH EB +CH EB +CH
Wt of Solvent (catalyst) 135 135 135
Solvent Ethyibenzene Wit 17.0% 17.0% 17.0%
vol, mi 159 159 159
n-ButyHithiom, M 212 212 212
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Example 26 27 28
vol, mi 15.23 15.23 15.23
moles 0.0305 0.0305 (.0305
Mass of solution g 11153 11.183 11.410
neat mass, g 1.95 1.95 1.95
mole Alkali Metal/ mole PM 1.4514 14514 1.5375
Butadiene 112.0 125.0 125.0
moles 2.071 2311 2311
vol, mi 0 0 {0
time of feed, min 450 60.0 40.0
feed rate g/min 2.489 2.083 3.128
XP- 0951123 9951-119 9951-128
Viscosity, ¢P 725.0 608.3 7333
Te (°C) <80 <80 <80
Mole Monomer / Saline Hydride 12798 142.84 146,32
Mat heoty 8705 9715 9951
Efficiency 761% 825% 785%
Theoretical yield 112.0 125.0 125.0
polymer vield, g 93.30 115.20 118.26
vield % on monomer 83.3% 92.2% 94.6%
Ma 1144 1172 1268
% B 2396 2370 2509
My 4852 4494 4515
Py 2.084 2.022 1.979
Standard deviation 1197 1185 1254
Asymmetry 4018 3.568 3.212
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Table VI
Example 29 30 31 32 33
Catalyst (PM) AA-1 AA-6 AA-§ AA-5 AA-6
moles 0.0470 0.0588 0.0587 0.0588 0.0441
Catalyst (PM) EA-S None None None HA-1
Moles 0.01i8 0.0000 0.0000 0.0000 0.0150
mole % 80.0% 100.0% 100.0% 100.0% 74.6%
Aminoaleohol
Temp Catalyst 2025 2025 36-39 20-25 21-26
Formed
mole Li/ mole PA 1.5006 1.5001 1.5031 1.5000 1.4922
BD / Catalyst 83.6 86,1 73.6 783 70.6
:2&1 Solvent vol, 475 475 75 475 475
Trutial LiH
Equivalent {.0566 {.0566 0.0568 {.0566 0.0560
Molarity
Temperature, °C 73-76 81-91 80-86 75-80 73-75
BD Feed (min}) 27 40 27 20 27
Total Rxn Time 35 100 75 60 50
H Charge (std. 0 900 960 900 900
cm?)
Time of Hy co-feed 23.0 26.5 19.0 12.0 15.0
iggikﬁw 66.7 31.8 45 66.7 66.7
Std. em® Hy 1534 1743 1755 176G 1901
mole Hz (.068 0.037 (.038 0.035 0.044
mole BB/ Ha 36.4 33.0 281 30.7 2473
Mo cale 4,515 4,654 3,974 4230 3,784
Efficiency 387% 451% 376% 304% 302%
Theoretical yield 133.0 137.0 117.5 124.5 110.2
poiymer yield, g 125.66 125.66 96.49 110.37 98.37
yield % on 94.5% 91.7% 82.1% 88.7% £9.3%
My 1204 331 1202 1393 1251
Miw 1885 1235 19495 24877 2047
M. 2664 1650 3068 3785 3188
PDa 1.574 1.402 1.663 1.778 1.636
Standard deviation 912 558 979 1229 998
Asymmetry 1.75 1.65 2.33 2.18 2.48
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EMBODIMENTS
{0199} Additionally or alternately, the disclosure can include one or more of the following
embodiments.
{62060] Embodiment 1. A process for polymerizing conjugated dienes in a hydrocarbon reaction
medium, including chemically adding a hithium alkoxide complexed saline hydride LOXSH
catalyst to a low boiling conjugated diene to form a polymerization initiating species, co-feeding
at least two gaseous and/or volatile compounds to the reaction medium, wherein the at least two
easeous and/or volatile compounds comprise hydrogen and the low boiling conjugated diene, and
polyvmerizing at least a portion of the conjugated diene, wherein the LOXSH reagent comprises
one or more G— polar roodifiers.
{0201} Embodiment 2. A process for hydrogen mediated polymerization of conjugated dienes in
a hydrocarbon reaction medium, including chemically adding lithium alkoxide complexed saline
hydride (LOXSH) catalyst to a low boiling conjugated diene to form a polymerization mitiating
species, and co-feeding at least two gaseous and/or volatile compounds to the reaction medium,
wherein the at least two gaseous and/or volatile compounds comprise hydrogen and the low boiling
conjugated diene, wherein the LOXSH catalyst comprises one or more 5— polar modifiers.
{8282} Embodiment 3. An LOXSH catalyst or reagent composition, wherein the composition 1S
selective for 1,4-CD monomer microstructure enchamment, and the composition comprises 1} at
{east one tertiary amino alcohol o polar modifiers having a 2° or a 3° alcohol functional group;
2y an orgavolithium compound; and 3} optionally elemental hydrogen and/or an organo silicon
hydride.
{0203] Embodiment 4. An LOXSH catalyst or reagent composition, wherein the composition 1s
selective for 3,4-CD and/or 1,2-CD-vinyl monomer microstructure enchainment, and the
composition comprises: a} at feast one tertiary aming alcohol o or amino-ether-alcohol polar
modifiers; b) optionally at least one separate ether-alcobol o—u polar modifiers; ¢} an organo
fithiom compound; and d} optionally elemental hydrogen and/or an organe silicen hydride.
18204} Embodiment 5. A hvdrogen mediated anionic poly{conjugated diene) composition that is
characterized as having: 1) number average molecular weight distribution Ma from about 500 to
about 2600 Daltons; 2) a Brookfield viscosity {(25°C) from about 20 to about 200,000 ¢P; 3) 1 4-
CD microstructure content from about 20% to about 85%; and 4) glass transition temperature Ty

from about -120°C to about -20°C.
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[8205] Embodiment 6. The processes, catalysts or compositions of one of the previous
embodiments, including co-feeding the low boiling conjugated diene and the hvdrogen m a pre-
set molar ratio to the polymerization reaction mixture over the course of at least a portion of the
entire co-feed wherein the reactor pressure adjusts autogenously to the condensed phase activity
of hvdrogen and of the conjugated diene at a relative steady state pressure and temperature. The
reactor pressure over the course of the process (the awtogenously generated reaction pressure) can
the result or product of some combination of the following: a} the relative feed rate of hydrogen to
monemer; b} the feed rate of reactants relative to catalyst concemtration; ¢) the reaction
temperature; d) the activity of a particular LOXSH catalyst; and e) the vapor pressure of the
reaction medium or solvent(s).

10206} Embodiment 7. The processes, catalysts or compositions of one of the previous
embodiments, wherein the relative feed of the conjugated diene {CD) monomer to hydrogen can
be from about § mole to about 42 mole CD/mole Ho; or wherein the relative feed rate of CD/Hz/unit
time 18 from about 0.0333 mole CD/mole Hy/mun to about 0.6667 mole CD/mole Ho/mun; or
wherein the relative feed of mole CD monomer to mole of saline hydnde (SH) s from about 70
mole to about 1000 mole CD per mole SH in the LOXSH catalyst; wherein the saline hydride (SH)
18 one or more of LiH, and/or NaH, and/or KH, and/or MgH: and/or CsH; or wherein the
conjugated diene comprises one or more of the following: butadiene, 1soprene, 2-methyl-1,3-
peniadienes (E and 2 isomers), piperviene; 2,3-dimethylbutadiene; 2Z-phenyl-1,3-butadiens;
cyclohexadiene, B-myreene; B-farnesene; and hexatriene;, or wherein the conjugated digne
comprises one or more of the butadiene and/or 1soprene.

[8207] Embodiment 8 The processes, catalysts or compositions of one of the previous

ernbodiments, wherein one or more o—i polar modifiers can be selected from one or more of the

structures:
OH
R—5—R-OH HO-R&5~R+-CH R“Z“CHz“"}TC’Hz“E“R
B!
I i1 1111
R & OH
OH
R""Z""CI'Iz““}T R HO=HC———CHyN._/
R

\

\

R f
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HC

VII VI X

wherein R is independently an alkyl group which may also be further substituted by other tertiary
amines or ethers, R! is independently a hydrogen atom or an alkyl group which may also be further
substituted by other tertiary amines or ethers, R? is {CHa)y—, whereiny =2, 3, or 4, T can include:
pOor NRfor I I 1, IV, and V ; 1) and for VI, VI, VIl and IX can include O or NR or CHa; n
15 independently a whole number equal to or greater than 0, and x 18 independently a whole number
equal to or greater than 1.

10208} Embodiment 9. The processes, catalysts or compositions of one of the previous
embodiments, wherein the hydrocarbon reaction mediuim can be a hydrocarbon solvent with a pKa
greater than that of Ha; or wherein the hydrocarbon reaction medium can include molecular
hydrogen and the partial pressure of molecular hydrogen can be maintained at pressures between
about 0.01 Bar to about 19.0 Bar; or wherein the autogenous reaction pressure can be between
about 0.01 Bar to about 19.0 Bar; or wherein the process can include a temperature and the
temperature is maintained between about 20°C to about 130°C; or wherein the molar ratio of the
total charge of monomer to saline hydride catalyst can be about 10:1 to about 10001,

10209] Embodiment 10 The processes, catalysts or compositions of one of the previous
embodiments, wherein the o—y polar modifier can be one more of N, N-dimethylethanolamine, 1-
{dimethylamino}-2-propanocl, 1-{dimethylamino}-2-butanol, frans-2-
(dimethviamino)cyclohexanol; Z2-piperidinosthanol; 1-piperidino-2Z-propancl, 1-piperiding-2-
butanol, rrans-2-piperidinocyclohexan-1-0l, 1-pyrrolidinoethanol, pyrrolidinylpropan-2-of, 1-(1-
pyrolidinyl}-2-butanol, 2-pyrohidinocyciohexanol, 4-methyl-1-piperazinesthanol, 1-{(4-methyl-1-
piperazinyl}-2-propanol; 1-{(4-methyl-1-piperazinyl}-2-butanol; rrans-2-(d-methyl-1-piperazinyl)-
cyclohexanol, Z-morpholinoethanol, 1-(4-morpholinyl}-2-propanol, 1-(4-morpholinyl}-2-butancl,

trans-2-morpholin-4-vicyclohexanol, 1-methyl-2-piperidinemethanol, 1-methyl-2-
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pyrrolidinemethanol,  dimethylaminoethanol, N-methyl-diethanolamine, 3-dimethylamino-1-
propanol, 1 3-bis{dimethylaming)-2-propansi, 2-{[2-dimethylamino)ethyljmethylamine} ethanol,
2-{2-{dimethylamingo)jethoxylethanol, 2-(2-{pipertdyliethoxy jethanol, 2-{2-{4~
morpholinylethoxy jethanol, 2-12-(1-pyrrolidinyethoxy jethanol, 2-2-{4-methyl-1-
piperazinyllethoxy]ethanol The processes, catalysis or compositions can further include one or
more 2-methoxyethanol, 1-methoxypropan-2-of, 1-methoxybutan-2-o0l, 2-methoxyeyclohexan-1-
ol, tetrahydrofurfurvl alcohol, tetrahydropyran-Z-methanol, diethylene glycol monomethy! ether

{0216} Embodiment 11. The processes, catalysts or compositions of one of the previous
embodiments, wherein the LOXSH catalyst includes between about 50 mole%s to less than 100
mole % of an tertiary amino-alcohol or a tertiary amino-ether-alcohol o—yu polar modifier selected
from one or more of NAMN-dimethylethanolamine, I-(dimethylamino)-Z-propancl, 1-
(dimethviamino)-2-butanol,  rans-2-(dimethylaminojcyclohexanol,  Z-piperidincethancl,  1-
pipertdino-2-propanol; 1-piperidino-2-butansi, trans-2-piperidinocyclohexan-1-ol, i-
pyrrolidinoethanol, pyrrolidinylpropan-2-ol, 1-{1-pyrolidinyi}-2-butanol, 2~
pyrolidinocyclohexanol, 4-methyl-1-piperazinesthanol, 1-{(4-methyl-1-piperazinyly-2-propanoi;
1-{(4-methyl-1-piperaziny)-2-butanol; trans-2-{4-methyl-1-piperazinyl}-cyclohexanol, 2-
morpholinoethanol,  1-{(4-morpholinvl}-2Z-propanol,  1-{4-morpholinyl}-2-butanol,  #rans-2-

morpholin-d-ylcyclohexanol, 1-methyl-2-piperidinemethancl, 1-methyl-2-pyrrolidinemethanol,

dimethylaminoethanol, N-methyl-diethanolamine, 3-dimethylamine-1-propanoc, 1,3-
bis{dimethylamins)}-2-propansl, 2-{[2-dimethylaminolethylimethyiamino} ethanol, 2-{2-
{dimethylamino)ethoxy jethanol, 2-(2~(pipenidyijethoxy)ethanol, 2-{2-(4-
morpholinyhethoxylethanol, 2-[2-{1-pyrrolidinyDethoxylethanol, 2-[2~-{4-methyl-1-

piperazinylJethoxy]ethanol; and from about 50 role% to greater than 0 mole% of an ether-alcohol
i polar modifier selected from one or more of Z-methoxyethanol, T-methoxypropan-2-ol, 1-
methoxybutan-2-0l, 2-methoxyceyclohexan-1-ol, tetrahydrofurfuryl alcohol, tetrahydropyran-2-
methanol, diethylene glycol monomethy! ether.

18211} Componenis referred to by chemical name or formula anywhere in the specification or
claims hereof, whether referred to n the singular or plural, are identified as they exist prior to
coming into contact with another substance referred to by chemuical name or chemical type (e.g.,
another component, a solvent, or etc.). It matters not what chemical changes, transformations

and/or reactions, if any, take place in the resulting mixture or solution as such changes,
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transformations, and/or reactions are the natural reselt of bringing the specified components
together under the conditions called for pursuant to this disclosure. Thus, the components are
identified as ingredients to be brought together in connection with performing a desired operation
of in forming a desired composition. Also, even though the claims hereinafter may refer to

[y

substances, components and/or ingredients in the present tense ("comprises”, "is", etc.}, the
reference 15 to the substance, component or ingredient as it exisied at the time just before 1t was
first contacted, blended or mixed with one or more other substances, components and/or
mgredients in accordance with the present disclosure. The fact that a substance, component or
mgredient may have lost i#s criginal identity through a chemical reaction or transformation during
the course of contacting, blending or mixing operations, if conducted in accordance with this
disclosure and with ordinary skill of a chenust, 1s thus of no practical concern.

{6212} Each and everv patent or publication referred to in any portion of this specification is
incorporated in roro into this disclosure by reference, as if fully set forth herein.

[8213] This disclosure 15 susceptible to considerable vanation in its practice. Therefore the
foregoimg description is not intended to lumit, and should not be construed as hinuting, the
disclosure to the particular exemplifications presented hereinabove.

[8214] It is to be understood that the embodiments and claims disclosed herein are not limited in
their application to the details of construction and arrangement of the components set forth in the
description and illustrated in the drawings. Rather, the description and the drawings provide
examples of the embodiments envisioned. The embodiments and claims disclosed herein are
further capable of other embodiments and of being practiced and carried out in various ways. Also,
1t 15 o be understood that the phraseclogy and terminology employed herein are for the purposes
of description and should not be regarded as limiting the claims.

18213} Accordingly, those skilled in the art will appreciate that the conception upon which the
application and claims are based can be readily utilized as a basis for the design of other structures,
methods, and systems for carrying out the several purposes of the embodiments and claims
presented in this application. It is important, therefore, that the claims be regarded as including

such equivalent constructions.
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We clain;
1. A process for polymerizing conjugated dienes in a hydrocarbon reaction medium,
COMPrising
a) chemically adding a lithium alkoxide complexed saline hydride LOXSH catalyst to
a low botling conjugated diene to form a polymerization inmtiating species,
by co-feeding at least two gaseous and/or volatile compounds to the reaction medium,
wherein the at least two gaseous and/or volatile compounds comprise hydrogen and
the low boiling conjugated diene, and
¢} polymerizing at least a portion of the conjugated diene,

wherein the LOXSH reagent comprises one or more o— polar modifiers,

2. A process for hydrogen mediated polymerization of conjugated dienes in a hydrocarbon
reaction mediom, comprising chemically adding hithium alkoxide complexed saline hydride
(LOXSH) catalyst to a low boiling conjugated diene to form a polymerization initiating species,
and co-feeding at least two gaseous and/or volatile compounds to the reaction medium, wherein
the at least two gaseous and/or volatile compounds comprise hydrogen and the low botling
conjugated diene, wherein the LOXSH catalyst comprises one or more o—yu polar modifiers.

3. The process of Claim 1 or 2 comprising co-feeding the low boiling conjugated diene and
the hydrogen in a pre-set molar ratio to the polymerization reaction mixture over the course of at
least a portion of the entire co-feed wherein the reactor pressure adjusts autogenously to the
condensed phase activity of hydrogen and of the conjugated diene at a relative steady state pressure

and temperature.

4. The process of Claim 1 or 2 wherein the reactor pressure over the course of the process
(the autogenocusly generated reaction pressure} 1s the result or product of some combination of the
following: a) the relative feed rate of hydrogen to monomer; b} the feed rate of reactants relative
to catalyst concentration; ¢} the reaction temperature; d) the activity of a particular LOXSH

catalyst; and e) the vapor pressure of the reaction medium or solvent(s).
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5. The process of Claim 1 or 2 wherein the relative feed of the CD monomer to hydrogen is

from about 5 mole to about 42 mole CD/imole Ho

6. The process of Claim 5, wherein the relative feed rate of CD/Ho/unit time 15 from about

0.0333 mole CD/mole Ho/min o about 0.6667 mole CDV/mole Ho/min,

7. The process of Claim 1 or 2 wherein the relative feed of mole CD monomer to mole of
saline hydride {(SH} is from about 70 mole to about 1000 mole CD per mole SH i the LOXSH
catalyst; wherein the saline hydride (SH} 1s one or more of LiH, and/or NaH, and/or KH, and/or

Mgk and/or {sH.

8. The process of Claim T or 2 wherein the conjugated diene comprises one or more of the
following: butadiene, isoprene, 2-methyl-1,3-pentadienes (E and Z isomers}; piperylene; 2,3-
dimethylbutadiene; 2-phenyl-13-butadiene; cyclohexadiene; P-myrcene; p-farnesene; and

hexatriene.

9. The process of Claim 1 or 2 wherein the conjugated diene comprises one or more of the

butadiene and/or isoprene.

10, The process of Claim 1 or 2, further comprising copolymerizing anionically polymerizable

hydrocarbon vinylaromatic monomer with the conjugated diene.

1L The process of Claim 1 or 2 wherein the one or more o1 polar modifiers is selected from

one or more of the structures:

OH
ReTR-OH HO-R-~R&-OH R“E“"CI'I;.—*TCH;_“‘Z“R
1%
i 1l HI

OH

HO~~HC~~CHy~N

OH
R“‘Z‘“Cﬁl—%R
H

R
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HC

Vil VI X
wherein R is independently an alkyl eroup which may also be further substituted by other tertiary
amines or ethers, R is independently a hydrogen atom or an alkyl group which may also be further
substituted by other tertiary amines or ethers, R? is {CHa)y—, whereiny =2, 3, or 4, T can include:
Oor NRfor I I, L, IV, and V ; it} and for VI, VII, Vill and [X can include O or NR or CHo; n
1s independently a whole number equal to or greater than 0, and x is independently a whole number

equal to or greater than 1.

12, The process of Claim 1 or 2 wherein the hydrocarbon reaction medium s a hvdrocarbon

solvent with a pK, greater than that of Hu.
13. The process of Claim 1 or 2 wherein the hydrocarbon reaction medium includes molecular
hydrogen and the partial pressure of molecular hydrogen is maintained at pressures between about

0.01 Bar to about 19.0 Bar.

14, The process of Claim 3 or 4, wherein the autogenous reaction pressure is between about

0.01 Bar to about 19.0 Bar.

18. The process of Claim 1 or 2 wherein the process includes a temperature and the temperature

15 maintained between about 20°C 1o about 130°C.

16, The process of Claim 1 or 2 wherein the molar ratio of the total charge of monomer to

saiine hydride catalyst is about 10:1 to about 1000:1.
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17. The process of Claim 1 or 2, wherein the saline hydride catalyst 18 a one or more of 1)

LOXLiH reagent; 2) LOXNaH reagent; 3) LOXMgHz; and/or 4) LOXKH reagent.

18. The process of Claim 1 or 2, wherein the o—u polar modifier 15 one more of NN-
dimethylethanolamine, 1-{dimethyiamino}-2-propancl, 1-(dimethylamino)-2-butanol, frans-2-
{dimethylamino)eyclohexanol, Z-piperidinosthanc!,  1-piperidino-2-propancl, 1-piperidine-2-
butanol, frans-2-piperidinocyclohexan-1-ol, T-pyrrohdinoethanol, pyrrohdinylpropan-2-of, 1-(1-
pyroliding)-Z-butanol, 2-pyrohidinocycichexanol, 4-methyl-1-piperazinesthanol, 1-{(4-methyl-1-
piperazinyi}-2-propanocl; 1-{4-methyi-1-piperazinyl}-2-butanol; frans-2-(4-methyl-1-piperazinyl}-
cyclohexanol, Z-morpholinoethano!, 1-(4-morpholinyl}-2-propanoc!, 1-(4-morpholinyl}-2-butanol,
trans-2-morpholin-4-ylcyvclohexanel, 1-methy-2-piperidinemethanol, 1-methyl-2-
pyrrolidinemethanol, dimethylaminoethanol, N-methyl-diethanolamine, 3-dimethylaming-1-
propanol, 1,3-bis{dimethyiamino)-2-propansci, 2-{[2-dimethylamino}ethyljmethylaming} ethanol,
2-{2-{dimethylamino)ethoxylethanol, 2-(2-{pipertdyl}ethoxyjethanol, 2-{2-{4~
morpholinyhethoxyjethanol, 2-12-(1~pyrrolidinyethoxy jethanol, 2-12-{4-methyl-1-

piperazinyllethoxylethanol

19. The process of Claim 18, further comprising one or more 2-methoxyethanol, 1-
methoxypropan-Z-ol,  1-methoxybutan-2-0l, 2-methoxycyclohexan-1-0l,  tetrahydrofurfuryl

alcohol, tetrahydropyran-Z-methanol, diethylene glycol monomethy! ether.

20, The process of Claim 1 or 2, wherein the LOXSH catalyst comprises

between about 50 mole%e 1o less than 100 mole % of an tertiary amino-aleohol or a tertiary anmino-
ether-alcohol ¢—p polar modifier selected from one or more of N N-dimethylethanolarne, 1-
(dimethvlamine)-2-propanc, 1-{dimethylamino}-2-butanol, trans-2-
{dimethylamino)cycelohexanol;, 2-piperidinoethancl; 1-pipernidino-2-propansi; [-piperidino-2-
butanol, frans-2-pipernidinocyclohexan-1-ol, 1-pyrrolidinoethanol, pyrrolidinvipropan-2-of, 1-(1-
pyrolidinyl)-2-butanol, 2-pyrohidinocyclichexanol, 4-methyl-1-piperazineethanol, 1-(4-methyl-1-
piperazinyl}-2-propanol; 1-{4-methyi-1-piperazinvl}-2-butanol; #rans-2-(4-methyl-1-piperazinyl}-
cyclohexanol, 2-morpholinoethanol, 1-{4-morpholinyl}-2-propanocl, 1-(4-morpholinyl}-2-butanol,

trans-2-morpholin-4-vicyclohexanol, i-methyl-2-piperidinemethanol, 1~-methyl-2-

938



(4

10

20

WO 2022/051376 PCT/US2021/048684

pyrrolidinemethanol,  dimethylaminoethanol, N-methyl-diethanolamine, 3-dimethylamino-1-
propanol, 1 3-bis{dimethylaming)-2-propansi, 2-{[2-dimethylamino)ethyljmethylamine} ethanol,
2-{2-{dimethylamingo)jethoxylethanol, 2-(2-{pipertdyliethoxy jethanol, 2-{2-{4~
morpholinylethoxy jethanol, 2-12-(1-pyrrolidinyethoxy jethanol, 2-2-{4-methyl-1-
piperazinylethoxylethanol; and from about 50 mole% to greater than 0 mole% of an ether-alcohol
o—it polar modifier selected from one or more of 2-methoxyethanol, 1-methoxypropan-2-oi, 1-
methoxybutan-2-ol, 2-methoxycyclohexan-1-ol, tetrabydrofurfuryl alcohol, tetrahydropyran-2-

methanof, diethylene glycol monomethy! ether.

21 The process of Claim 1 or 2, further comprising etther or both of a o type polar modifier

and/or a u type polar modifier.

22. An LOXSH catalyst or reagent composition, wherein the composition is selective for 1 4-
CD monomer microstructure enchainment, and the composition comprises 1) at least one tertiary
amino alcohol o—yu polar modifiers having a 2° or a 3° aleohol functional group; 2} an

organclithium compound; and 3} optionally elemental hyvdrogen and/or an organo silicon hydride.

23, The LOXSH composition of Claim 22 wherein the o— polar modifiers are selected from

at least one of the structures:

OH OH
R—% CHZ_%T R R 5~ CHy~ %—l---{ﬁf}ﬁ-){z ----- 7R
R’ R
B n
i1 Vi

OH

HO

VH v IX
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wherein R 15 independently an alkyl group which may also be further substituted by other tertiary
amines or ethers, R is independently a hydrogen atom or an alkyl group which may also be further
substituted by other tertiary amines or ethers, Z can include: 1) O or NR for 1 IV and V ; 1} and
for VI, VI, and IX can include O or NR or CHaz; n 18 independently a whole number equal to or

greater than 0, and x 18 independently a whole number equal to or greater than 1.

24, The LOXSH composition of Claim 22 wherein the o—u polar modifier includes one or
more of l-dimethylanuno-2-propavol, I-pipendino-2-propanol, 1-pyrrolidinyipropan-2-ol, 1-
morpholino-2-propanol, 1-{4-methyi-1-piperazinyl)-2-propanocl, 1-dimethylanmuno-2-butanol 1-
piperidino-2-butanocl,  I-pyrrolidinylbutan-Z-0l,  I-morpholino-2-butavol,  1-{4-methyl-1-
piperazinyl}-2-butanol, 2-dimethviaminocyclohexan-1-0l,  2-piperidinocyciohexan-1-0l, 2~
pyrolidinocvelohexanol, 2-(4-methyl-1-piperazinyi}-cvclohexanol, 2Z-morpholinocyclohexan-1-
ol, 1,3-bis(dimethylamino)-2-propancl with optional addition of one or move of 2-
methoxyethanof, 1-methoxypropan-2-oi, 1-methoxybutan-2-0l, 2-methoxyeyclohexan-1-ol,

tetrabydrofurfury] alcohol, tetrahydropyran-Z-methanol, diethylene glycol monomethyl ether.

25. An LOXSH catalyst or reagent composition, wherein the composition is selective for 3,4~
CD and/or 1,2-Ch-vinyi monomer microstructure enchainment, and the composition comprises:
a} at least one tertiary amino alcohol o—p or amino-ether-alcohol polar modifiers; by optionally
at least one separate ether-alcohol o——p polar modifiers; ¢} an organo hithium compound; and d})

optionally elemental hydrogen and/or an organo silicon hydride.

26, The LOXSH composition of Clai 25 wherein the o—y polar modifiers are selected from

at least two of the structures:

on
O HO-R-5—R-OH R*E‘“CHF{TCH;“E“R
I
1 11 11
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R & OH <
OH
RHZHCHQ_J]TR ;o HOme HC e N/
13
. 5 R AN / n
v v Vi

HO

Vi VHI X

wherein R 18 independently an alkyl group which may also be further substituted by other tertiary
amines or ethers, R! is independently a hydrogen atom or an alkyl group which may also be further
substituted by other tertiary amines or ethers, R* is {CHz v, wherein v =2, 3, or 4, Z can include:
HOor NR for I, I1, 111, IV, and V ; 1) and for VI, VII, VI and IX can include O or NR or CH2: o
is independently a whole number equal to or greater than 0, and x 1s independently a whole number
equal to or greater than T,

27. The LOXSH composition of Claim 25 wherein the oy polar modifiers of the reagent
comprises between about 50 mole% to less than 100 mole % of an terfiary amino-alcohol or an
tertiary amno-ether-alchol o—pu polar meodifier selected from one or more of 1) NAN-
dimethyiethanclamine, 1-(dimethylaming)-2-propansl, 1-{dimethylamino}-2-butancl, rans-2-
{dimethylamino)cyclohexanol, 2-piperidinoethancl, 1-pipenidino-2-propansi, 1-piperidino-2-
butanol, frans-2-piperidinocyclohexan-1-ol, 1-pyrrelidinoethanol, pyrrolidinvipropan-2-of, 1-(1-
pyrolidinyl)-2-butanol, 2-pyrohidinocyciohexanol, 4-methyl-1-piperazineethanol, 1-(4-methyl-1-
piperazinyl}-2-propanol; 1-{(4-methyi-1-piperazinvl}-2-butanol; #rans-2-(4-methyl-1-piperazinyl}-
cyclohexanol, 2-morpholinoethanol, 1-(4-morpholinvi}-2-propancl, 1-(4-morpholinyl}-2-butanol,
traps-2-morpholin-4-vicyclohexancl, i-methyl-2-pipertdinemethanol, 1-methyl-2-
pyrrolidinemethanol,  dimethylaminoethanol, N-methyl-diethanolamine, 3-dimethylamino-1-

propanol, 1,3-bis{dimethylamino)-2-propanci, 2-4[2-dimethylamuno)ethyljmethylamino} ethanol,
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2-[2-{dimethylamino)ethoxyiethanol, 2-(2~{piperidyjethoxy jethanol, 2-{2-{4~
morpholinyhethoxyjethanol, 2-12-(1-pyrrolidinyDethoxy Jethanol, 2-[2-{4-methyl-1-
piperazinyl)ethoxylethanol; and 1L} from about 30 mele%% to greater than 0 mole% of an ether-
alcohol o—yu polar modifier selected from one or more of 2-methoxyethanol, 1-methoxypropan-
2-0l, I-methoxybutan-2-0l, Z-methoxycyclohexan-1-ol, tetrahydrofurfuryl alcohol,

tetrahydropyran-Z-methanol, diethylene glycol monomethyl ether.

28, The LOXSH composition of Claim 25 wherein the ratio of total amuno-alcohol {AA) and/or
amino-ether-alcohol {AEA} to the total separate ether-alcohol (EE} o—u polar modifier (JAA

+AEALEA) s from about 91 to about 1:1

29, The LOXSH composition of Claim 25 wherem the ratio of total amino-alcohol (AA) and/or
amino-ether-alcohol {AEA) to the total separate ether-alcohol (EE) o—u polar modifier (JAA

+ABALEA) is from about 4:1 to about 2:1.

30. A hydrogen mediated anionic poly{conjugated diene} composttion that is characterized as
having. 1} nomber average molecudar weight distribution Ma from about 500 to about 2600
Daltons; 2) a Brookfield viscosity (25°C) from about 20 to about 200,000 ¢P; 3) 1,4-CD
microstructure content from about 20% to about 85%,; and 4) glass transition temperature Ty from

about -120°C to about -20°C.

31 The composition of Claim 30, wherein the composition is a hydrogen mediated
polyisoprene (HMPIP) distribution composition, the HMPIP having a number average (Wh,)
molecular weight from about 500 to about 2600 Daltons and having one of the following: 1) from
about 73 wt.% to about 80 wt.% 1,4-IP contents with a Brookfield viscosity (@ 25°C) that varies
as a function of My frorm about 30 ¢P at about 500 Daltons to about S000 ¢P at about 2600 Daltons
; or 2} from about 40 wt.% to about 73 wt.% 1,4-IP contents content with a Brookfield viscosity
(@ 25°C) that varies as a function of Ma over the range of about 200 ¢P at about 500 Daltons to
about 40,000 ¢P at about 2600 Daltons; or 3) from about 3¢ wi.% to about 54 wt.% 1,4-IP contents

and a Brookfield viscosity (@ 25°C) that varies as a function of Ma over the range of about 100
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cP at about S00 Daltons to about 200,000 ¢P at about 2600 Daltons; wherein the 1,4-IP contents s

determined by 'THNMR analyses.

32. The composition of Claim 31, further characterized as having glass transition temperatures
that varies as one of the following: 1) from about 73 wi.% to about 80 wt.% 1,4-1P contents having
a Ty that varies as a function of My, from about -106°C at about 500 Dalions to about -57° at about
2600 Daltons ; or 2) from about 40 wt.% to about 73 wt.% 1,4-IP contents having a Ty that varies
as a function of Ma from about -88°C at about 500 Daltons to about -35° at about 2600 Daltons;
or 3) from about 30 wt.% to about 54 wt.% 1,4-IP having a Ty that varies as a function of My over

from about -85°C at about 500 Daltons to about -20° at about 2600 Daltons.

33 The composition of Claim 30, wherein the composition is a hydrogen mediated
polybutadiene (HMPBD) distribution having a number average (M, ) molecular weight from about
500 to about 2600 Daltons and having one of the following: 1) from about 74 wt.% to about 84
wt.% total vinyl content with a Brookfield viscosity (@) 25°C) that varies as a function of Mn over
the range of about 45 ¢P at about 500 Daltons to about 30,000 ¢P at about 2600 Daltons; or 2) from
about 55 wit.% to about 73 wt % total viny] content with a Brookfield viscosity (@ 25°C) that
varies as a function of Ms over the range of about 50 ¢P at about 500 Daltons to about 8000 ¢P at
about 2600 Daltons; or 3} from about 30 wit.% to about 54 wt.% total vinyl content and a Brookfield
viscosity (@ 25°C) that varies as a function of Mu over the range of about 20 ¢P at about 500
Daltons to about 3000 ¢P at about 2600 Daltons; wherein the total vinyl content 15 determined by
C-13 NMR analyses having glass transition temperatures Tg from less than -120° to about -45°C

over the range of Ma = 500 to My = 2600,

34. The compostiion of Claim 30, further characterized by high vinyl content from about 74
wt. % to about 82 wi% {as determined by €-13 NMR analyses) wherein the: 1} number average
molecular weight distribution (Ma) 1s from about 500 to about 2600 Daltons; 2} Brookfield
viscosity (@ 25°C) is from about 50 to about 32,000 ¢P; 3) glass transition temperature Ty 15 from
about -95°C to about -45°C; and 4) molar ratio of vinvl-1,2-BD:VCP 15 from about 7:1 to about

15:1 (based on 'HNMR analysis).
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35, The composition of Claum 30, wherein the composition 13 a hyvdrogen mediated
polybutadiene (HMPBD) distribution having a high vinyl content from about 75 wt.% to about 82
wt. % (total vinyl confent as determined by C-13 NMR analyses) wherein the: 1} number average
molecular weight distribution (Mo} 1s from about 650 to about 2200 Dalions; 2} Brookfield
viscosity (@ 25°C) 1s from about 300 to about 11,000 cP; 3) glass transition temperature Tg1s from
about -84°C to about -50°C;

=2

14.5:1 (based on '"HNMR analysis).

and 4) molar ratio of vinyl-1,2-BD:VCP s from about 6.5:1 to about

36. The composition of Claim 30, wherein the composition is a hydrogen mediated
polybutadiene (HMPBD) distribution having an intermediate viny! content from about 33 wt.% to
about 70 wt.% (total vinyl content as determined by C-13 NMR analyses) wherein the: 1} number
average molecular weight distribution (M) 1s from about 700 to about 1600 Daltons; 2} Brookfield
viscosity (@ 25°C) 1s from about 95 to about 2000 ¢P; 3) glass transition temperature Ty is from
about -92°C to about -75°C; and 4} molar ratio of vinyl-1,2-BD:VCP 15 from about 4.5:1 to about

12:1 (based on 'HNMR analysis).

37. The composition of Claim 30, wherein the composition is a hydrogen mediated
polvbutadiene (HMPBD) distribution having a reduced vinyl content from about 30 wt.% to about
34 wit% (total vinyl content as determined by C-13 NMR analyses) wherein the: 1) number
average molecular weight distribution (M) is from about 750 to about 1600 Daltons; 2} Brookfield
viscosity (@ 25°C) 1s from about 80 to about 1000 ¢P; 3) glass transttion temperature Ty 1s from
about -1 06°C to about ~70°C; and 4} molar ratio of vinyl-1,2-BD: VTP is from about 3.3:1 to about

7:1 {based on "HNMR analysis).
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