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PHOSPHINYL GUANIDINE COMPOUNDS, METAL SALT COMPLEXES, CATALYST
SYSTEMS, AND THEIR USE TO OLIGOMERIZE OR POLYMERIZE OLEFINS

TECHNICAL FIELD

0001  This disclosure relates to N -phosphinyl guanidine compounds and metal salt complexes of
N-phosphinyl guanidive compounds. The disclosure alsoe relates to miethods of producing the N-
phosphinyl guanidine compounds and metal salt complexes of N -phosphinyl guanidine compounds. The
disclosure further relates to catalyst systems utilizing the N'-phosphinyl guanidine compounds, metal salt
complexes of N -phosphinyl guaniding compounds, and their use in the oligomerization or

polymerization of olefins.

BACKGROUND

{0002]  Olcfins are important items of commerce. Their many applications include employment as
intermediates in the manufacture of detergents, as precursors to more envircnmentally-friendly refined
oils, as monomers, and as precursors for many other types of products. An mportant subset of olefins are
alpha-olefins, and one method of making alpha olefins s via oligomerization of ethylene, which is a

catalytic reaction involving various types of catalysts and/or catalyst systems.

{6063}  Applications and demand for olefin oligomers (e.g., alpha olefins) continue to multiply, and
competition to supply them correspondingly ntensifies. Thus, additional novel and mproved catalysts

and methods for olefin oligomerization and/or polymerization are desicable.

SUMMARY
{0004]  In an aspect, the present disclosure s directed to an N -phosphinyl guanidine metal salt
complex comprising a metal salt complexed to an N™-phosphinyl guanidine compound; or alternatively, a
. 42 . Ly
chrovvum salt complesed to an N'-phosphinyl guanidine compound. o another aspect, the present
disclosure s directed to a composition comprising an N -phosphinyl guanidine metal salt complex
comprising a chromium salt complexed to an N -phosphinyl guanidine compound. In some
. o) . N - . -
embodiments, the N -phosphinyl guanidine metal salt complex can bave Structure MGul, Structure
MGu2, Structare MGuo3, Structure MGud, or Structure MGuS; or alternatively, can have Structure
CrGut, Structure CrGu?, Stmcture CeGu3, Structure CrGud, or Structure CrGus. o some embodunents,
where the metal salt is a chromium salt, the chromium salt can comprise a chromium(H}) carboxylate, a

chromium{H1) B-diketonate, or 8 chropum{IH) halide; or alternatively a chromiun{IH} halide.
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[0805]  In another aspect, the present disclosure is directed to a catalyst systern comprising an N'-
phosphinyl guanidine metal salt complex comprising a metal salt complexed to an N*-phosphinyt
guanidine compound and a metal alkyl compound; or alternatively, chromium salt complexed to an N™-
phosphinyl goamidine compound and a metal atkyl compound. In some embodiments, the metal alkyl
compound can be an alumimoxane. In some embodiments, aluminoxane can comprise methyl-
afuninoxane (MAQ), modified methylaluminoxane (MMAQ), ethylaluminoxase, n-propylaluminoxane,
iso-propylaluminoxane, n-butylaluminoxane, sec-butylaluminoxane, iso-butylaluminoxane, t-butyl
aluminoxane, [-pentylaluminoxane, 2-pentylaluminoxane, 3-pentylaluminoxane, iso-pentylalominoxane,
neopentylahamnoxane, and mixtures thereof; or alternatively, modified methylahmminoxane (MMAG). In
a further aspect, the present disclosure ts directed to processes of preparing a catalyst system conprising
contacting an N -phosphinyl gnanidine metal salt complex and a metal alkyl compound; or altematively,
contacting an N -phosphinyl guanidine chromium salt complex and a metal alkyl compound. In an
embodiment, the catalyst system can be aged in the substantial absence of an olcfin,

[8086] In vet another aspect, the present disclosure is directed to an oligomerization process

comprising a) contacting 1) an olefin, and it} a catalyst system comprising (a) an N*-phosphinyt guanidine
metal salt complex {or alternatively, an N'-phosphinyl guanidine chromium salt complex), and (b) a metal
atkyl compound {or alternatively, an aluminoxane), to form an oligomer product and b) recovering an
oligomer. In some embodiments, the catalyst system, the olefin, and hydrogen can be contacted to form
an oligomer product. In some embodiments, the olefin can comprise ethylene. In an embodiment where
the olefin comprises ethylene, the oligomer product can comprise a liquid oligomer product corprising
from 60 to 99.9 wt. % (g and Gy olefins. In another embodiment where the olefin comprises ethylene, a
Cs oligomer product can comprise at least 90 wt. % I-hexene; or alternatively, a Cy oligomer prodact

comprises at least 90 wt. % 1-octene.
DETAILED DESCRIPTION

Definitions

{8067]  To define more clearly the terms used herein, the following defimitions are provided. Unless
otherwise indicated, the following definitions are applicable to this disclosure. If a tecon s used n this
disclosure but is not specifically defined herein, the defuution from the IUPAC Compendinm of Chemical

nd

Terminology, 2™ Ed (1997) can be applied, as long as that definition does not conflict with any other
disclosopre or defimtion applied herein, or render indetimite or non-enabled any clam to which that

definition is applied. To the extent that any defuution or usage provided by any docament incorporated
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herein by reference conflicts with the definition or usage provided herein, the definttion or usage provided

herein controls.

[B0068]  Groups of elements of the Periodic Table are indicated using the numbering scheme indicated
in the version of the periodic table of clements published 1o Chemical and Engineering News, 63(5), 27,
1985, In some instances a group of elements can be indicated using a common name assigned to the
group; for example atkali metals for Group 1 oloments, alkaline earth metals for Group 2 elements,
transition metals for Group 3-12 elements, and balogens for Group 17 elements.

{B089]  Regarding claim transitional terms or phrases, the transitional term “comprising”, which is

35 &%

synonymous with “including,” “containing,” “having,” or “characterized by,” 15 mclasive or open-ended
and does not exclude additional, unrecited elements or process steps. The traositional phrase “consisting
of” excludes any element, step, or ingredient not specified i the clatm.  The transitional phrase
“consisting essentially of” limits the scope of a claim to the specified materials or steps and those that do
not materially affect the basic and novel characteristic{s) of the claimed invention. A “consisting
essentially of” claim occupies a nuddle ground between closed claims that are written in a “consisting of”
format and fully open clams that are drafied in a “comprising” format. Absent an indication to the
contrary, when describing a compound or composition “consisting essentially of” s not to be construed as
“comprising,” but is mtended to describe the recited component that includes materials which do not
significantly alter the composition or process to which the term is apphlied. For example, a feedstock
consisting of a material A can include fmpurities typically present in a commercially produced or
cormnmercially available sarople of the recited compound or composition. When a claim includes different
features and/or feature classes (for example, a process step, feadstock features, and/or product features,
among other possibilities), the transitional terms comprising, consisting essentially of, and consisting of
apply only to the feature class which s utilized and it 15 possible to have different transitional terms or
phrases wilized with different features within a claimu  For example, a process can comprise several
ectted steps (and other non-recited steps) but utilize a catalyst system preparation consisting of specific
or alterpatively consist of specific steps and/or utifize a catalyst systemn comprising recited components
and other non-recited components.

[8016] Wiule compositions and methods are descnibed in terms of “comprising” various components
or steps, the compositions and methods can alse “consist essentially of” or “consist of” the various
componenis or steps.

1801} The terms “a,” “an,” and “the” are intended, uniess specifically indicated otherwise, to include

plural alternatives, e.g., at least one. For instance, the disclosure of “a trialkylaluminum compound” s
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meant to encompass one trialkylabwvinum compound, or nuxtures or combinations of more than one

trialkylalumimim compound onless otherwise specified.

{0012} Herein, featores of the subject matter can be described such that, within particular aspacis
and/or embodiments, a combination of different features may be envisioned. For each and every aspect
and/or embodiment disclosed herein, all combinations of features that do not detrimentally affect the
corppounds, processes, and/or rmethods described herein are contemiplated with or without explicy
description of the particular combination. Additionally, unless explicitly recited otherwise, any aspect
and/or embodiment disclosed herein can be combined to describe inventive features of the present

application.

[8013]  For any particular compound disclosed herein, the general structure or name presented 18 also
wtended to encompass all structural isomers, conformational isomers, and stercoisomers that can arise
from a particular set of substituents, unless indicated otherwise. Thus, a general reference to a compound
mcludes all stroctural 1somers unless cxplicitly indicated otherwise; e.g., a general reference to pentane
includes n-pentane, 2-methyl-butane, and 2,2-dimethyipropane wihile a general reference to a butyl group
mcludes an n-butyl group, a sec-butyl group, an so-butyl group, and a tert-butyl group. Additionally, the
reference to a general structure or name encompasses all enantiomers, diastereomers, and other optical
isomers whether i enantiomeric or racenuce forms, as well as muxtures of sterecisomers, as the context
permits or requires. For any particular formula or name that s presented, any general formula or name
prosented also encompasses all conformational isomers, regioisomers, and stereoisomers that can arise

from a particular set of substiuents,

{6014 A chemical “group” is described according to how that group is formelly derived from a
reference or “parent” compound, for example, by the mumber of hydrogen atoms formally removed from
the parent compound to generate the group, even if that group is not hiterally synthesized in this manner.
These groups can be utilized as substituents or coordinated or bonded to metal atoms., By way of
example, an “alkyl group” formally can be derived by removing one hydrogen atom from an alkane,
while an “alkylene group” formally can be denived by removing two hydrogen atoms from an alkane.
Moreover, a more general term can be used o encompass a variety of groups that formally are derived by
removing any mumber (“one or more”) hydrogen atoms from a parent compound, which in this example
can be described as an “alkane group,” and which enconypasses an “alky! group,” an “alkylene group,”
and materials bave three or more hydrogen atoms, as necessary for the situation, removed from the
atkane. Throughout, the disclosure that a substituent, ligand, or other chemical moiety can constitute a

particular “group” implics that the well-known rales of chemucal structure and bonding are followed when
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that group 8 employed as described. Wheo describing a group as being “derived by,” “derived from,”
“formed by,” or “formed from,” such terms are used in a formal sense and are not intended to reflect any

specific synthetic methods or procedure, nnless specified otherwise or the context requires otherwise,

{B015]  The term “substituted” when used to describe a group, for example, when referring to a
substituted analeg of a particular group, 15 wntended to describe any noo-hydrogen mwoiety that formally
replaces a bydrogen in that group, and is intended to be nondimiting. A group or groups can also be
referred to herein as “unsubstituted” or by equivalent terms such as “non-substitited,” which refers to the
original group in which a non-hydrogen moiety does not replace a hydrogen within that group.
“Substituted” 15 intended to be non-limiting and include inorgamc substituents or orgamic substifuents.
Moreover, other identifiers or qualifying terms can be utilized to mndicate the presence or absence of a
particular substitucot, a particular regiochenustry and/or stereochensicy, or the presence or absence of
branched underlying structure or backbone.

VAR

P

A
[0016] A guanidine group is a group having the general structure *7 . Within the guanidine
core, the nifrogen participating in a double bond with the central carbon atom is referred to as the N
nitrogen and the two nitrogen atoms participating in a single bond with the central carbon atom are
referred to as the N° nitrogen and the N” nitrogen. Similarly, the groups attached to the N', N’ and N°

1
o

. -~ - 2 w13 . D .
nitrogen atoms are referred to as the N' group, N group, and N” group respectively.  An N -phosphinyt

4
/
N /?"
N o
YA
JP i \* ey - ) R .
guanidine group has the general structure . Within ap N -phosphiny! guanidine group, the

nitrogen participating in a double bond with the central carbon atom of the guanidine core is referred to as
the N' nitrogen, the nitrogen atom participating in a single bond with the central carbon atom of the
guanidine core and a bond with the phosphorus atom of the phosphinyl group is referred to as the N°
nmitrogen, and the remaining nirogen atom participating in a single bond with the central carbon atom of
the guanidine core is referred to as the N° nitrogen. It should be noted that a guanidine core or an
N -phosphiny! guanidine group can be a portion of a larger group {or compound) which does not contain
suanidine in it name. For example, while the compound 7-dimethviphosphinyhimidarzo[1,2-alimidarole
could be classified as a compound having an inudazo{1,2-a)imidazole core (or a compound having a
phospbinylivudazo{l,2-almudazole group), 7-dimethylphosphinylimidazo{1,2-alioudazole would still be

classified as a compound having a guaniding core {or as a compound having an N -phosphinyl guaniding
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group) sice 1t contains the defined general structure of the gunanidine core {or the N-phosphinyl

euanidine group).

{8017F  The term “organyl group” is used herein in accordance with the definition specified by
IUPAC: an organic substituent group, regardless of functional type, having one free valence at a carbon
atom. Similarly, an “organylene group” refers to an organic group, regardiess of functional type, derived
by removing two bydrogen atorss from an organic compound, either two hydrogen atoms from one
carbon atom or onc hydrogen atom from cach of two different carbon atoms. An “organic group” refers

to a generalized group formed by removing one or more hydrogen atoms from carbon atoms of an organic

I3 @

comppound.  Thus, an “organyl group,” an “organylene group,” and an “organic group” can contain
organic functional group(s) and/or atom(s) other than carbon and hydrogen, that 15, an organic group can
corpprise functional groups and/or atoms in addition to carbon and hydrogen. For instance, non-limiting
gxarples of atoms other than carbon and hvdrogen include halogens, oxygen, nitrogen, phosphorus, and
the like. Non-limsting examples of functional groups include ethers, aldchydes, ketones, esters, sulfides,
amines, phosphines, and so forth. In one aspect, the hydrogen atom{s} removed to form the “organyl
group,” “organyiene group,” ot “orgasic group” can be aftached fo a carbon atom belonging to a
functional group, for exarmaple, an acyl group ((C{O)R}, a formyl group (-C(OH), a carboxy group
(-C{OY0H), a hydrocarboxycarbonyl group ((C{OYOR), a cyano grogp (-C=N), a carbamoyl group
{(-C{O)NH,), an N-hydrocarbylcarbamoyt group (-C{OMNHR), or N N'-dihvdrocarbylcarbamoyl group
(-C{O)NR,), among other possibilities. In another aspect, the hydrogen atom(s) removed to form the
“organy} group,” “organylene group,” or “organic group” can be attached to a carbon atom not belonging
to, and remote from, & functionsl group, for example, -CH,C{O)CH;, -CH,NR,, and the like. An “organyl

29 (6

group,” “organylene group,” or “organic group” can be aliphatic, inclusive of being cychic or acyclic, or

2% kG

can be aromatic.  “Orgaonyl groups,” “organviene groups,” and “organic groups” also cnconipass
heteroatonmi-containing  rings, beteroatomi-contatning  ring  svstems,  hetoroaromatic  rings,  and
5 ford ford o

%9 4%

hetercaromatic ring systems. “Organyl groups,” “organylene groups,” and “‘organic groups” can be linear

%9 4%

or branched valess otherwise specified. Finally, it 1s noted that the “organyl group,” “organylene group,”

or “organic group” definitions include “hydrocarbyl group,” “hydrocarbylene group,” “hydrocarbon

3 &€,

aroup,” vespectively, and “alkyl group,” “alkylene group,” and “alkanc group,” respectively, as members.

{8018}  For the purposes of this application, the term or varnations of the term “organyl group
consisting of inert functional groups™ refers to an organyi group wherein the organic functional group(s)
and/or atonys) other than carbon and hydrogen present in the functional group are restricted to those
functional group(s) and/or atom(s) other than carbon and hydrogen which do not complex with a metal

corppound and/or are inert under the process conditions defined herein. Thus, the term or variation of the
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term “organyl group consisting of inert functional groups” further defives the particular organyl groups
that can be present within the organyl group consisting of nert functional groups. Additionally, the term
“organyl group consisting of inert functional groups” can refer to the presence of one or more inert
functional groups within the organyl group. The term or vanation of the term “organyl group consisting
of mert functional groups” defimtion includes the hydrocarbyl group as 8 member (among other groups).
Sumtarly, ap “organyiene group consisting of inert functional groups” refers to an organic group formed
by removing two hydrogen atoms from one or two carbon atoms of an organic compound consisting of
mert functional groups and an “orgamic group consisting of mert functional groups” refers to a
generalized organic group consisting of inert functional groups formed by removing one or more
bydrogen atoms from one or more carbon atoms of an organic compound consisting of nert functional

STOups.

{8019}  For purposes of this application, an “inert functional group” is a group having a free valence
on a heteroatom which i) does not substantially interfere with the process described herein in which the
material having an inert functional group takes part and/or 1) does not complex with the metal salt of the
metal salt complex. The term “does not complex with the metal salt of the metal salt complex™ can
include groups that could complex with a metal salt but i particular molecules described herein does not
necessarily complex with a metal sait due to positional relationship of the nert function group within a
figand. Thus, the inertness of a particular functional group 1s not only related to the functional group’s
mherent nability to complex the motal compound but can alse be related to the functional group’s
position within the metal salt complex. Non-limiting examples of nert functional groups which do not
substantially interfere with processes described herein and/or it} do not complex with the metal salt of the
metal salt complex can include a halide (fluoride, chloride, bromide, and iodide), nitro, hydrocarboxy
aroups {e.g, alkoxy, and/or aroxy, among others), and/or hydrocarbosulfidyt groups (e.g., RS-}, among

others.

[B020]  The term “hydrocarbon” whenever used in this specification and claims refers to a conmpound
contaming only carbon and hydrogen. Other identifiers can be utilized to indicate the presence of
particular groups in the hydrocarbon (e.g., halogenated hydrocarbon indicates that the presence of one or
more halogen atoms replacing an equivalent number of hydrogen atoms in the hydrocarbon). The term
“hydrocarby! group™ is used berein in accordance with the definition specified by IUPAC: a univalent
eroup formed by removing a hydrogen atom from a hydrocarbon. Non-limiting examples of hydrocarbyl
groups inchude ethyl, phenyl, tolyl, propenyl, and the hke. Simnlarly, a “hydrocarbylene group” refers to a
group formed by removing two hydrogen atoms from a hydrocarbon, either two hydrogen atoms from one

carbon atom ot one hydrogen atom from cach of two different carbon atoms. Therefore, i accordance
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with the terounology used herein, a “hydrocarbon group” vefers to a generalized group formed by
removing one or more hydrogen atoms {as necessary for the particular group) from a hydrocarbon. A
“hydrocarbyl group,” “hydrocarbylene group,” and “hydrocarbon group™ can be acyclic or cvelic groups,
and/or can be linear or branched. A “hydrocarbyl group,” “hydrocarbvlene group,” and “hydrocarbon
group” can melude rings, ring systems, aromatic rigs, and aromatic ving systems, which contain only
carbon and hydrogen. “Hydrocarbyl groups,” ““hydrocarbylene groups,” and “hydrocarbon groups”
include, by way of example, arvl, arvlene, arene, alkyl, alkylene, alkane, cycloatkyl, cycloalkylene,

cycloalkane, aralkyl, aralkylene, and aralkane groups, among other groups, as members.

18021} The term “alkane”™ whenever used m this specification and claims refers to a sabuated
hydrocarbon compound. Other wdentifiers can be wiihized to indicate the presence of particular groups in
the alkane {(c.g., balogenated alkane indicates that the presence of one or more halogen atons replacing an
squivalent number of hydrogen atoms 1o the atkane). The term “alkyl group” is used herein in accordance
with the definition specified by FUPAC: aunivalent group formed by removing a hydrogen atom from an
atkane. Similarly, an “alkyiene group” refers to a group formed by removing two hydrogen atoms from
an alkane (either two hydrogen atoms from ove carbon atom or one bydrogen atom from two different
carbon atoms}. An “alkane group” is a general term that refers to a group formed by removing one or

29 65,

more hydrogen atoms {(as necessary for the particular groop) from an alkane. An “alkyl group,” “alkyviene

2

eroup,” and “alkane group” can be acyclic or cyclic groups, and/or can be linear or branched unless
otherwise specitied. Primary, secondary, and ferfiary alkyl groups are derived by removal of a hydrogen
atom from a primary, secondary, tertiary carbon atom, respectively, of an alkane. The n-alkyl group can
be derived by removal of a hydrogen atom from a terminal carbon atom of a linear alkane. The groups

RCH, (R # H), RyCH (R # H), and RiC (R # H) reprosent exemplary primary, secondary, and tertiary

atkyl groups, respectively.

{80221 A cycloalkane is a saturated cyclic hydrocarbon, with or without side chaios, for example,
cyclobutane. Unsaturated cychic hydrocarbons having one or more endocychic double or one triple bond
are called cycloatkenes and cycloalicynes, respectively. Cycloatkenes and cycloalkynes having only one,
only two, only three, etc... endocyclic double or triple bonds, respectively, can be identified by use of the
term “mono,” “di,” “tr1, etc ... within the name of the cycloalkene or cycloalkyne. Cycloalkenes and
cycloatkynes can further identtfy the position of the endocyclic double or riple boods.

1080231 A “cycloalkyl group” is a univalent group derived by removing a hydrogen atom from a ring
carbon atom of a cycloalkane. For example, a L-methyleyclopropyl group and a 2-methyleyclopropyl

group are illustrated as follows.
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Similarly, a “cycloalkylene group” refers to a group derived by removing two hydrogen atoms from a
cycloalkane, at least one of which 1s a ring carbon. Thus, a “cycloalkylene group™ includes both a group
derived from a cycloalkane in which two hydrogen atonw are formally removed from the same riog
carbon, a group derived from a cycloalkane i which two hydrogen atons are formally removed from two
different ring carbons, and a group derived from a cycloalkane in which a first bydrogen atom is formally
removed from a ring carbon and a second hydrogen atom s formally removed from a carbon atom that is
not a ning carbon. A “‘cycloalkane group” refers to a generalized group formed by removing one or more
hydrogen atoms (as necessary for the particular group and at least one of which is a cing carbon) from a
cvcloafkane. It should be noted that according to the definutions provided herein, general cycloalkane
groups (nchihing cycloatkyl groups and cycloalkyiene groups) inchide those having zero, one, or more
than one hydrocarbyl substituent groups attached to a cycloalkane ring carbon atom (eg., a
methyloyclopropyl group) and s member of the group of hydrocarbon groups. However, when referring
to a cycloalkane group having a specified sumber of cycloalkane ring carbon atonws (e.g., cyclopentane
group or cyclohexane group, among others), the base name of the cycloalkane group having a defined
number of cycloatkane ring carbon atoms refers to the unsubstitated cycloalkane group (inclading having
no hydrocarbyl groups located on cycloalkane group ning carbon atom). Consequently, a substituted
cycloalkane group having a specified number of ring carbon atoms (e.g., substituted cyclopentane or
substituted cyclobexane, among others) refers to the respective group having one or more substituent
eroups {inchuding halogens, hydrocarbyl groups, and/or hydrocarboxy groups, among other substituent
groups} attached to a cycloalkane group ring carbon atom.  When the substituted cycloatkane groop
having a defined number of cycloalkane ring carbon atoms 18 a member of the group of hydrocarbon
groups {or a member of the general group of cycloalkane groups), each substituent of the substituted
cycloatkane group having a defined number of cycloalkane ring carbon atoms is limuted to hvdrocarbyt
substituent group. One can readily discern and select general groups, specific groups, and/or individual
substituted cycloalkane group(s) having a specific number of ring carbons atoms which can be utilized as

member of the hydrocarbon group {or a member of the general group of cyvcloalkane groups).

{8024]  The term “olefin” whenever used in this specification and claires refers to compounds that
have at east one carbon-carbon double bond that is not part of an aromatic ring or ring system. The term
“olefin” inchides aliphatic and aromatic, oyclic and acvelic, and/or linear and branched compoonds

having at least one carbon-carbon double bond that is not part of an aromatic ring ot ring system unless
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specifically stated otherwise. The term “olefin,” by itself, does not indicate the presence or absence of

heteroatoms and/or the presence or abscoce of other carbon-carbon double bonds valess explicitly

mndicated. Olefins having only one, only two, only three, etc... carbon-carbon double bonds can be
43 8¢,

identified by use of the term “mone,” “di,” “tr1,” cte ... within the name of the olefin. The olefing can be

further identified by the position of the carbon-carbon double bond(s).

[B025]  The term “alkene” whenever used in this specification and claims refers & lnear or branched

hydrocarbon olefin that has one or mwore carbon-carbon double bonds. Alkenes having only one, only

25 &% 29 6s.

two, only three, cte... such multiple bond can be identified by use of the term “mono,” “di,” “tr1,” etc ...
within the name. For example, alkamonocnes, alkadienes, and alkatricnes refer to a linear or branched
hydrocarbon olefins bhaving only one carbon-carbon double bond (general fornwla C.Ho), only two
carbon-carbon double bonds (genersl fornwla C H,.5), and only three carbon-carbon double bonds
{general formula C H,.), respectively, Alkenes can be further identified by the position of the carbon-
carbon double bond(s). Other identifiers can be utilized to indicate the presence or absence of particular
groups within an alkene. For example, a haloalkene refers to an alkene having one or more hydrogen

atoms replace with a balogen atom.

10026] Ao “alkenyl group” is a univalent group derived from an alkenc by removal of a hydrogen
atom from any carbon atom of the alkene. Thas, “alkenyl group” includes groups in which the hydrogen
atom is formally removed from an sp” hybridized (olefinic) carbon atom and groups in which the
hydrogen aton is formally removed from any other carbon atom.  For example and unless otherwise
specified, T-propenyl ((CH=CHCH,), 2-propenyl [{CH;3(C=CH,], and 3-propeny! (-CH,CH=CH,) groups
are all encompassed with the term “altkenyl group.” Simularly, an “alkenylene group” refers to a group
formed by formally removing two hydrogen atoms from an alkene, either two hydrogen atoms from one
carbon atorn or one hydrogen atorn from two different carbon atoms.  An “alkene group™ vefers to a
zeneralized group formed by removing one or more hydrogen atoms (as pecessary for the particular
eroup) from an alkene. When the hydrogen atom is removed from a carbon atom participating in 3
carbon-carbon double bond, the regiochemistry of the carbon from which the hydrogen atom is removed,
and regiochemustry of the carbon-carbon double bond can both be specified.  Alkene groups can alse
have more than one carbon-carbon double bond,  Alkene groups can alse be further wdentified by the

position of the carbon-carbon double bond.
16827} The term “alpha oletin™ as used in this specification and claims refers to an olefin that has a
carbon-carbon double bond between the first and second carbon atom of the longest contiguous chain of

carbon atoms. The term “alpha olefin” includes linear and branched alpha olefins unless expressly stated



WO 2013/184579 PCT/US2013/043902

,....
Ju—

otherwise. In the case of branched alpha olefins, a branch can be at the 2- position {a vinylidene} and/or
the 3-position or higher with respect o the olefin double bond. The term “vinylidene” whenever used in
this specification and claims refers to an alpha olefin having a branch at the 2-position with respect to the
olefin double bond. By itself, the term “alpha olefin” does not indicate the presence or absence of
hetercatoms and/or the presence or absence of other carbon-carbon double bonds unless explicitly
tndicated. The terms “hydrocarben alpha olefin” or “aipha olefin hydrocarbon” refer 1o alpba olefin

compounds containing only hydrogen and carbon.

{0028]  The term “linear alpha olefin” as used herein refers to a linear olefin having a carbon-carbon
double bond between the first and second carbon atom. The term “Hnear alpha olefin” by itself does not
tndicate the presence or absence of hetercatoms and/or the presence ot absence of other carbon-carbon
double bonds, unless explicitly indicated. The terms “linear bydrocarbon alpha olefin™ or “linear alpha

olefin hydrocarbon™ refer to linear alpha olefin compounds containing only hydrogen and carbon.

18029] The term “normal alpha oletin” whenever osed 1n this specification and claims refers to a
fincar hydrocarbon mono-olefin having a carbon carbon doubie bond between the first and second carbon
atoot. It is noted that “normal alpha olefin” is not sysonymous with “lisear alpha olefin” as the term
“Hnear alpha olefin” can include linear olefinic compounds having a double bood between the first and

second carbon atoms and having heteroatoms and/or additional double bonds.

{8036]  The term “consists essentially of normal alpha olefin(s),” or variations thereof, whenever used
mn this gpecification and claims refers to conunercially available normal alpha olefin product(s). The
comunercially avatlable normal alpha olefin product can contain non-npormal alpha olefin impurities such
as vinylidenes, internal olefins, branched alpha olefins, paratfins, and diolefins, among other impurities,
which are not removed dunng the normal alpha olefin production process. One readily recogmzes that
the wdentity and quantity of the specific tapurities present in the coromercial normal alpha olefin product
wifl depend upon the scurce of commercial noroal alpba olefin product.  Consequently, the term
“consists essentially of normal alpha ofefins” and ifs variants 1s not intended to fimit the amount/quantiy
of the non-linear alpha olefin components any more stringently than the amounts/quantities present in a

particular commoercial normal alpha olefin product unless explicitly stated.

18031] A “heterooyclic compound” is a oyclic compound having at least two different elements ag
ring member atoms. For example, heterocyclic compounds can comprise rings containing carbon and
aitrogen (for example, tetrabydropyrrole), carbon and oxygen (for example, tetrahydrofuran), or carbon
and sulfur (for example, tetrahydrothiophenc), among others. Heterocyclic compounds and heterocyche

groups can be erther aliphatic or aromatic.
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{B032] A “heterocyelyl group” is a umivalent group formed by removing a hydrogen atom from a
heterocyclic ring ot ring system carbon atomn of a beterocyclic compound. By specifying that the
bydrogen atom s removed from a heterocyclic ring or ring system carbon atom, a “heterccyclyl group” is
distingaished from a “cycloheteryl group,” in which a hydrogen atom is removed from a heterocyclic ring
or ring system heteroatom.  For example, a pyrrolidin-2-vl group iHastrated below 18 one example of a

“heterocyelyl group,” and a pyrrolidin-1-vl group illustrated below 15 one example of a “cycloheteryl

group.”
H
N N
pyrrodidin-2-yi pyrrolidin-t-yi
“heterocyelyl group” “cycloheteryl group”

Simularty, a “heterocyclylene group” or more simply, a “heterocyclene group,” refers to a group formed
by removing two hydrogen atoms from a heterocychic compound, at least one of which s from a
heterocvelic ring or ring system carbon. Thus, in a “heterocyclylene group,” at least one hydrogen is
removed from a heterocyclic ring or ring system carbon atom, and the other hydrogen atom can be
removed from any other carbon atom, jocludimg for example, the same heterccyclic ring or rmg system
carbon atom, a different heterocyclic ring or ving system ring carbon atom, or a von-ring carbon atom. A
“heterocyclic group™ refers to a generalized group formed by removing one or more hydrogen atoms (as
necessary for the particudar group and at least onc of which 1s a heterocyclic nng carbon atom} from a
heterocychic compound.  Generally, a heterocyclic compound can be aliphatic or aromatic unless

otherwise specified.

{80331 A “cycloheteryl group” is a univalent group formed by removing a hydrogen atom from a
heterocyelic ring or ring system heteroatom of a heterocyclic compound, as dlustrated. By specifying that
the hydrogen atom is removed from a heterocyclic ring or ning system heteroatom and not from a ring
carbon atom, a “cycloheteryl group” is distinguished from a “heterocyclyl group” in which a hydrogen
atont s removed from a beterocychic ring or ring system carbop atom.  Similarly, & “cyclobeterylene
group” refers to a group formed by removing two hydrogen atoms from an heterocyclic compound, at
feast one of which is removed from a heterocyclic ning or ring system hetercatom of the heterocyelic
compound; the other hydrogen atom can be removed from any other atom, including for example, a
heterocyclic ring or ring system ring carbon atom, ancther heterocychic ring or ring system heteroatom, or

a non-ring atom {(carbon or heteroatom). A “cyciohetero group™ refers to a gencralized group formed by
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removing one of more hydrogen atoms {as necessary for the particular group and at least one of which 8

from a heterocyclic ring or ring system heteroatom) from a heterccyclic compound.

{8034}  An alipbatic compound is an acyclic or cyclic, saturated or unsaturated carbon compound,
excluding aromatic compounds.  Thus, an aliphatic compound 18 an acyclic or cyclic, saturated or
unsaturated carbon compound, excluding aromatic compounds; that 1s, an aliphatic comapound s a8 noo-
aromatic organic conpound. An “aliphatic group” 5 a generaslized group formed by removing ove or
more hydrogen atoms (as necessary for the particular group) from the carbon atom of an aliphatic
compound.  Thas, an aliphatic compound s an acyclic or cyclic, saturated or unsaturated carbon
compound, excluding aromatic compounds. That 15, an aliphatic compound 18 a nop-aromatic organic
compound. Aliphatic compounds and theretore aliphatic groups can contain organic functional group(s)

and/or atom(s) other than carbon and hydrogen.

{8035}  An aromatic compound is a compound containing a cyclically conjugated double bond system
that follows the Hickel (4n+2) rule and contains (4042} pi-electrons, where n s an nteger from 1 to 5.
Aromatic compounds include “arenes” (hydrocarbon aromatic compounds) and “heteroarenes,” also
termed “hetarenas” (heteroarcmatic compounds formally derived fromy arenes by replacenent of one or
more methine {-C=} carbon atoms of the cyclically conjugated double bond system with a trivalent or
divalent heteroatoms, in such a way as to maintain the continuous pi-electron system characteristic of an
aromatic system and a number of out-of-plane pi-electrons corresponding to the Hilckel rule (d4n + 2).
While arene compounds and heteroarene compounds are nutually exclusive members of the group of
aromatic compounds, a compound that has both an arene group and a hetercarcpe group are generally
considered a hetercarene compound. Aromatic compounds, arenes, and heteroarenes can be monocyclic
{e.g., benrene, toluene, furan, pyridine, methylpyridine) or polyeychlic unless otherwise specified.
Polveyelic aromatic compounds, arenes, and heteroarenes, nclade, unless otherwise specified,
compounds wherem the aromatic rings can be fused {e.g., naphthalene, benzofuran, and indole),
compounds where the aromatic groups can be separate and joined by a bond (e.g., biphenyi or 4-
phenvipyridine), or compounds where the aromatic groups are joined by a group containing binking atoms
{e.g., carbon — the methylene group in diphenylmethane; oxygen — diphenyl ether; mitrogen — triphenyl
amine; among others inking groups). As disclosed herein, the term “substituted”™ can be used to desceribe
an aromaiic group, arene, ot hetercarene wherein a nou-hydrogen moiety formally replaces a hydrogen in

the compound, and is intended to be non-limiting.

{8036}  An “aromatic group” refers to a generalized group formed by removing one or more hydrogen

atoms (as necessary for the particular group and at least one of which 1s an aromatic ring carbon atom)



WO 2013/184579 PCT/US2013/043902

14

from ap aromatic conpound. For a upsivalent “aromatic group,” the removed hydrogen atom must be
from an aromatic ring carbon. For an “aromatic group” formed by removing more than one hydrogen
atom from an aromatic compound, at least one hydrogen atom must be from an aromatic hydrocarbon
ring carbon. Additionally, an “aromatic group” can have hydrogen atoms removed from the same ring of
an aromatic ring or ring system (e.g., phen-ld-yiene, pyridin-23-vlene, naphth-1,2-viene, and
benzofuran-2,3-vlene), hydrogen atoms removed from two duffereot rings of a ring systers {e.g., naphth-
1.&-ylene and benzofuran-2,7-ylene), or hydrogen atoms removed from two isolated aromatic rings or

ring systems {e.g., bis(phen-4-yleneymethane).

188371 An arene 1 an aromatic hydrocarbon, with or without side chains (e.g., benzene, toluene, or
xylene, among others. An “aryl group” is a group derived from the formal removal of a hydrogen atom
from an aromatic rmg carbon of an arene. It should be noted that the arene can contain a single aromatic
hydrocarbon ring (e.g., benzene, or toluene), contain fused aromatic rings (e.g., naphthalene or
anthracene), and contain one or more isolated aromatic rings covalently linked via a bond {e.g., biphenyl)
or non-aromatic lydrocarbon group(s) (e.g., diphenyimethane}. One exarople of an “aryl group” 1s ortho-

tolyi {o-tolyl}, the structure of which is shown here.

CH,

Smlarly, an “arviene group” refers to a group formed by removing two hydrogen atoms (at least one of
which s from an aromatic ring carbon) from an arene. An “‘arene group” refers to a generalized group
formed by removing one or more hydrogen atoms {as necessary for the particular group and at least one
of which is an aromatic ring carbon} from an arene. However, if a group contains separate and distinct

14

arene and heteroarens rings or ring systems (o.g., the phenyl and benzofuran mocties in 7-
phenyibenzofuran) is classification depeonds upon the particular ring or ring system from which the
hydrogen atorn was removed, that is, an arene group if the removed hydrogen came from the aromatic
bydrocarbon ring or ring system carbon atom {e.g., the 2 carbon atom in the phenyl group of
6-phenyibenzofuran and a heteroarene group if the removed hvdrogen carbon came from a heteroaromatic
ring or ring system carbon atom {e.g., the 2 or 7 carbon atom of the benzofuran group or 6-phenylbenzo-
furan}. It should be noted that according the definitions provided berein, general arene groups {including
an aryl group and an arylene group) include those having zero, one, or more than one hydrocarbyl
substituent groups iocated on an aromatic hiydrocarbon ring or ring system carbon atom {e.g., a toluene
group or a xylene group, among others) and 1s a member of the group of hydrocarbon groops. However, 2

phenyt group (or phenylene group) and/or a naphthyl group {(or naphthvlene group) refer to the speatic
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unsubstitated arene groups (including no bydrocarbyl group located on an aromatic hydrocarbon ting or
ring system carbon atom}. Consequently, 3 substituted phenyl group or substituted naphthyl group refers
to the respective arene group having one or more substituent groups (including halogens, hydrocarbyl
aroups, and/or hydrocarboxgy groups, among others) located on an aromatic hydrocarbon ring or ring
system carbon atom. When the substituted phenyl group and/or substituted naphtyl group is a member of
the group of bydrocarbon groups (or a member of the general group of arene groups), each substituent 8
limited to a hydrocarbyl substituent group. One haviang ordinary skill in the art can readily discern and
select general phenyl and/or naphthyl groups, specific phenyl and/or naphthyt groups, and/or mndividual
substituted phenyl or substituted naphthyl groups which can be utilized as a member of the group of

hydrocarbon groups (or a member of the general group of arene groups).

{0038} A heteroarene is aromatic corapound, with or without side chains, having a heteroatom within
the aromatic ring or aromatic ring system (e.g., pyridine, indole, or benzofuran, among others). A
“hetercaryl group” is a class of “heterocyelyl group” and 1s a univalent groop formed by removing a
bydrogen atom from a heteroaromatic ring or ring systern carbon atom of a hetercarene compound. By
specifying that the hydrogen atora is remwoved from a risg carbon atomy, a “heteroaryl group”
distinguished from an “arytheteryl group,” i which a bydrogen atom is removed from a hetercaromatic
ring or ring system hetercatom. For example, an indol-2-yi group illustrated below is one example of a

“hetercaryl group,” and an indoi-1-yl group ithustrated below 1s one example of an “arytheteryl” group.”

/
“

wndol-2-vi indol-1-y1

“heteroaryl group” “aryiheteryl group”
Simtilarly, a “hetercarylene group” refers to a group formed by removing two hydrogen atoms from a
hetercarene compound, at least one of which i3 from a heteroarene ring or ring system carbon atom.
Thas, in a “heteroarylene group,” at least one hiydrogen 1s removed from a heteroarene ring or ring system
carbon atom, and the other hydrogen ator can be removed from any other carboun atony, including for
example, a hetercarene ring or ring system carbon atom, of a non-hetercarens ning or ring system atont
A “hetercarene group” refers to a generalized group formed by removing one or more hydrogen atoms (as
necessary for the particular group and at least one of which is a heteroarens ring or ring system carbon
atom) from a heteroarene compound. 1t a hydrogen atom is removed from a heteroaromatic ring or ring

gystern heteroatony and from a beteroaromatic ring or ring system carbon atorp O an aromafic
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hydrocarbon ring or ring system carbon atom, the group is classified as an “arytheterviene group” or an

“arylhetero group.”

{803%F  An “arylhetoryl group” is a class of “cycloheteryl group™ and is a univalent group formed by
removing 8 hydrogen atom from a heteroaromatic ring or ring system heteroatom, as illustrated. By
specifying that the hydrogen atom is removed from of a hetercaromatic ring or ring systern heteroatom
and vot from a beteroaromatic ring or ting systent carbon atom, an “arylheteryl group” is distinguished
from a “heteroaryl group™ 1t which a hydrogen atom is removed from a hetercaromatic ring or a ring
system carbon atom. Similarly, an “arylheterylene group” refers to a group formed by removing two
bydrogen atoms from a heteroaryl compound, at least one of which 1s removed from a heteroaromatic ring
or ring systern heteroatom of the heteroaryl compound; the other hydrogen atom can be removed from
any other atom, iocluding for example, a heteroaronatic ting or ring system carbon atom, another
hetercaromatic ring or ring system heteroatom, or a nop-ring atom (carbon or heteroatom) from a
hetercaromatic compound. An “arylhetero group” refers to a generalized group formed by removing one
or more hydrogen atoms (as necessary for the particular group and at least one of which s from a

hetercaromatic ring or ring systern) hetercatom from a heteroarene compound.

10040] Ao “aralkyl group” is an aryl-substituted alkyl group having & frec valance at a non-aromatic
carbon atom (e.g., a benzyl group, or a 2-phenyieth-1vl group, among others). Sinularly, an “aralhylens
group” is an aryl-substitated alkylene group having two free valencies at a single non-aromatic carbon
atom or a free valence at two nop-aromatic carbon atoms while an “aratkave group” is a generalized is ap
aryi-substituted alkane group having ouve or more free valencies at a nop-aromatic carbon atom{(s). A
“heteroaralkyl group™ is a heteroaryl-substituted alkyl group baving a free valence at a non-

heteroaromatic 1ing ¢

&

r ring system carbon atom. Similarly a “heteroaralkylene group” is a heteroaryl-
substituted alkylene group having two free valencies at a single non-heteroaromatic ring or ring system
carbon atom or a free valence at two non-heteroaromatic ring or ting system carbon atoms while a
“heteroaralkane group” s a generalized aryi-substitited alkane group having one or more free valencies at
a non-heteroaromatic ring or ning system carbon atom(s). It should be noted that according the definitions
provided herein, general aralkane groups include those having zero, one, or more than one hydrocarbyl
substituent groups located on an aralkane aromatic hydrocarbon ring or ring system carbon atomand is a
mernber of the group of hydrocarboo groups. However, specitfic aratkane groups specifying a particular
aryl group {e.g., the phenyl group in a beazyl group or a Z-phenylethyl group, among others) refer to the
specific unsubstituted aratkane groups (including no hydrocarbyl group located on the aralkane aromatic
hydrocarbon ring or ring system carbon atom). Consequently, a substituted aratkane group specifying a

particular aryl group refers to a respective aralkane group having one or more substituent groups
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(including halogens, hydrocarby! groups, and/or hydrocarboxy groups, amoung others). When the
substituted aratkane group specitving a particular aryl group 15 a member of the group of bhydrocarbon
groups (or a member of the general group of aralkane groups), each substituent 1s limited to a hydrocarbyl
substituent group. One can readily discern and select substituted aralkane groups specifying a particular
aryl group which can be utthized as a member of the group of hydrocarbon groups (or a member of the

general group of aralkane groups).

[6041] A “hahide™ has its usual meaning; therefore, examples of halides inchude fluonde, chioride,

bromude, and 1odide.

{8042]  An “organcheteryl group” is a univalent group contaming carbon, which are thus organic, but
which have their free valence at an aton other than carbon. Thus, organcheteryl and organyl groups are
complementary and mutually exclusive. Organobeteryl groups can be cvclic or acyclic, and/or aliphatic
or aromatic, and thus encompasses aliphatic “cycloheteryl groups” {¢.g., pyrrokdin-1-vl or morpholin-1-
vl, among others), aromatic “arytheteryl groups” {(e.g., pyrrol-1-yl or indol-1-yl, among others), and
acyclic groups (e.g., organylthio, trihydrocarbyisilvl, aryloxy, or alkoxy, among others). Simularly, an
“organobeterylene group™ is a divalent group contatning carbon and at least one heteroatom having two
free valencies, at least one of which is at a heteroatom. An “organohetero group” is a generalized group
contaiming carbon and at least one hetercatom having one or more free valencies {as necessary for the

particular group and at least one of which is at a heteroatom) from an organohetero compound.

18043] An “organcaluminum compound,” is used to describe any compound that containg an
ahiminum-carbon bond. Thus, organcalumioum compounds include hydrocarbyl aluminum compounds
such as trialkyl-, dialkyl-, or monoalkylaluminum compounds; hydrocarbyl ahmnoxane compounds, and

aluminate compouands which contain an alurmnum-organyl bond soch as tetrakis{(p-tol ylyaluminate salts.

18944} Within this disclosure the normal rules of orgamc nomenclature will prevanl, For instance,
when referencing substituted compounds or groups, references to substifution patterns are taken to
indicate that the indicated group(s) is (arc) located at the indicated position and that all other non-
mndicated positions are hydrogen. For example, reference to a 4-substituted phenyl group indicates that
there s a non-hydrogen sabstituent located at the 4 position and hydrogens located at the 2, 3, 5, and 6
positions. By way of another example, reference to a 3-subtituted naphth-2-yl jndicates that there 5 2
non-hydrogen substituent located at the 3 position and hydrogens located at the 1, 4, 5, 6, 7, and §
positions.  References to compounds or groups baving substitutions at positions in addition to the

mndicated position will be referenced using compnising or some other alternative language. For exampie,
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a reference to a phenyl group comprising a substituent at the 4 position refers to a group having a nog-

hydrogen atom at the 4-position and hydrogen or any non-hydrogen group at the 2, 3, §, and 6 positions.

{0045]  The term “reactor effluent,” and it derivatives (e.g., oligomerization reactor ¢ffluent) generally
efers to all the material whuch exits the veactor. The term “reactor effluent,” and its denvatives, can also
be prefaced with other descriptors that Limit the pottion of the reactor efffuent being referenced. For
example, while the torm “reactor effluent” would refer to all material exiting the reactor (e.g., product and
solvent or diluent, among others), the term “olefin reactor effluent” refers to the effiuent of the reactor

evhich contains an olefin (1.¢. carbon-carbon) dooble bond.

16046] The term “cligomerization,” and its derivatives, refers to processes which produce a mixture
of products containing at least 70 weight percent products containing from 2 to 30 oopomer units.
Sumilarty, an “oligomer” 18 a product that coptains from 2 to 30 monomer units and an “oligomerization
product”™ or “cligomer product” includes all product made by the “oligomerization” process wncluding the
“oligomers™ and products which are not “ohgomers” (e.g., product which contain more than 30 monomer
units}). 1t should be noted that the roonomer units in the “oligomer” or “oligomerization product” do not
bave to be the same. For example, an “oligomer” or “oligomerization product™ of an “oligomerization”

process using ethylene and propylene as monoimers can contain both ethylene and/or propylene units,

10047} The term “polymerization,” and its derivatives, refers to processes which produce a muxture
of products containing at least 70 weight percent products containing greater than 30 monomer units
Similarly, “polymer” is a product that cootains greater than 30 movomer units while an “polymearization
product” or “polymer product”includes all products made by the “polymerization” process including the
“polymers” and products which are not “polymers” {e.g., product which contain Iess than or equal to 30
monomer units). It should be noted that the monomer umis in the “polymer” or “polymerization product”
do not have to be the same. For example, a “polymer” or “polymerization product™ of a “polymerization”

process using cthylene and propyvlene as monomers can contain both ethviene and/or propylene units,

[0048]  The term “wrimerization,” and it derivatives, refers to a process which produces a mixture of
products containing at least 70 weight percent products containing three and only three monomer units. A
“trimer” 15 a prodact which contains three and only three monomer wnits while a “mmerization product”
or “trimer product” rochudes all products made by the trimerization process inchading trimer and product
which are not trimer {e.g., dimers or tetramers). Generally, an olefin trimerization reduces numsher of
olefinic bonds, L.¢., carbon-carbon double bouds, by two when considering the number of olefin bonds in
the monomer units and the number of clefin bonds in the trimer. It should be noted that the monomer

units in the “trimer” or “trimerization product” do not have be the same. For example, a “timer” of a
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“trimerization” process using ethylene and butene as yuonomers can contain othylene and/or butene
monomer units. That 18 to say the “trimer” can include Co, Ca, Cig, and C); products. In another example,
a “rimer” of a “trimerization” process wsing ethylene as the monomer can contain ethylene monomer
units. It should also be noted that a single molecuale can contain two monormer units. For example, diencs

such as 1,3-butadicne and 1,4-pentadience have two monomer units within one molecale.

[004%]  The term “tetramerization,” and i derivatives, refers to a process which produces a mixture of
products containing at least 70 weight percent products containing four and only four monomer units. A
“tetramer” 18 a product which contains foor and only four monomer wmits while a “tetramerization
product” or tetramer prodact” includes all products made by the tetramerization process including
tetramer and product which are not tetramer (e.g., dimers ot {rimer). Geoerally, ap olefin tetramerization
reduces number of ofefinic bonds, te., carbon-carbon double bouds, by three when considering the
nuiaber of olefin bonds in the monmer vniis and the namber of olefin bonds 10 the tetramer. It should be
noted that the monomer wmits in the “tetramer” or “tetramerization product” do not have be the same. For
example, a “tetramer” of a “tetramerization” process using cthylene and butene as monomers can contain
ethylene and/or butene wonomer units. fn an example, a “tetramer” of a “tetrarperization” process usiog
cthylene as the monomer can contain ethylene monomer units. It should also be noted that a single
molecale can contain two monomer units. For example, dienes such as 1,3-butadiene and § 4-pentadiene

have two monomer units within one molecule.

[8058]  The term “trimerization and tetramerization,” and it derivatives, refers to a process which
produces a mixture of products containing at least 70 weight percent products containing three and/or four
and only three and/or four monomer units. A “trimerization and tetramerization product” and “trimer and
tetramer product” mcludes all products made by the “trimerization and tetramerization” process including
trimer, tetramer, and product which are not tetramer (e.g., dimers). In an cxample, a “trimerization and
tetramerization” process using ethylene as the monomer produces a muxture of products coutatning at

least 70 weight percent hexene and/or octene.

{0051}  The term or variation of the terms an “oligomerized product having X carbon atoms™ and “Cy
oligomer product,” wherein X can be any positive non-zero integer, refers to materials produced by
monomer oligomerization which have X carbon atoms. Thus, the term “oligomerized product having X
carbon atoms” and “Cy oligomer product” exchudes materials having X carbon atoms which were not
produced by the olefin oligomerization (2.g., solvent) and oligomer products which do not have X carbon

atoms. These terms can also include other descriptive words {(e.g., olefin, hquid, and mixtore, among
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others) without detracting from the essence of the term referring to roaterials baving X carbon atons,

produced by monomer oligomerization, and fitting the additional descriptive terms.

{6052}  This disclosure encompasses N -phosphinyl guanidine compounds, methods for making N°-
phosphiny!  guanidine  compounds, metal salt complexes comprising N-phosphiny!  guanidine
compounds, methods of making metal salt complexes comprising N-phosphinyl guanidine compounds,
catalyst systems comprising N -phosphinyl guanidine compounds, methods of making catalyst systems
comprising N -phosphinyl geanidine compounds, and methods of oligomerizing olefins utilizing
catalysts system comprising N’-phosphinyl  guanidine  compounds, among other aspects an
embodiments. These aspects of this disclosure are further described herein. While these aspects can be
disclosed under these headings, the heading does not limit the disclosure found therein, Additionally the

vartous aspects and ernbodunents disclosed hersin can be combined in any tranner.

N-Phosphinyl Guanidine Compounds

{8053} teneraily, the N -phosphinyl guamdine compounds encompassed by this disclosure have at
i 2 . s . 42 . F

feast one N -phosphioyl guanidive group. In an embodiment, the N -phosphiny! guanidine compounds

comprise only one N -phosphiny! guanidine; or alternatively, comprise only two N -phosphinyl guanidine

groups.

0084} In an aspect, the compounds encompassed by the present disclosure inchide an N -phosphinyl
guanidine compound.  Generally, the N'phosphinyl guanidine compounds encompassed by this
disclosure comprise an N -phosphinyl guanidine group; or alternatively, comprise two N -phosphinyl
guanidine groups. In an embodiment, the N'-phosphinyl guanidine compounds comprise only one N
phosphinyl guanidine group; or alternatively, comprise only two N>-phosphiny! guanidine groups. In an
embodiment, the compounds, regardless of the number of N-phosphiny! guanidine groups, or structure,
can be non-metallic (i.¢., 2 non-metatlic N -phosphinyl guanidine compound or a non-metallic compound
baving an N .phosphinyl gnanidine group). In some embodiments, the guanidine group of the N*-
phosphinyl guanidine compounds can be an acyclic guanidine group {a guanidine group wherein the three
nitrogen atoms and the central carbon atom of the amine group are not contamed in a ring). In some
embodiments, the guanidine group of the N'-phosphinyl guanidine compounds can be a cyclic guaniding
group {a guanudine group wherein one o more of the nitrogen atoms and the central carbon atom of the

amine group are contained in a ring).
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D058} In an aspect, the N-phosphiny! guanidine compound can have Structure Gul, Gu2, Gu3, Gud,
or (Gus: alternatively, Structre Gul; altemnatively, Structure Gu2; altersatively, Structure Gu3;

alternatively, Structure Gud; or alternatively, Structure Gus.
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0056]  In an embodiment, the N’-phosphinyl guanidine compound comprising only one N-
phospbinyl guanidine group can be characterized by baving the Structure Gul, Gu?, Gu3, Gud, or GuS;
alterpatively, Structure Gul; alternatively, Structure GuZ; slternatively, Structure Gu3d; alternatively,
Stracture Gud; or alternatively, Stracture GuS. In an embodiment, an N'-phosphinyl guanidine
compound having more than one N’-phosphinyl goanidine groups can be characterized by having
Structure Gul, Gu2, Gul, Gud, or Gus wherein R, R™ B™ B R* ®° LY L2 and/or L? include the
other N-phosphiny! guanidine group(s). In an embodiment, the N -phosphinyl guanidine compound
comprising only two N -phosphinyl guanidine groups can be characterized by having Structure Gul, Gu2,
Gu3, Gud, or GaS wherein Ri, RZC‘, RZb? R3, Rﬂ RS, Lm, Lzz, and/or L™ include the second Nz-phosphinyl
cuanidine group. In some embodiments where an N -phosphinyl guanidine compound can more than one
N .phosphinyl guanidine group, one or more of the atom of one N -phosphinyl guanidine group can be
shared with another N’-phosphinyl guanidine group within the N'-phosphinyl guanidine compound
having more than one N'-phosphiny! guanidine group. R', R™ R®, R°, R, R", L, L™, and L” within
N-phosphinyl guanidine compound Structures Gul, Gu2, Gu3, Gud, or GuS are independently described
herein and can be utilized without limitation to further describe the N-phosphinyl guanidine compounds
baving Structures Gul, Gu2, Gu3, Gud, and/or GuS. In other embodiments, the N*-phosphinyl guanidine

compounds can have any specific structure disclosed hercin,
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{8057} enerally, R can be an organyl group; alternatively, an organyl group consisting essentially
of inert functional groups; or altematively, a hydrocarbyl group. In an embodiment, R can be a C; to Ty
organyl group; alternatively, a C; to Cy organyl group; altemstively, & €, to (5 organyl group;
alternatively, a C; to Oy organyl group; or alternatively, a € to Cs organyl group. In an embodiment, R'
can be a C, to Cy organyl group consisting essentially of inert functional groups; alternatively, a C, to Cyg
organyl group consisting essentially of inert functicnal groups; alternatively, a C, 1o Cys5 organyl group
consisting cssentially of inert functional groups; alternatively, a C; to € organyl group consisting
casentially of inert functional groups; or alternatively, a C) to Cs organyl group consisting essentially of
inert functional groups. Tn an embodiment, R' can be a C, to Cyp hydrocarbyl group; alteratively, a C; to
g hydrocarbyl group; altematively, a C; to C;s hydrocarby!l group; alternatively, a C to Cy hvdrocarbyl
group; or alternatively, a C, to Cs hydrocarbyl group. Tn yet other embodiments, R’ can be a (s to Cy
aromatic group; altematively, a (5 to Cy aromatic group; alternatively, a Cs to €5 aromatic group; or

alternatively, a C; to Cyy aromatic group.

[0058]  Tn an aspect, R’ can be a €, to Oy, alkyl group, a Cy to Cs cycloatkyl group, a Ca to Cy
substituted cycloalky! group, a Cg to Csp aryl group, or a Cs to Cs substituted aryt group,; alternatively, a
C. to Ty cycloalkyl group or a Ty to Csp substituted cycloalkyl group; slternatively, a Cg to Cy aryl group
or a Cs 1o Cye substituted aryl group; alternatively, a C) to Cy alkyl groop; alternatively, a €, to Cyg
cycloatkyl group; alternatively, a €y to Csy substitoted cycloalkyl group; altematively, a Cy to Cyg aryl
aroup; or alternatively, a C, to Cay substituted aryvl group. In an embodiment, RicanbeaC o (s atkyl
group, a T4 to Ty cyeloalkyl group, a Cs to Ty substituted cycioalkyl group, a Cg to Cyp aryl group, ot a
Cs to Cyo substituted aryl group; alternatively, a &4 to Ty cycloalkyl group or a Cy to Ty substituted
cvcloallcyl group; alternatively, a Cq to Uy aryl group or a Cg to Cyo substituted aryl group; alternatively, a
C to Cs alkyl group; alternatively, a Cy to Oy oycloalkyl group; alternatively, a € to Cyy substituted
cycloatky! group; alternatively, a Cg to Cyp aryi group; or alternatively, a Cg 1o Uy substituted aryt group.
In other embodiments, R' can be a € to T alloyl group, a Cy to €5 cycloalkyl group, a €y t0 Cis
substituted cycloalkyl group, a Cg to Cy5 aryl group, or & s to s substituted aryl group; alternatively, a
C,y to Crs oycloalkyl group or a C, to Cs5 sobstituted cycloalkyl group; alternatively, a Cq to Cys aryl group
or a (g to C;s substituted aryl group; alternatively, a C) to Cyp alkyl group; altermatively, a Cy to Cis
cycloatkyl group; alternatively, a Cy to Cis substituted cycloalkyl group; altematively, a Cq to €5 arvl
group; or alternatively, a Cs to Cys substituted aryt group. In further embodiments, R' can be a € to Cs
atkyl group. Substituents (general and specific) are independently disclosed herein and can be utilized

without limitation to further describe substituted groups which can be utilized as R\
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[0059]  In an embodiment, R’ can be a methyl group, an ethvi group, a propyl group, a butyl group, a
pentyl group, a bexyl group, a beptyl group, an octyl group, a nony! group, or a decyl group. o some
embodiments, R’ can be a methyl group, an cthyl group, an n-propyl group, an iso-propyl group, an n-
butyl group, an iso-butyl groop, a scc-butyl group, a tert-butyl group, an n-pentyl group, an iso-pentyl
aroup, a see-pentyl group, or a neopentyl group; alternatively, a methyl group, an cthyl group, an 1so0-
propyl group, a tect-butyl group, or a veopentyl group; alternatively, a methyl group; alternatively, an
ethyl group; alternatively, an n-propyl group: alternatively, an iso-propyl group; alternatively, a tert-butyl
eroup; or alternatively, a neopentyl group. In some embodiments, the alkyl groups which can be vtilized
as R’ can be substituted. Each substituent of a substituted alky! group independently can be a halogen or
a hydrocarboxy group; alternatively, a halogen; or alternatively, a hydrocarboxy group. Halogens and
bydrocarboxy groups (general and specific) that can be utilized as substifuents are independently
disclosed herein and can be utilized without lumitation to further describe the substituted alkyl group

which can be utitized as R%.

[0060]  Tn an embodiment, R' can be a cyclobutyl group, a substituted cyclobutyl group, a cyclopentyl
group, a substituted cyclopentyl group, a cyclohexyl group, a substituted cvelohexyl group, a cyvcloheptyl
group, a substituted cycloheptyl group, a cyclooctyl group, or a substituted cyclooctyi group. In some
embodiments, R’ can be a cyclopentyl group, a substituted cyclopentyl groap, a eyclohexyl group, or a
substituted cyelohexyl group. In other embodiments, R' can be a cyclopentyl group or a substituted
cyclopentyl group; or alternatively, a cyclobexyl group or a substitated cyclohexyl group.  In further
embodiments, R can be a cyclopentyl group; alternatively, a substituted cyclopenty! group; a cyclohexyl
group; or alternatively, a substituted cyclohexyl group.  Substituents {(general and specific) are
independently disclosed herein and can be atilived withowt limitation to further describe the sabstituted

cycloatkyl group which can be utilized as R
10061]  Inan aspect, R' can have Structure G1:

12¢ R13C

{CHon Structure &1

RMG R’: 5¢

wherein the ondesignated valenoy is attached to the N pitrogen atom of the N -phosphinyl guanidine
group. Generally, ', R, R R'™, and RY can independently be hydrogen or a non-hydrogen
substituent, and n can be an integer from 1 to 5. I an embodiment wherein R' has Structure G1, RUS

13¢ Lac g i5c T 12¢ g ki e - ; -
R R™, and R can be hydrogen and R™™ can be any non-hydrogen substituent disclosed heretn; or
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alternatively, R, R", and R can be hydrogen and R and R independently can be any non-
hydrogen substituent disclosed herein. In an cmbodiment, n can be an nteger from | to 4 or
alternatively, from 2 to 4. In other embodiments, nt can be 2 or 3; alternatively, 2; or alternatively 3.
Substituents {general and specificy are mdependently disclosed herein and can be utilized without
Himitation to further describe a non-hydrogen substituent which can be utilized without limitation as R'",

R R R and/or R)™ for the R’ group having Stracture G

{0062}  In an embodiment wherein R' has Structure G1, RY, R'™, R'™, and R™ can be hydrogen and
R can be any non-hydrogen substituent indicated hercin; or alternatively, R', R, and R can be
hydrogen and R and R™ can be any non-hydrogen substituent indicated herein, In some embodiments,
wherein R has Structure G1, RY, R'™, R™, and R'™ can be bydrogen and R can be any alkyl group,
alkoxy group, ot halogen indicated herein; or alternatively, R''*, R'™, and R can be hydrogen and R’
and R'™ can be any alkyl group, alkoxy group, or halogen indicated herein. In other embodiments,
wherein R’ has Structure G, R, R R'™ and R can be hydrogen and R can be any alkyl group
substituent indicated herein; or alternatively, R, " and R can be hydrogen and R'™ and R'* can be
any alkyl group substituent indicated berein, In another embodiment whersin R bas Structure G1, R'Y,
R RYC R'™ and R™ can be hydrogen. In an embodiment, R'", R*, RY, R, and R'™ independently
can be hydrogen, or an alkyl group; alternatively, R*'°, R™, and R'™ can be hydrogen and R and R™
can be alkyl groups; or alternatively, R' can be hydrogen and R™, R™, R, and R'™ can be alkyl
groups. Specific substituent halogens, hydrocarbyl groups, hydrocarboxy groups, alkyl group, and alkoxy
groups are independently disclosed herein and can be utilized without limitation to further describe the R/

eroup having Structure G1.

{6063 In an aspect, R can be a phenyl group, a substituted phenyl group, a naphthyl group, or a
substituted naphthyl group; alternatively, a phenyl group or a substituted phenyl group; alternatively, a
naphthyl group or a substitted naphtby! group; alterpatively, a phenyl group or a naphthyl group; or
alternatively, a substituted phenyl group of a substituted naphthyl group. In some embodiments, R'
independently can be a phenyl group; alternatively, a substitoted phenyl group; alternatively, a naphthyl
aroup; or alternatively, a substitated naphthyl group. In an embodiment, the R’ substituted phenyl group
can be a 2-sabstituted phenyl group, a 3-substituted phenyl group, a 4-substituted phenyt group, a
2, 4-disubstituted phenyl group, a 2,6-disubstituted phenyl group, 3,5-disubstituted phenyl group, or a
2.4,6-trisubstituted phenyl group. In other embodiments, the R' substituted phenyl group can be a
2-substituted phenyl group, a 4-substituted phenyl group, a 2,4-disebstituted phenyl group, a 2,6-di-
substituted phenyl group, or a 2,4.6-trisubstituted phenyl group; alternatively, a 2-sabstituted phenyl

group, a 4-substituted phenyl group, a 2,4-disubstituted phenyl group, ot a 2,6-disubstituted pheayl group;
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alternatively, a 3-substituted phenyvl group or a 3,5-disubstituted phenyl group; alterpatively, a
2-substituted phenyl group or a 4-substituted phenyl group; alternatively, a 2.4-disubstituied phenyl
group, a 2.0-disubstituted phenyl group, or a 2,4,6-trisubstitated phenyl group; alternatively, a 2,6-di-
substituted phenvl group or a 2,4,6-trisubstituted phenyl group; slternatively, a 2 4-disubstituted phenyl
group or a 2.6-disubstituted phenyl group; alternatively, a 2-substituted phenvl group; alternatively, a
3-substituted phenyl group; alternatively, a 4-substituted phenyl group; alternatively, a 2,4-disubstituted
phenyl group; alternatively, a 2.6-disubsiituted phenyl group; alternatively, a 3,5-disubstituted pheayt
group; or alternatively, a 2,4,6-trisubstituted phenyl group. Substituents {(general and specific) are
independently disclosed herein and can be utilized without limitation to further describe any sabstituted

phenyl group which can be utilized as R,

{0064] In an cmbodiment, R’ can be a wapbth-1-yl group, a substituted naphth-1-yl group, a
naphth-2-yl group, or a substituted naphth-2-yl group. In some embodiments, R' can be a naphth-1-yl
group or a substituied naphth-1-yl groop; alternatively, a naphth-2-v1 group or a substituted naphth-2-vl
group; alternatively, a naphth-1-yl group; alternatively, a substituted naphth-1-yi group; alternatively, a
naphth-2-yl group; or alternatively, a substituted naphth-2-yl group. In otber ombodiments, R can be a
2-substituted naphth-1-yl group, a 3-substituted naphth-1-yi group, a 4-substituted naphth-1-yt group, or 3
S-substituted naphth-1-yl group; alternatively, a 2-substituted naphth-1-yl group; alternatively, a
3-substituted naphth-1-vl group; alternatively, a 4-sabstituted naphth-1-yl group; or alternatively, a
§-substituted naphth-1-yl group. Tn further embodiments, R' can be a 1-substituted naphth-2-y group, a
3-substituted vapbth-2-yi group, a 4-substituted naphth-2-v1 group, or a 1, 3-disubstituted naphth-2-yi
eroup; alternatively, a [-substituted naphth-2-yi group; alternatively, a 3-substituted naphth-2-yl group;
alfternatively, a 4-substituted naphth-2-yl group; or alternatively, a 1,3-disubstituted naphth-2-vl group.
Substituents {general and specific) are mdependently disclosed herein can be utilized without limitation to

further describe any substituted naphthy! groups which can be utilized as R’

[0065]  Inan aspect, R' can bave Structure G2

i N * Structure G2

Ré 16

wherein the undesignated valency is attached to the N’ nitrogen atom of the N-phosphinyl guanidine
group.  Generatly, R, R, R", R”, and R'® independently can be bydrogen or a non-hydrogen

substituent. In an embodiment wherein R' has Structure G2, R, R, R", RY, and R" can be hvdrogen,
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RY RY R, and R™ can be hydrogen and R can be a non-hydrogen substitucnt, R¥ RY R, and R
can be hydrogen and R" can be a non-hydrogen substituent, R, RP, R”, and R' can be hydrogen and

14

il i3 18 16 12 14
R" can be a non-hydrogen substituent, R°, R, and R'® can be hydrogen and R"” and R

can be non-
hydrogen substituents, R”, R, and R" can be hydrogen and R and R' can be non-hydrogen
substituents, R, R', and R' can be hydrogen and R” and R” can be non-hydrogen substituents, or R
and R can be hydrogen and R'%, R, and R'® can be non-hydrogen substituents. In some embodiments
wherein R' has Structure G2, R”, R™, R", and R'® can be hydrogen and R can be a non-hydrogen
substitaent, R, RY, R”, and R'® can be hydrogen and R canbe a non-hydrogen substituent, RY R,
and R'® can be hydrogen and R and R™ can be non-hyvdrogen substituents, R R™ and RY can be
hydrogen and R and R'® can be non-hydrogen substituents, or R and R" can be hydrogen and R, R™,
and R'® can be non-hydrogen substituents; alternatively,R'", R, R, and R'® can be hydrogen and R
can be a non-hydrogen substituent, R, R”, R", and R'® can be hydrogen and R'* can be a non-hydrogen
substitoent, R, R, and R can be hydrogen and R and R can be non-hydrogen substituents, or RE,
RY and R can be hydrogen and R and R'® can be non-hydrogen substituents; alternatively, RY, R,
1Y and R'® can be hydrogen and R’ can be a nou-hydrogen substituent, or R, R, and R" can be
hydrogen and R" and R" can be non-hydrogen substituents; alternatively, R, R", R®, and R" can be
hydrogen and R™ can be a non-hydrogen sabstituent, or R™, R”, R”, and R'® can be hydrogen and R
can be a non-hydrogen substituent; altemnatively, R RY, and R' can be hvdrogen and R'* and R can be
non-hydrogen substituents, RY, R™, and R can be hydrogen and R" and R can be non-hydrogen
substituents, or R’ and R" can be hydrogen and R, R', and R'® can be non-hydrogen substituents; or
alternatively, R, R", and R'® can be hydrogen and R and R™ can be non-hydrogen substituents, or R”,
R" and R" can be hydrogen and R and R'C can be non-hydrogen substituents. In other embodiments
wherein R' has Structure G2, R, RP, R, R, and R' can be hydrogen; alternatively, 7P RY RY and
R' can be hydrogen and R" can be a non-hydrogen substituent; alternatively, R'>, R, R, and R'C can
be hydrogen and R can be a non-hydrogen substimient; alternatively, R, R, R, and R'® can be
hydrogen and R'* can be a non-hydrogen substituent; alternatively, R, R, and R'® can be hydrogen and
R" and R' can be non-hydrogen substituents; alternatively, R, R", and R" can be hydrogen and R"
and R’ can be non-hydrogen substituents; alternatively, R, R', and R'® can be hydrogen and R” and
R" and can be non-hydrogen substituents; or alternatively, R and R’ can be bydrogen and R, R", and
R'® can be non-hydrogen substituents. Substituents (general and specific) are independently disclosed
herein and can be utilized without limitation as R, R”, RY, R”, and R" for the R group having

Structure G2,
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[0066] In an aspect, R can be a (| to Oy organcheteryl group; alternatively, a C, to Oy
organoheteryl group; alicmatively, a €, to Cy; organcheteryl group; altematively, a C; to Cy
organoheteryl group; or alternatively, a C, to Cs organcheteryl group. In an embodiment, R' can be a €,
to Cy cyclobeteryl group; altemnatively, a C, to Cy cycloheteryl group; aliernatively, 8 €y to Cs
cycloheteryl group; or alternatively, a €, to Cyo cycloheteryl group.  In some embodiments, the

cyclobeteryt group which can be utilized as R’ can be a substituted cyclohetery! group.

[0667] In some cmbodiments, R' can be a C; to Cy hydrocarbyl aminyt group, a C; to Cy
dihydrocarbvi aminyl group, a Cy to Csp cycloaminyt group, or a Gy to Ty substituted cycloaminyl group;
aiternatively, a C| to Csp hydrocarbyl aminyl group or a €y to sy dihydrocarbyl amunvl group;
afternatively, a Cy to Csp cycloaminyl group or a Cy to Cyo substituted cycloaminyl group; altematively, a
C, 10 Cy dihydrocarbyl aminyl group or a Cy to Ci cycloaminyl group; alternatively, a C; to Cy
bydrocarbyl aminyl group; alternatively, a C; to Cyy dihydrocarbyl aminyl group; alternatively, a Cs to Cyg
cycloaminyl groap; or altematively, a C. to Cso substituted cycloaminyl group. In other embodiments, R
can be a C, 1o Uy hydrocarbyl avunyl group, a O, to Cy dihydrocarbyl aminyl group, a 4 10 Ty
cycloaninyt group, or a €y fo Cyp substituted cycloaminyl group; altematively, a C, to Oy hydrocarbyl
aminy! group or a C; to Cyp dihydrocarbyl aminyl group; alternatively, a Cy to Cy cycloaminyl group or a
C4 to Ty substibited oycloaminyl group; altematively, a C; to Uy diltydrocarbyl aminyl group ora G, to
Cyo oycloaminyl group; alternatively, a C, to Cyp hydrocarbyl aninyl group; alternatively, a €, to Cy
dihydrocarbvl aminyl group; alternatively, a C; to Cy oycloanuny] group: or alternatively, a Gy to Cy
substituted cycloaminyl group. In vet other embodiments, R can be an a C; to €y, hydrocarbyt aminyl
group, 3 C; to Cs dihydrocarbyl aminyl group, a C4 to €5 eycloaninyl group, or a C4 to €5 substituted
cvcloaminyl group; alternatively, a C, to Cy hydrocarbyl aminyl grogp or a C; to Cis dihydrocarbyl
aminyl groop; alternatively, a Cy to C5 oycloaminyi group or a Gy to Cys substituted cycloaminyi group;
alternatively, a C, to s dibydrocarbyl avuny! group or a Cy to €5 cycloavuny! group; alternatively, a €,
to Cyo hydrocarbyl aminyl group; alternatively, a C, to Cys dihydrocarbyl anmunyl group; alternatively, a Cy
to C,s cycloaminyl group; or alternatively, a €, to C,; substituted cycloaminyl group. In further
embodiments, R’ can be an a C; to Cs hydrocarbyl aminyl group, a €, to €\ dihydrocarbyl aminyl group,
a Cy to Cyp cvcloaminyl group, or a C4 to Cyp substituted cycloanunyl group; alternatively, a C) to Cs
hydrocarbyl amioyl group or a C; to Oy dihydrocarbyl aminyl group; alternatively, a Gy to (o
cycloaminyl group or a C, to Cy; substituted cycloaminyl group; alternatively, a C; to Cyy dihydrocarbyl
aminy! group or a €, to Cyy cycloaminyl group; alternatively, a C; to Cs hydrocarbyl aminyl group;
alternatively, a C, to Cyy dihvdrocarbyl aminyt group; alternatively, a €y to Cy cycloaminyl group; or

alternatively, a C, to Cyo substituted cycloanunyl group.
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{3368]  In an embodiment, cach hydrocarbyl group of a hydrocarbyl aminy! group or a dibydrocarbyt
aminyl group can be a € to Cy hydrocarbyl group; alternatively, a | to Cy hydrocarbyl group;
alternatively, a C; to C;s hydrocarbyl group; alternatively, a C, to C)¢ hydrocarbyl group; or altematively,
a C, to s hydrocarbyl group. In an embodiment, each hydrocarbyl group of a hydrocarbyl aminyl group
or a dihydrocarbyl aminyl group independently can be an alkyl group, a cycloalkyl group, an aryl group,
or an aralkyl group; alternatively, an alkyl group; alteroatively, a cycloalkyl group; alternatively, an acyl
group; or alternatively, or aralkyl group. Alkyl groups, cycloalkyl groups, aryl group, and aratkyl groups
have been described herein a potential R', R”, R®, RY, and R” groups (among other potential group) and
these alkyl groups, cycloalkyl groups, aryl groap, and aratkyl groups can be atilized without himitation to
further describe the hydrocarbyl amuny! group and/or a dibydrocarbyl aminyl group that can be utilized a

R]

{00697  In an embodiment, R' can be a pyrrolidin-f-y1 group, a substituted pyrrolidin-1-v1 group, a
piperdin-1-yi group, a substituted pipendin-1-yl group, 8 morphilin-1-yl group, a substitated morphilin-1-
vi group, a pyrrol-1-y1 group, or a substituted pyrrol-1-vi group. In some embodiments, R’ can be a
pyrrolidin-1-yl group, a substiuted pyrrolidin-i-yl group, a piperdin-l-yl group, or a substituted
piperidin-1-yl group; a pyrrolidin-l-yl group or a substituted pyrrolidin-f-yl group; alternatively, a
piperdin-i-yl group or a substituted piperidin-i-yt group; alternatively, a morphibn-i-yl group or a
substituted morphilin-1-yl group; alternatively, a pyrroi-i-yl group or a substituted pyrrol-1-vl group;
alternatively, a pyrrolidin-1-yl group, a piperdin-1-vl group, a morphilin-i-vl group, or a pyrrol-1-yi
group; alternatively, a pyrrolidin-1-vi group or a piperdin-1-vl group; alternatively, a pyrrolidin-1-yi
group; alternatively, a substituted pyrrolidin-1-vl group; alternatively, a piperdin-1-yi group; alternatively,
a substitated piperidin-1-vl group; alternatively, a morphilin-i-yl group; aliernatively, a substituted
morphilin-1-yl group; alternatively, a pyrroi-1-yl group; or alternatively, a substituted pyrrol-1-yl group.
Generally, these specific cycloaminyl groups cao bave the same nomber of carbon atoms as the
cycloaminyl and substitted cycloaminyl group described herein. Substituents (general and specific) are
independently disclosed herein and these substituents can be utilized without limitation to further deseribe

the substituted cycloaminyl groups {general or specific) which can be utilized as R

[0070]  n an aspect, when the N' nitrogen atom of the N -phosphinyl guanidine group is attached to
an atom {carbon or a beteroatony of a ting or ring system group {cycloalkane group, aliphatic
heterocyclic group, cyclohetere group, aromatic group, arene group, heteroarene group, arvihetero group,
or any other disclosed herein), the cyclic R’ group can comprise at least one substituent at an atom
adjacent to the atom attached to N' nitrogen atom of the N’-phosphinyl goanidine group. In an

embodiment, when the N' nitrogen atom of the N-phosphiny! guanidine group is attached to an atom
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(carbon or a heteroatorn) of a ring ot ring system group {e.g., cycloalkane group, aliphatic heterocyelic
eroup, cycloheters group, argmatic group, areng group, hetercarens group, of arvlheters group, or any
other disclosed herein) the cyclic R' group can comprise at least one substituent at each atom adjacent to
the atom attached to N' nitrogen atom of the N'-phosphinyl guanidine group. In another embodiment,
when the N' nitrogen atom of the N -phosphinyl suanidine group is attached to an atom (carbon or a
heteroatorn) of a ring or ving systern group {(e.g., cycloalkane group, aliphatic beterocyclic group,
cyclohetero group, aromatic group, arene group, heteroarene group, or arylhetero group, or any other
disclosed herein), the cyclic R' group can consist of one substituent at each atom adjacent to the atom
attached to N' nitrogen atom of the N -phosphinyl guanidine group. In other embodiments, when the N
nitrogen atom of the N -phosphinyl guanidine group is attached to an atom (carbon or a heteroaton) of a
ring or ring system group {c.g., cycloatkane group, aliphatic heterocyclic group, cyciohetere group,
aromatic group, arene group, hetercarene group, or arylhetero group, or any other disclosed herein), the
cyclic R group can comprise only one sabstituent at an atom adjacent to the atom attached to N' nitrogen
atom of the N-phosphinyl guanidine group. In another embodiment, when the N' nitrogen atom of the
N -phosphinyl guanidine group is attached to an atom {carbon or a heteroatom) of a ring of ring system
group {e.g., cycloalkane group, aliphatic heterocyclic group, cyclohetere group, aromatic group, arene
aroup, hetercarene group, or arvihetero group, or any other disclosed herein), the cyelic R' group can
comprise only one substituent at each atom adjacent to the atom attached to N' nitrogen atom of the N°-
phosphinyl guanidine group. In yet another embodiment, when the N' nitrogen atom of the N°-
phosphinyl guanidine group 8 attached to an atom {carbon or a heteroatom) of a ring or ring systerm group
(e.g., cycloalkane group, aliphatic heterccyclic group, cyclohetero group, aromatic group, arene group,
heteroarene group, or arvihetero group, or any other disclosed herein), the cyelic R' group can consist of
only one substituent located at each atom adjacent to the atom attached to N' nitrogen atom of the N-

phospbinyl guanidine group.

[0071]  In an embodiment, when the N nitroges atom of the N'-phosphinyl guanidine group is
attached to a carbon atom of a cycloalkane or arene ring or ring system, the cyclic R' group can comprise
at least one substituent located on a carbon atom adjacent to the carbon atom attached to N' nitrogen atom
of the N'-phosphinyl goanidine group. In some embodiments, when the N' nitrogen atom of the
N .phosphiny! guanidine group is attached to a carbon atom of a cycloalkane or arene ring or ring syster,
the cyctic R' group can comprise at least one substituent located on cach carbon atom adjacent to the
carbon atom attached to N' nitrogen atom of the N -phosphinyl guanidine group. In another embodiment,
when the N' nitrogen atom of the N-phosphinyl guanidine group is attached to a carbon atom of a

cycloatkane or arene ring or ring system, the cyclic R' group can consist of one substituent located on
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cach carbon atom adjacent to the carbon atom attached to N' nitrogen atom of the N -phosphinyt
ouaniding group. In other embodiments, when the N' nitrogen atom of the N -phosphinyl guanidine
group is attached to a carbon atom of a cycloalkane or arenc ring or ring system, the cyelic R' group can
comprise only one substituent located on a carbon atom adjacent to the carbon atom attached to N
nitrogen atom of the N -phosphiny! guanidine group. In another embodiment, when the N nitrogen atom
of the N’-phosphiny! guanidine group is attached to a carbon atom of a cycloalkanc or arenc ring or ring
systemn, the cyclic R' group can comprise only one substituent located on each carbon atom adjacent to
the carbon atom attached to N' nitrogen atom of the N -phosphinyl guanidine group. In yet another
embodiment, when the N' nitrogen atom of the N™-phosphiny! guanidine group is attached to a carbon
atom of a cycloalkane or arenc ring or ring systern, the cychic R' group can consist of only one substituent
located on each carbon atom adiacent to the carbon atom attached to N' nitrogen atom of the

NI S TR T O
N--phosphinyl guanidine group.

{0072} In a non-limiting embodiment, R' can be a phenyl group, a 2-alkylphenyl group, a 3-alkyl-
phenyl group, a 4-alkyiphenyl group, a 2,4-dialkyiphenyl group, a 2,6-dialkylphenyl group, a 3,5-dialkyl-
phenyl group, or a 2,4,6-trialkyipheoyl group; alternatively, a 2-alkylphenyl group, a 4-alkylphenyl group,
a 2. 4-dialkylphenyl group, a 2,6-dialkyiphenyl group, or a 2,4,6-trialkyiphenyl group; alterpatively, a
2-atkyiphenyl group or a 4-alkyiphenyl group; alternatively, a 2.4-dialkylphenyl group, a 2,6-dialkyl-
phenyl group, or a 2.4.6-trialkylphenyl group; alternatively, a 2,4-dialkylphenyl group or a 2,6-chalkyl-
phenyl group; alternatively, a 2,6-dialkylphenyl group, or a 2,4, 6-trialkylphenyl group; alternatively, a
3-alkyipbenyl group or a 3,5-dialkylphenyl group; alternatively, a 2-alkylphenyt group or a 2,6-dialkyl-
phenyl group; alternatively, a 2-alkyiphenyl group; alternatively, a 3-alkviphenyl group; alternatively, a
4-atkyiphenyl group; alternatively, a 2 4-dialkylphenyl group; alternatively, a 2,6-dialkylphenyl group;
alternatively, a 3,5-diatkylphenyl group; or altemnatively, a 2,4, 6-trialkylphenyl group. In another noo-
limiting embodiment, R' can be a naphth-1-yl group, a naphth-2-yl group, a 2-atkylnaphth-1-yl group, a
{-alkylnaphth-2-y1 group, a 3-alkyinapth-2-yl group, or a 1,3-dialkyvinaphth-2-vl group; alternatively, a
naphth-1-vi group or a Z-alkylnaphth-1-vl group; alternatively, a naphth-2-y1 group, a L-alkylnaphth-2-v1
group, a 3-alkyinapth-2-vl group, or a 1,3-dialkylnaphth-2-y1 group; alternatively, a naphth-1-yl group;
alternatively, a naphth-2-yl group; altematively, a 2-alkylnaphth-1-yl group; altematively, a l-alkyl-
papbth-2-vl group; altersatively, a 3-alkyloapth-2-yl group; ot aliernatively, a 1,3-dialkyvioaphth-2-vi
group. In other non-limiting embodiments, R’ can be a cyclohexyl group, a 2-alkyleyclohexyl group, ora
2,6-dalkyloyclohexyl group; alternatively, a cyclopentyl group, a 2-alkyleyclopentyl group, or a
2, 5-dialkylevclopentyl group; alternatively, a cyclohexyl group; alternatively, a 2-alkylcyciohexy! group;

alternatively, a 2,6-diatkyicyelohexyt group; alternatively, a cyclopentyl group; alternatively, a 2-alkyl-



WO 2013/184579 PCT/US2013/043902

31

21

cyclopentyl group; or alternatively, a 2,5-dialkvicyclopenty! group. Alkyl sroup substitients (geoeral and
specific) are independently described herein and can be utilized, without limitation, to further describe the
atkylphenyl, dialkyiphenyl, tnialkylphenyl, naphthyl, dialkylnaphthyl, alkyloyclohexyl, dialkvicyclohexyl,
atkyleyclopentyl, or dialkyleyclopentyl sroups that can be utilized R\, Generally, the alky! substituents of
a diatkyl or trialkyl phenyl, naphthyl, cyclohexyl, or cyclopentyl group can be the same; or alternatively,
the alkyl substituents of a dialkyl or trialkyl phenvl, naphthvl, cyclohexyl, or cyclopentyl group can be

different.

{60673} In another non-limiting embodiment, R' can be a pbenyl group, a 2-alkoxyphenyl group, a
3-atkoxyphenyl group, a 4-alkoxyphenyl group, or a 3,5-diatkoxyphenyl group; alternatively, a 2-alkoxy-
phenyl group or a 4-alkoxyphenyl group; alternatively, a 3-alkoxyphenyl group or a 3,5-dialkoxyphenyl
group; alternatively, a 2-alkoxyphenyl group; alterpatively, a 3-alkoxyphenyl group; alternatively, a
4-atkoxvyphenyl group; alternatively, a 3,5-diatkoxyphenyl group. Alkoxy group substituents (general and
specific) are independently deseribed herein and can be utilized, without limitation, to further describe the
alkoxyphenyl or dialkoxyphenyl groups that can be utilized R, Generally, the alkoxy substituents of a
dialkoxypheny! group can be the samwe; or alternatively, the alkoxy substituents of a dialkoxypheoy! group

can be different.

{6874]  In other non-limiting embodiments, R' can be a phenyl group, a 2-halophenyl group, a 3-halo-
phenyl group, a 4-halophenyl group, a 2,6-dihalophenvigroup, or a 3,5-diatkylphenyl group; alternatively,
a 2-halophenyl group, a 4- balophenyl group, or a 2,6-dihalophenyl group; alternatively, a 2-halophenyl
group of a 4-halopbenyl group; alternatively, a 3-halophenyl group or a 3,5-dihalophenyl group;
alternatively, a 2-halophenyl group; alternatively, a 3-halophenyl group: alternatively, a 4-halophenyl
group; alternatively, a 2,6-dihaiophenyl group; or alternatively, a 3,5-dihalophenyl group. Halides are
independently described herein and can be utilized, without lumitation, to further describe the halophenyl
or dibalopheny! groups that can be utilized R'. Generally, the halides of a dihalophenyl group can be the

same; of alternatively, the halides of a dihalophenyl group can be different.

[B075] in a non-limiting embodiment, R' can be a 2-methylphenyl group, a 2-cthylphenyl group, a
2-n-propvipheny! group, a 2-isopropylphenyl group, a 2-tert-butylphenvl group, a 3-methylphenyl group,
a 2,6-dimethylphenyl group, a 2,6-diethylphenyl group, a 2,6-di-n-propyiphenyl group, a 2,6-diisopropyi-
pheoyl group, a 2,6-di-teri-butyiphenyi group, a 2-isopropyi-o-methylphenyl group, a 3,5-dimethyl group,
or a 2.4.6-trimethylphenyl group; alternatively, a Z-methyiphenyl group, a 2-cthylphenyl group, a
2-n-propyiphenyl group, a 2-isopropylphenyl group, or a 2-tert-butylphenyl group; alterpatively, a

2, 6-dimethylphenyl group, a 2,6-diethviphenyl group, a 2,6-di-n-propylphenyl group, a 2,6-diisopropyl-
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phenyl group, a 2,6-di-tert-butylphenyl group, or a Z-isopropyl-6-methylphenyl group; alternatively, a
2-methylpbenyl group; alternatively, a Z-ethylphenyl group; alternatively, a 2-n-propylphemyl zroup;
alternatively, a 2-isopropylphenyl group; alternatively, a 2-tert-butylphenyl group; alternatively, a
3-methylphenyl group; alternatively, a 2.6-dimethylpheny! group; alternatively, a 2,6-diethylphenyl
group; alternatively, a 2.6-di-n-propylphenyl group; alternatively, a 2.6-dusopropylphenyl group;
alternatively, a 2.6-di-tert-butylpheny! group; alternatively, a Z-isopropyl-6-methylpbenyl group;
alterpatively, 3 3,5-dimethyiphenyl group; or alternatively, a 2.4,6-trimethylphenyl group. In another
non-limiting embodiment, R' can be a Z-methylcyclohexyl group, a 2-cthylcyclobexyl group, a
Z-asopropylevelohexyl group, a 2-tert-butyloyclohexyl group, a 2.6-dimethylcycichexyl group, a
2, 6-diethylcvclohexyl group, a 2,6-disopropyicyclohexyl group, or a 2, 6-di-tert-butvicyclohexyl group;
alternatively, a Z-methyvlcyclohexyl group, a Z-ethyleyelohexyl group, a 2-isopropyleyclohexyl group, or
a 2-tert-butylcyclohexyl group; alternatively, a 2,6-dimethyloycichexyl group, a 2,6-disthyleyclohexyl
group, a 2.6-ditsopropyloyclohexyl group, or a 2.6-di-tert-butylcyclohexyl group; alternatively, a
Z-methyicyclohexyl group; altematively, a Z-ethylcyclohexyl group; alternatively, a 2-isopropyl-
cyclobexyl group; alternatively, a 2-tect-butyleyciohexyl group; alterpatively, a 2.6-dimethyleyclohexyl
group; alternatively, a 2.6-dicthyloyelohexyl group; alternatively, a 2, 6-ditsopropyicyciobexyl group; or
alternatively, a 2,6-di-tert-butylcyclohexyl group. In another non-limiting embodiment, R’ can be a
2-methyinaphth-1-yl group, a 2-cthylpaphth-1-y1 group, a 2-n-propylnaphth-1-yl group, a 2-isopropyl-
naphth-1-yl group, or a 2-tert-butyinaphth-1-yi group; alternatively, a Z-methylnaphth-1-yl group;
alteroatively, a 2-cthylnaphth-1-yi group; alternatively, a 2-n-propyinaphth-1-yl group; alternatively, a

2-tsopropylnaphth-1-yl group; or alternatively, a 2-tert-butylnaphth-1-yi group.

[0876]  Inanon-limiting embodiment, R' can be a 3-methoxyphenyl group, a 3-ethoxyphenyl group, a
3-isopropoxyphenyl group, a 3-tert-butoxyphenyl group, a 4-methoxyphenyl group, a 4-ethoxyphenyl
group, a 4-isopropoxyphenyl group, a 4-teri-butoxyphenyl group, a 3,5-dimethoxyphenyt group, a
3,5-diethoxyphenyl group, a 3.5-diisopropoxyphenyl group, or a 3.5-di-tert-butoxyphenyl group;
alternatively, a 3-methoxyphenyl group, a 3-cthoxyphenyl group, a 3-isopropoxyphenyl group, or a 3-tert-
butoxyphenyl group; alternatively, a 4-methoxyphenyvl group, a 4-ethoxyphenyl group, a 4-isopropoxy-
phenyl group, or a 4-tert-butoxyphenyl group; or alternatively, a 3,5-dimethoxyphenyl group, a
3,5-disthoxyphenyl group, a 3,5-ditsopropoxyphenyl group, or a 3,5-di-tert-butoxypbenyl group. o other
non-limiting embodiments, R' can be a 3-methoxyphenyl group; alternatively, a 3-cthoxyphenyl group;
alternatively, a 3-isopropoxyphenyl group; alternatively, a 3-tert-butoxyphenyl group; altematively, a
4-methoxyphenyl group; alternatively, a 4-ethoxyphenyl group; alternatively, a 4-isopropoxyphenyl

group; alternatively, a 4-teri-butoxyphenyl group; alternatively, a 3,5-dimethoxyphenyl group;
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alternatively, a 3,5-dicthoxyphenyl group; alternatively, a 3,5-diisopropoxyphenyl group; or aliernatively,

-

a 3,5-di-tert-butoxyphenyi group.

{60777 Inanaspect, R and R™ independently can be hydrogen, an organyl group, or a triorganylsilyl
group; alternatively, hydrogen or an organyl group; alternatively, hydrogen or a tnorganylsilyl group;
alternatively, hydrogen; alternatively, ao organyl group; or altematively, a triorganyisiiyl group. In
another aspect, R™ and/or R™ independently can be hydrogen, an organyl group consisting essentially of
inert functional groups, or a tri{organyl group consisting essentially of inett functional groups)silyl group;
alternatively, hydrogen or an organyl group consisting essentially of inert functional groups; alternatvely,
bydrogen or a tri{organyl group consisting essentially of inert functional groups)siyl group; alternatively,
an organyl group consisting esseutially of ivert fuoctional groups or a tri{organyl group consisting
essentially of 1nert fuoctional groupsisilyl group; alternatively, an organy! group consisting essentially of
inert functional groups; or alternatively, a tri(organyl group consisting essentially of inert functional
groups)silyl group. Tn an aspect, R™ and R™ independently can be hydrogen, a hydrocarbyl group, or a
trihvdrocarbylsilyl group; alternatively, hydrogen or a hydrocarbyl group; alternatively, hydrogen or a
trthydrocarbylsilyl group; altersatively, a hydrocarbyl or a trthydrocarbylsityl group; alternatively, a
bydrocarbyl group; or alternatively, a trihydrocarbylsilyl group. Organyl groups, general and specific, are
disclosed hercin {c.g.. as potential selections for R') and any aspect or embodiment of these organyl
groups disclosed herein can be utilized as R™ and/or R™ or as each independent organyl group of the

b

triorganylsilyl group which can be utilized as R™ and/or R™. Organyl groups consisting ossentially of
inert functional groups, general and specific, are disclosed herein (e.g., as potential selections for R'Y and
any aspect or embodiment of these organyl groups consisting essentially of ipert functional group
disclosed herein can be utilized as R™ and/or R™ or as cach independent organyl group consisting
essentially of mert functional groups of the tni{organyl group consisting essentially of inert fanctional

b

groups)silyl group which can be utilized as R™ and/or R”™. Hydrocarby! groups, general and specific, are
disclosed herein (e.g., as potential selections for R') and any aspect or embodiment of these hydrocarbyl
oroups disclosed herein can be utilized as R™ and/or R™ or as cach independent hydrocarbyl group of
trihydrocarbylsilyl group which can be utilized as R™ and/or R™. In vet other embodiments, R™ and/or
R™ independently can be a Cx to Cy aromatic group; altermatively, a Cy to Cyp aromatic group;

alternatively, a C; to C;s aromatic group; or alternatively, a Cs to Cyp aromatic group.

{0878]  Inan aspect, R™ and R™ independently can be a C; to Cy, alkyl group, a € to Cy, cycloalkyl
group, a U, to Cso substituted cycloalkyl group, a Ce to Ty aryl group, or a Cg to Csp substituted aryl
group; alternatively, a €y to Csp cycloalkyl group or a Oy to Oy substituted cycloalkyl group;

afternatively, a Co to Csp aryt group or a Cg to Cp substituted aryl group; alternatively, a C; to Cyp atkyl
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group; altematively, a Cy to Cy oveloalkyd group; afternatively, a Cy to Cso substituted cycloalkyl group;
alternatively, a Cq to Cyp aryl group; or alternatively, a Cg to Cs, substituted arvl group. 1o an embodiment
R™ and R™ independently can be a C to Cy5 alkyl group, a C4 to Cyp oyeloalkyl group, a 4 to Cy
substitited cycloalkyl group, a Cs to Cop aryl group, or a G to Cyp substituted aryl group; alternatively, a
Cy to Cyp cycloatkyl group or a C4 to Cyp substituted cycloatkyl group; alternatively, a Cq to Cy aryl group
or a Cg to Cyp substituted aryl group; altemnatively, a C, to Cy5 alkyl group; altemnatively, a Cs to Ty
cycloalkyl group; alternatively, a Cy to Cy substinted cycloalkyl group; alternatively, a Cg to Ty aryl
group; or alternatively, a Cq to Cy substituted aryl group. In other embodiments, R™ and R™
mdependently can be a C, to Co alkyl group, a €, to Cis cycloatiyl group, a € to Cs substituted
cvcloalkyl group, a Cq to Cis aryl group, or a Cg to Cs substituted aryl group; alternatively, a €y 10 Cis
cycloatkyi group or a C; to €5 substituted cycloalkyl group; alternatively, a Cq to Cys aryl group or a G
to Cys substituted aryl group; alternatively, a C, to Cyp alkyl group; alternatively, a C4 to C,5 cycloalkyl
group; alternatively, a €, to €5 substituted cycloalkyl group; alternatively, a Cg to Cy5 aryl group; or
alternatively, a Cq to C)s substitated aryt group. In further embodiments, R™ and R™ independently can
be a ) to Cs afkyl group. Substituents {general and specific) are independently disclosed herein and can
be utilized without limitation to further describe substituted groups which can be utilized as R™ and/or

E 2h

{6679]  In an embodiment, R* and R™ independently can be a methyl group, an cthyl group, a propyl
group, a butyl group, a pentyl group, a hexyl group, a bheptyl group, an octyl group, a nonyl group, or a
decyt group. In some embodiments, 1™ and R™ independently can be a methyl group, an cthyl group, an
a-propyl group, an iso-propyl group, an n-butyl group, an iso-butyl group, a sec-butyl group, a tert-butyl
group, an n-pentyl group, an iso-pentyl group, a sec-pentyl group, or a neopentyl group; alternatively, a
methyl group, an ethyl group, an iso-propyl group, a tert-butyl group, or a neopentyl group; alternatively,
a methyl group; alteratively, an cthyl group; altematively, an n-propyl group; alternatively, an iso-propyl
group; alternatively, a tert-butyl group; or alternatively, a neopentyl group. In some embodiments, the
alky! groups which can be utilized as R™ and/or R can be substituted. Each substituent of a substituted
atkyl group independently can be a halogen or a hydrocarboxy group; alternatively, a halogen; or
alternatively, a hydrocarboxy group. Halogens and hydrocarboxy groups (general and specific) are
independently disclosed herein {e.g., as general substituents and substituents for substituted R' groups)
and can be utilized without imitation o further describe the substituted alkyl group which can be utilized

as R*® and/or R®.

[00%0] T an embodiment R™ and R™ independently can be a cyclobutyl group, a substituted

cvclobutyl group, a cyclopentyl group, a substituted cyclopenty! group, a cyclohexyl group, a substituted
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cyclohexyl group, a cycloheptyl group, a substituted cyvclobeptyl group, a cyclooctyl group, or a
substituted cyclooctyl group. In some embodiments, R™ and R” independently can be a cyclopentyl
group, a substituted cyclopentyl group, a cyclohexyl group, or a substtuted cyclohexyl group. In other
embodiments, R and R™ independently can be a cyclopentyl group or a substituted cyclopentyl group;
or alternatively, a cyclohexyl group or a substituted cyclohexyt group. In further embodiments, R™ and
R™ independently can be a cyclopentyl group; alternatively, a substituted cyclopentyl group; a cyclohexyl
group; or alternatively, a substitoted cyclohexyl group.  Substituents {(gencral and specific) arc
independently disclosed herein and can be utilized without limitation to further describe the substitated

- o 2 26
cycloatiy! group which can be utilized as R™ and/or R™.

[0081]  Tnanaspect, R® and R” independently can have Structure G3 and Structure G4, respectively:

R\BAC R35C

Structure 3 Structure (4

wherein, the undesignated valency of Structure (3 and Structure G4 is attached to the N7 nitrogen atom
of the N-phosphinyl guanidine group. Generally, R, R, R*™, and R™ of Structure G3 and R™%, R,
R and R™ of Structure G4 independently can be hydrogen or a non-hydrogen substituent, and each n
mdependently can be an integer from 1 to 5. In an embodiment wherein R™ has Structure G3, R*, R™,

24¢ 2S5 22 -~ . .
R and R can be hydrogen and R* can be any non-hydrogen substituent disclosed herein; or

30

alternatively, R*'°, R* and R™ can be hydrogen and R™ and R™ independently can be any non-
hydrogen substitucnt disclosed herein. In an embodiment wherein R™ has Structure G4, R, R¥, R*,
and R™ can be hydrogen and R>™ can be any non-hydrogen substituent disclosed herein; or alternatively,
R R, and R*™ can be hydrogen and R7°° and R** independently can be any non-hydrogen substituent
disclosed herein. In an embodiment, each n independently can be an integer from 1 to 4; or alternatively,
from 2 to 4. In other embodiments, cach o independently can be 2 or 3; altematively, 2; or alicrnatively 3.
Substituents {gencral and specific) are independently disclosed hercin and can be utilized without
limitation as R, R™°, R*™, and R™° for the R™ group having Structure G3 and/or R, R, R™ and

3Sc ¢ 3 2b : > -~
R for the R group having Structure G4.

[0082]  Tn an cmbodiment, R™ and R™ independently can be a phenyl group or a substituted phenyl
group. In some embodiments, R™ and R™ can be a phenyl group; or alternatively, a substituted phenyt

group. In an embodiment, the R™ and R™ substituted phenyl group independently can be a 2-substituted
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phenyl group, a 3-substitited pheny! group, a 4-substituted phenyl group, a 2,4-disubstituted phenyt
eroup, a 2,6-disubstituted phenyl group, a 3,5-disubstituted phenyl group, or a 2,4,6-trisubstituted phenyl
group. In other embodiments, the R™ and R™ substituted pheny! group independently can be a 2-
substituted phenyl group, a 4-substituted phenyl group, a 2.4-disubstituted phemyl group, a
2, 6-disubstituted phenyl group, or a 2,4,6-trisubstituted phenyl group; alternatively, a 2-substituted phenyl
group, a 4-substituted phenyl group, a 2,4-disubstituted phenyl group, or a 2,6-disubstituted phenyt group;
alternatively, a 3-subsituted phenyl group or a 3,5-disubstituted phenyl group; aliernatively, a
2-substituted phenyl group or a 4-substituted phenyl group; alternatively, a 2,4-disubstituted phenyl
group, 8 2.6-disubstituted phenyl group, or a 2.4.6-trisubstitited phenyl group; alternatively, a
2. 6-disubstituted phenyl group or a 2,4,6-trisubstituted phenyl group; alternatively, a 2,4-disubstituted
phenvl group or a 2.6-disubstituted phenyl group; alternatively, a 2-substituted pheayl group;
alternatively, a 3-substituted phenyl group; alternatively, a 4-substituted pheayl group; alicrnatively, a
2 4-disubstituied phenyl group; alternatively, a 2,6-disubstituted phenyl group; alternatively, a
3 5-cisabstituted phenyl group; or alternatively, a 2,4,6-trisubstituted phenyl group. Substituents {general
and specific) are independently disclosed herein and can be utthized without finutation to further describe

any substituted phenyt group which can be utilized as R™ and/or R™.

[0083]  Inan aspect, R™ and R” independently can have Structure G5 and Structure G6, respectively:

Rzi R22 R33 282
7\ ra
R4 /// ) « R34 N
:.__.r"/ “-\ ) ....... :
?'-‘(?5 R26 Rgi, Rgs
Structure G3 Structure Go

wherein the undesignated valency of Structure GS and Structure G6 is attached to the N” nitrogen atom of
the N -phosphiny! guanidine group. Generally, R, R, R™, R”, and R™ of Structure G5 and R, R”,
R™, R¥, and R of Structure G6 independently can be hydrogen or a non-hydrogen substituent, Tn an
embodiment, R™, R, R, R, and R™ of Structure G35 can be hydrogen, RP, R*, R”, and R™ can be
hydrogen and R* can be a non-hydrogen substituent, R™, R*, R”, and R™ can be hydrogen and R™ can
be a non-hydrogen substituent, R”, R®, R”, and R™ can be hydrogen and R can be a non-hydrogen
substituent, R”, R”, and R™ can be hydrogen and R* and R™ can be non-hydrogen substituents, RE, RY,
and R™ can be hydrogen and R™ and R™ can be non-hydrogen substituents, R™, R™, and R™ can be
hydrogen and R™ and R™ can be non-hydrogen substituents, or R™ and R” can be hydrogen and R, R,

and R™ can be non-hydrogen substituents. In some embodiments, R®, R, R”, and R™ of Structure G5
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can be hydrogen and R™ can be a non-hydrogen substituent, R™, R™, R”, and R™ can be hydrogen and
R™ can be a non-hydrogen substituent, R, R™, and R™ can be hydrogen and R™ and R™* can be non-

: 23 24 25 22 26
hydrogen substituents, R™, R™, and R™ can be hydrogen and R™ and R™ can be non-hydrogen

25

substituents, or R and R™ can be hydrogen and R™, R™, and R™ can be non-hydrogen substituents;
alternatively, R”, R™, R®, and R™ can be hydrogen and R¥?canbea non-hydrogen substituent, R¥ RZ,
R”, and R™ can be hydrogen and R™ can be a non-hydrogen substiment, R”, R™, and R™ can be
hydrogen and R* and R™ can be non-hydrogen substituents, or R, R*, and R* can be hydrogen and R

24

and R™ can be non-hydrogen substituents; alternatively, R”, R™, R”, and R™ can be hydrogen and R™
can be a non-hydrogen substituent, or R, R™, and R* can be hydrogen and R™ and R can be non-
hydrogen substituents; alternatively, R, R®, R”, and R* can be hydrogen and R™ can be a non-
hydrogen substituent, or R, R, R”, and R™ can be hydrogen and R™ can be a non-hydrogen
substituent; alternatively, R™, R™, and R™ can be hydrogen and R™ and R™ can be non-hydrogen
substitoents, R™, R*, and R* can be hydrogen and R™ and R™ can be non-hydrogen substitaents, or R”
and R can be hydrogen and R™ R*, and R™ can be non-hydrogen substituents; or alternatively, RE, R,
and R™ can be hydrogen and R™ and R™ can be non-hydrogen substituents, or R™, R™, and R” can be
hydrogen and R™ and R™ can be non-hydrogen substituents. In other embodiments, R, R®, R, R”,
and R™ of Strnucture G35 can be hydrogen; alternatively, R¥, R™ R™, and R™ can be hydrogen and R can
be a non-hydrogen substituent; alternatively, R, R™, R”, and R™ can be hydrogen and R™ can be a non-
hydrogen substituent; alternatively, R, R”, R”, and R™ can be hydrogen and R* can be a non-hydrogen
substituent; alternatively, R”, R”, and R™ can be hydrogen and R™ and R™ can be non-bydrogen
substituents; alternatively, R™, R*, and R™ can be hydrogen and R™ and R™ can be non-hydrogen

: : 2 [ 26 2 2
substituents; alteratively, R, R™, and R* can be hydrogen and R™ and R™ and can be non-hydrogen

21
43

substitoents; or altermatively, R™ and R* can be hydrogen and R*” R™ and R™ can be non-hydrogen
substituents.  In an embodiment, R% RY, R, R, and R™ of Structure G6 can be bydrogen, RY R*,
1", and R can be hydrogen and R’ can be a non-hydrogen substituent, R, R, Y, and R* can be
hydrogen and R™ can be a non-hydrogen substitaent, R, R¥, R™, and R™ can be hydrogen and R™ can
be a non-hydrogen substituent, R, R”, and R™ can be hydrogen and R and R* can be non-hydrogen
substituents, R, R™, and RY can be hydrogen and R* and R™® can be non-hydrogen substituents, R¥,
R™, and R™ can be hydrogen and R and R™ can be son-hydrogen substituents, or R™ and R can be
hydrogen and R, R™, and R’ can be non-hydrogen substituents. In some embodiments, R, R™, R¥,
and R*® of Structure G6 can be hydrogen and R*canbean non-hydrogen substitoent, RBZ, R”, R”, and R
can be hydrogen and R™ can be a non-hydrogen substituent, R, RY, and R can be hydrogen and R

- . 33 34 k] 32 »
and R** can be non-hydrogen substituents, R, R, and R™ can be hydrogen and R* and R can be non-
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hydrogen substituents, or R and R can be hydrogen and R”, R™, and R™ can be non-hydrogen
substituents; alternatively, R>, R, R”, and R* can be hydrogen and R™ can be a non-hydrogen
substituent, R”, Rzg, R35, and R™ can be hydrogen and R*canbe a non-hydrogen substituent, Rzg, R35,
and R™ can be hvdrogen and R and R™ can be non-hydrogen substituents, or R, R¥, and R* can be
hydrogen and R and R’ can be non-hydrogen substituents; alternatively, R R™, R, and R™ can be
hydrogen and R™ can be a non-hydrogen substituent, or R, R™, and R™ can be hydrogen and R™ and R™
can be non-hydrogen substituents; alternatively, R, R™, R, and R™ can be hydrogen and R” can be a
non-hydrogen substituent, or R, R”, R¥, and R can be hydrogen and R™ can be a non-hydrogen
substituent; alternatively, R”, R, and R™ can be hydrogen and R and R™ can be non-hydrogen
substituents, R, R*, and B> can be hydrogen and R™ and R™ can be non-hydrogen substituents, or R”
and R™ can be hydrogen and R, RY, and R*® can be non-hydrogen substituents; or aliernatively, R R®,
and R* can be hydrogen and R™ and R can be non-hydrogen substituents, or R, R, and R can be
hydrogen and R and R* can be non-hydrogen substituents, In other embodiments, R¥ R¥, R* RY,
and R’ of Structure G6 can be hydrogen; alternatively, R, R™, R, and R can be hydrogen and R™ can
be a non-hydrogen substituent; altematively, R™, R™, R™, and R™® can be bydrogen and R” can be a non-
hydrogen substituent; alternatively, R, R, R, and R* can be hydrogen and R™ can be a non-hydrogen
substituent; alternatively, R™, R, and R™ can be hydrogen and R™ and R™ can be non-hydrogen
substituents; alternatively, R¥, R¥ and R™ can be hyvdrogen and R* and R™ can be non-hydrogen
substituents; alternatively, R, R™, and R*® can be hydrogen and R and R™ and can be non-hydrogen
substituents; or altematively, R and R* can be hydrogen and R, R™, and R™ can be non-bydrogen
substituents, Substituents (general and specific) are independently disclosed herein and can be wvtilized
without Himitation as R™, R”, R*, R, and/or R™ for the R*™ group having Stractare G§ and/or R¥ R¥,

R, R, and/or R™ for the R™ group having Structure G6.

0084]  In a non-limiting embodiment, R™ and R™ independently can be a phenyl group, a Z-alkyl-
phenvl group, a 3-alkylphenyl group, a 4-alkylphenyl group, a 2,4-dialkylphenyi group, a 2,6-dialiyl-
phenyl group, a 3,5-dialkylphenyl group, or a 2,4,6-triatkylphenyl group; aliernatively, a 2-atkyiphenyl
group, a 4-alkylphenyl group, a 2,4-dialkylpbhenyl groop, a 2.6-dialkyiphenyl group, or a 2,4,6-triatkyl-
phenyl group; altematively, a 2-alkyiphenyl group or a 4-alkyiphenyl group; alternatively, a 2,4-dialkyl-
pheoyl group, a 2,6-dialkyiphenyl group, or a 2,4,6-trialkylpheny! group; alternatively, a 2,4-dialkyl-
phenyl group or a 2,6-dialkylphenyl group; alternatively, a 2,6-dialkyviphenyl group, or a 2,4, 6-trialkyl-
phenyl group; alterpatively, a 3-alkyiphenyl group or a 3,5-dialkyviphenyl group; alternatively, a 2-alkyl-
phenyl group or a 2,6-dialkylpheny! group; alternatively, a 2-alkviphenyl group; alternatively, a 3-alkyl-

phenyl group; alternatively, a 4-alkylpheny! group; alternatively, a 2 4-diatkylphenyl group; alternatively,
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a 2,6-diatkylphenyl group; alternatively, a 3,5-dialkyiphenyi group; or alternatively, a 2,4, 6-trialkylphenyl
group. In another non-limiting embodiment, R™ and R™ independently can be a phenyl group, a
2-atkoxyphenyl group, a 3-alkoxyphenyl group, a 4-alkoxyphenyl group, or 3,5-dialkoxyphenyi group;
alternatively, a 2-atkoxypheovl group or a 4-alkoxyphenyl group; alternatively, a 3-alkoxyphenyl group
or 3,5-diatkoxyphenyl group; alternatively, a 2-alkoxyphenyl group; alternatively, 3-alkoxyphenvl group;
alternatively, a 4-alkoxypheny! group; altematively, 3,5-diatkoxyphenyl group. In other non-limiting
embodiments, R* and R™ independently can be a phenyl group, a 2-halophenyl group, a 3-halophenyl
group, a 4-halophenyl groop, a 2.6-dihalophenylgrounp, or a 3,5-dhalkylphenyl group; alternatively, a
2-halophenyl group, a 4- halophenyl group, or a 2,6-dihalophenyl group; alternatively, a 2-halophenyl
group or a 4-halopheryl group; alternatively, a 3-halophenyl group or a 3,5-dihalophenyl group;
alternatively, a 2-halophenyl group; alternatively, a 3-halophenyl group; alternatively, a 4-halophenyt
eroup; alternatively, a 2.6-dihalophenyigroup; or alternatively, a 3,5-dihalophenyt group. Halides, atkyl
group substitoenis {general and specific), and alkoxy group substituents {general and speaific) are
mdependently deseribed herein and can be utilized, without lmitation, to further describe the alkviphenyl,
dialkylphenyl, triatkylphenyi, alkoxyphenyl, dialkoxyphenyl, halophenyl, or dihalopbenyl groups that can
be utilized as R™ and/or R™. Generally, the balides, atkyl substituents, or alkoxy substituents of a dialkyl,
triatkyl phenyl, dialkoxyphenyl, or dihalophenyl groops can be the same; or alternatively the halo, atkyl
substitaents, or alkoxy substituents of alkylphenyl, dialkylphenyl, trialkylphenyl, dialkoxyphenyl, or

dihalophenyl groups can be different.

[6085] in a von-funiting crubodiment, R™ and R™ independently can be a Z-methylpheny! group, a
2-ethyviphenyl group, a 2-isopropylphenyt group, a 2-tert-butylpheny! group, a 4-methyiphenyl group, 3
4-cthyiphenyl group, a 4-isopropylphenyl group, or a 4-tert-butylphenyl group; alternatively, a 2-methyl-
phenyl group, a Z-ethylphenyl group, a 2-isopropyipheny! group, or a 2-tert-butylphenyl group;
afteroatively, a 4-methyiphenyl group, & 4-ethylpheny! group, a 4-isopropylpheny! group, ot a 4-tert-
butylphenyl group; alterpatively, a 2-methylphenyl group; alterpatively, a 2-sthylphenyl group;
alternatively, a Z-isopropyiphenyl group; alterpatively, a Z-tert-butylphenyl group; alternatively, a
4-methyiphenvl group; alternatively, a 4-ethylphenyi group; alternatively, a 4-isopropylphenyl group; or
alternatively, a 4-tert-butylphenyl group. In another non-lmiting embodiment, R™ and R”™ independently
can be a Z-methoxypheny! group, a 2-cthoxypheny! group, a 2-isopropoxyphenyl group, a 2-tert-butoxy-
phenyl group, a 4-methoxyphenyl group, a 4-ethoxyphenyt group, a 4-isopropoxyphenyl group, or a 4-
tert-butoxyphenyl group; alternatively, a Z2-methoxyphenyl group, a Z-ethoxyphenyl group, a
2-isopropoxyphenyl group, or a 2-tert-butoxyphenyl group; alternatively, a 4-methoxyphenyl group, a

4-ethoxypbenyl group, a 4-isopropoxyphenyl group, or a 4-tert-butoxyphenyl group; alternatively, a
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Z-rasthoxyphenyl group; alternatively, a 2Z-ethoxyphenyl group; alternatively, a Z-isopropoxyphenyl
eroup; alternatively, a 2-tert-butoxyphenyl group; alternatively, a 4-methoxyphenyl group; alternatively, a
4-ethoxyphenyl group; alternatively, a 4-isopropoxyphenyl group; or alternatively, a 4-tert-butoxyphenyl
group. In other non-lintting embodiments, R™ and R”™ independently can be a 2-fluoropheny! group, a
2-chlorophenyl group, a 3-fluorophenvyl group, a 3-chlorophenyl group, a 4-fluoropheny! group, a
4-chiorophenyt group, a 3,5-difluorophenyt group, or a 3,5-dicklorophenyl group; alternatively, a
2-fluoropbenyl group or a 2-chlorophenyi group; alternatively, a 3-fluorophenyl group or a 3-chloro-
phenyl group; alternatvely, a 4-fluorophenyl group or a 4-chlorophenyl group; alternatively, a
3.5-difluorophenyl group or a 3.5-dichlorophenyl group; alternatively, a 3-fluorophenyl group, a
3-chlorophenyvl group, a 3,5-difluorophenyl group or a 3,5-dichlorophenyl group; alternatively, a
3-fluorophenyl group or a 3,5-diflucrophenyl group; alternatively, a 2-fluorophenyl group; alternatively, a
2-chlorophenyt group; alternatively, a 3-fluorophenyl group; alternatively, a 3-chlorophenyl group;
alternatively, a 4-fluorophenyl group; alternatively, a 4-chlorophenyl; alternatively, a 3,5-difluorophenyl

group; or alternatively, a 3,5-dichlorophenyl group.

[0086] Tn an embodiment, R™ and R™ independently can be a triydrocarbylsilyl group. The
tribydrocarbyisityl group can have the general formula 5iR; where R is a hydrocarbyl group of the type
disclosed herein. In some embodiments, each hydrocarbyl group, of the inhydrocarbylsilyl group
substituent of R™ and/or R”, independently can be an alkyl group, an aryl group, or an arallyl group;
alternatively, an alkyl group; altersatively, an aryl group; or alternatively, an aralkyl group. In an
embodiment, each alkyl substituent, which can be utilized as R for any trihydrocarbvisiyl group
substituent of R* and/or R* (general or specific), independently can be a methyl group, an ethyl group,
an n-propyl group, an 1sopropyl group, an n-batyl group, a sec-butyl group, an isebutyl group, a tert-butyl
group, an n-pentyl group, a Z-pentyl group, a 3-pentyl group, a Z-methyl-1-butyl group, a tert-pentyl
group, a 3-methyl-1-butyl group, a 3-methyl-2-butyl group, ot a nec-pentyl group; alternatively, a methyl
group, an cthyl group, an isopropyl group, a tert-butyl group, or a neo-pentyl group; aliernatively, a
methyl group; alternatively, an ethyl group; alternatively, an isopropyl group; aiternatively, a tert-butyl
group; or alternatively, a neo-pentyl group. In an embodiment, each aryl sabstituent, which can be
utilized as R for any trihydrocarbylsilyl group of R* and/or R™ (general or specific), independently can
be a phenyl group, a tolyl group, a xylyl group, or a 2.4,6-trimacthylpheny! group; alternatively, a pheoyt
group; alternatively, a tolyl group; alternatively, a xylyl group; or alternatively, a 2.4, 6-trimethylphenyt
group. In an embodiment, each aralkyl sabstituent, which can be utilized as R for any trihydrocarbylsilyl

p . ~ vy 24 . 2 PN
group substituent of R™ and/or R™ (general or specific), independently can be a benzyt group.
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0087]  In an embodiment, the trihydrocarbylsilyl group which can be utilized as R™ and R™
tndependently can be a trialkylsiyl group, a tnarvisilyl group, or a triatkaryl silyl group; altornatively,
trialicylsilyl group; alternatively, a triarylsilyl group; or alternatively, a triatkaryl silyl group. In some
embodiments, each trihydrocarbyl group which can be utilized as R™ and/or R* independently can be a
trimethvlsiivl group, a triethylsilyl group, a npropylsilyl group, a wiphenylsilyl group, or a tribenzvisilyl
group; alternatively, a trimethylsdyl group, a triethylsilyl group, or a tripropylsilyl group; altematively, a
trimethylsiiyl eroup; alternatively, a trniethylsityl group; alternatively, a tripropyisilyl group; alternatively,

a triphenylsilyl group; or alternatively, a tribenzyisilvl group.

{0088]  In an aspect, R’ can be hydrogen. In another aspect, R can be an organyl group; alternatively,
an organyl group consisting essentially of inert functional groups; or alternatively, a hydrocarbvl group.
Organy! sroups {gencral and specific) are disclosed herein (e.g., as potential selections for R'Y and any
aspect or embodiment of these organyl groups disclosed herein can be utilized as R°. Crganyl groups
consisting essentially of inert functional groups (general and specific) are disclosed herein {e.g.. as
potential sclections for R') and aspeet or embodiment of these organyl groups consisting essentially of
inert functional group disclosed herein can be utilized as R’. Hydrocarbyl groups {general and specific)
are disclosed herein (e.g., as potential selections for R') and aspect or embodiment of these hydrocarbyl
groups disclosed herein can be ubilized as R I vet other embodiments, R’ can be a O to Cyp aromatic
group; alternatively, 8 C; to Cyp aromatic groap; alternatively, a Cato €5 aromatic group; or alicmatively,

a (s to Cpp aromatic group.

(6889} In an aspect, R can be a €, to0 Cy alkyi group, a €y to Cy cyeloatkyl group, 2 Cs to Cy
substitutod cycloalkyl group, a Cs to Cso aryl group, or a Ce to Ty substituted arvl group; altematively, a
C, to Csp cycloatkyl group or a Cy to Cyg substituted cycloalkyl group; alternatively, a Co to Cyg aryl group
or a Cq to Ty substituted arvl group; alternatively, a € to Gy alkyl group; altematively, a €, to Cy
cvcloalkyl group; alternatively, a C, to Cyy substituted cycloalkyl group; alternatively, a Cg to Gy aryl
group; or alternatively, a Cs to Cyg substituted aryt group. o an cobodiment, RicanbeaC, o Cs atkyt
group, a Cy to Oy oycloalkyl group, a C4 to Ty substituted cycloalkyl group, a Cg to Cyp aryl group, or a
Ce 10 Ty substituted aryl group; alternatively, a €y to Oy cycloalkyl group or a Cf to Cy substituted
cycloallcyl group; alternatively, a Cq to Cyp aryl group or a Cg to Cy substituted aryl group; alternatively, a
Cy to 5 alkyl group; alternatively, a Cy to Cop cycloalkyl group; alternatively, a Cy to Coy substituted
cycloatkyl group; alternatively, a Cg to Ty aryl group; or alteratively, a Cq to Cop substituted aryl group.
In other embodiments, B> can be a T to Cyo alkyl group, a C; to C)s cycloalkyl group, a €y to Cis
substitated cycloalkyt group, a C, to Cs arvl group, or a Cg to Cy5 substituted aryl group; alternatively, a

Cyto Cys eveloatkyl group or a Cy to Cys substituted cycloalkyl group; alternatively, a Cg to Cis aryl group
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or a Cg to Cy5 substituted aryl group; alternatively, a € to Cy alkyl group; altematively, a C, to Cis
cycloalkyl group; alternatively, a Cy to €5 substituted cycloalkyl group: alternatively, a Cg to Cis aryl
group; or alternatively, a Cg to €5 substituted aryl group. In further embodiments, R” can be a €, to Cs
atkyl group. Substituents {general and specific) are mdependently disclosed herein and can be utilized

without limitation to further describe substituted groups which can be utilized as R’

[0090]  Inan embodiment, R’ can be a methyi group, an ethy! group, a propyl group, a butyl group, a
pentyl group, a hexyl group, a heptyl group, an octyl group, a noayl group, or a decyl group. In some
embodiments, R’ can be a methyl group, an cthyl group, an n-propyl group, an iso-propyl group, an n-
butyl group, an iso-butyl group, a sec-butyl group, a tert-butyl group, an n-pentyl group, an so-pentyl
group, & sec-pentyl group, or a neopentyl group; alternatively, a methyl group, an ethyl group, an iso-
propyl group, a tect-butyl group, or a veopentyl group; alternatively, a methyl group; alternatively, an
athyl group; alternatively, an n-propyl group; alternatively, an iso-propyl group; alternatively, a tert-butyl
croup; or alternatively, a neopentyl group. In some embodiments, the alkyl groups which can be utilized
as R” can be substituted. Fach substituent of a substituted atky! group independently can be a halogen or
a hydrocarboxy group; alternatively, a halogen; or alternatively, a hydrocarboxy group. Halogens and
hydrocarboxy groups (general and specific) are independently disclosed herein (e.g., as general
substituents and substituents for substituted R’ groups) and can be utilized without limitation to further

describe the substituted alkyl group which can be utilized as R

[0091]  In an embodiment, R’ can be a cyclobutyl group, a substituted cyclobutyl group, a cyclopentyt
group, a substituted cyclopentyl group, a cyclohexyl group, a substituted cvelohexyl group, a cycloheptyl
group, a substituted cycloheptyl group, a cyclooctyl group, or a substituted cyclooctyi group. In some
embodiments, R’ can be a cyclopentyl group, a substituted cyclopentyl group, a cyclohexyl group, or a
substituted cyelohexyl group. In other embodiments, R’ can be a cyclopentyl group or a substituted
cyclopentyl group; or alternatively, a cyclohexyl group or a substituted cyclohexyl group. In further
embodimenis, R can be a eyclopentyl group; alternatively, a substituted cyclopentyl group; a cyclobexyl
group; or aliernatively, a saobstituted cyclohexyl group. Substitvents {general and specific) are
independently disclosed herein and can be atilived withowt limitation to further describe the sabstituted

eyeloalkyl group which can be ntilized as R,

{00927  Inaoaspect, R’ can have Structure G11:
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Structure 11

wherein, the undesignated valency is attached to the N” nitrogen atom of the N*-phospbinyt guanidine
cle 2¢ 3¢ Bac 65¢c .
group. Generally, R®', R, R®", R*™ and R™ independently can be hydrogen or a non-hydrogen
. . . ~ . . 3 : 6le
substituent, and n can be an integer from 1 to 5. o an embodiment whercin R has Stracture Gl RO
63 S - 63 p p 2o N . .
R R, and R® can be hydrogen and R™ can be any non-hydrogen substituent disclosed herein; or

o le H3c 55¢ h2C c
alternatively, R®, R™, and R® can be hydrogen and R™ and R**

independently can be any non-
hydrogen substituent disclosed herein.  In an embodiment, o can be an ioteger from 1 to 4; or
alterpatively, from 2 to 4. In other embodiments, o can be 2 or 3; alternatively, 2; or alternatively 3.
Substitoents (general and specific) are independently disclosed herein and can be utilized without
lintitation to further describe a non-hydrogen substituent which can be utilized without limitation as R,

1% R RY and/or R™ for the R’ group having Structure G11,

0093]  In an embodiment, R’ can be a phenyl group or a substituted phenyt group. In some
embodiments, R® can be a phenyl group: or alternatively, a substituted phenyl group. In an embodiment,
the R’ substituted phenyl group can be a 2-substituted phenyl group, a 3-substituted phenyl groap, a 4-
substitoted phenyl group, a 2,4-disubstituted phenyl group, a 2,6-disubstituted phenyl group, a 3.5-
disubstituted phenyl group, or a 2.4,6-trisubstituted phenyt group. In other embodiments, the R’
substitiited phenyl group can be a Z-substituted phenyl group, a 4-substituted pheayl group, a 2,4-
disubstituted phenyl groop, a 2,6-disubstituted phenyt group, or a 2,4, 6-tnsubstituted phenyl group;
ahternatively, a 2-substituted phenyl group, a 4-substituted phenyl group, a 2,4-disubstituted phenyt group,
or a 2,6-disabstituted phenyl group; alternatively, a 3-sabsituted phenyl group or a 3,5-disubstituted
phenyl group; alternatively, a 2-substituted pheoyl group or a 4-substituted phenyl group; alternatively, a
2.4-disubstituted phenyl group, a 2,6-disubstituted phenyl group, or a 2,4,6-insubstituted phenyl group;
alternatively, a 2,6-disubstituted phenyl group or a 2.4,6-trisubstituted phenyl group; alternatively, a 2,4-
disubstituted phenyl group or a 2,6-disubstituted phenyl group; sheratively, a 2-substituted phenyl
group; alternatively, a 3-substituted pheoyl group; altersatively, a 4-substituted phenyl group;
alternatively, & 2.4-disubstituted phenyl group; alternatively, a 2,6-disubstituted phenyl group;
alternatively, a 3,5-disubstituted phenyl group; or alternatively, a 2,4,6-trisubstituted phenyl group.
Substitaents (general and specific) are independently disclosed herein and can be utilized without

limitation to further describe any substituted phenyl group which can be utilized as R,



WO 2013/184579 PCT/US2013/043902

44

10094]  Inan aspect, R can have Structure G12:

R63 62
RA *
Roe_.ff \*, Stracture G12
R65 <RQ8

wherein the undesignated valency is attached to the N' nitrogen atom of the N -phosphinyl guanidine
group. Generally, R®, R”, R%, R®, and R independently can be hydrogen or a non-hydrogen

a2

substitoent. In an embodiment wherein R” has Structure G12, R R® R® R®, and R% can be hydrogen,
R R¥ R* and R* can be hydrogen and R¥ canbe a non-hydrogen substituent, R® R® R® and R®®
can be hydrogen and R” can be a non-hiydrogen substituent, R™, R”, R®, and R™ can be bydrogen and
R can be a non-hydrogen substitucnt, R%, R® and R® can be bydrogen and R and RY can be noo-

. X [ [55%] 62 66
hydrogen substituents, R, R*, and R™ can be hydrogen and R™ and R can be non-hydrogen

63

substitaents, R, R® and R® can be hydrogen and R® and R* can be non-hydrogen substituents, or R
and R® can be hydrogen and R*, R™, and R™ can be non-hydrogen substituents. In some embodiments
wherein R has Structure G12, RS, RY, RY, and R can be hydrogen and R® can be a non-hydrogen
substituent, R, R™, R, and R® can be bydrogen and R can be g non-hydrogen substituent, R™, R®,
and R® can be hydrogen and R™ and R® can be non-hydrogen substitoents, R™ R® and R™ can be
hydrogen and R™ and R™ can be non-hydrogen substituents, or R™ and R can be hydrogen and R™, R™,
and R can be non-hydrogen substituents; alternatively, R, R® R, and R% can be hydrogen and R¥
can be a non-hydrogen substituent, R, R%, RY, and R™ can be hydrogen and R® can be a non-hydrogen
substituent, R, R”, and R can be hydrogen and R* and R™ can be non-hydrogen substituents, or R®,
R, and R” can be hydrogen and R and R* can be non-hydrogen substituents; alternatively, R®, R%,
R, and R™ can be hydrogen and R™ can be a non-hydrogen substituent, or R, R*, and R™ can be
hydrogen and R™ and R™ can be non-hydrogen substituents; alternatively, R® RY R® and R® can be
hydrogen and R® can be a non-hydrogen substituent, or R, R, R®, and R™ can be hydrogen and R*
can be a non-hydrogen substituent; alternatively, R”, R, and R can be hydrogen and R* and R* can be
non-hydrogen substituents, R®, R™, and R can be hydrogen and R* and R® can be non-hydrogen
substituents, or R® and R can be hydrogen and R R® and R can be non-hydrogen substituents; or
alternatively, R, R™, and R® can be hydrogen and R” and R® can be non-hydrogen substituents, or R,
R™, and R” can be hydrogen and R and R™ can be non-hydrogen substituents. In other embodiments
wherein R has Structare Gi2, R®, R®, R, RY, and R® can be hydrogen; alternatively, R® R R™ and
R can be hydrogen and R” can be a non-hydrogen sabstituent; alternatively, R, R™, R®, and R% can

be hydrogen and R® can be a non-hydrogen substituent; alternatively, R”, R®, R®, and R® can be
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hydrogen and R™ can be a non-hydrogen substituent; alternatively, R, R™, and R* can be hydrogen and
R and R™ can be non-hydrogen substituents; alternatively, R*, R™, and R* can be hydrogen and R™
and R® can be non-hydrogen substituents; alternatively, R% R® and R® can be hydrogen and R and
R® and can be non-hydrogen substituents; or alternatively, R” and R™ can be hydrogen and R™, R™, and
R% ¢an be non-hydrogen substituents. Substituents (general and specific) are independently disclosed
herein and can be utilized without limitation as R, R®, R®, R, and R® for the R’ group having

Structure G12.

{6095}  In a non-limiting embodiment, R® can be a phenyl group, a Z-alkyiphenyl group, a 3-alkyl-
phenyl group, a 4-alkyiphenyl group, a 2,4-dialkyiphenyl group, a 2,6-dialkylphenyl group, a 3,5-dialkyl-
phenyl group, or a 2,4,6-trialkyipheoyl group; alternatively, a 2-alkylphenyl group, a 4-alkylphenyl group,
a 2, 4-dialkylpbenyl group, a 2,6-dialkylpheoyl group, or a 2.4,6-trialkyiphenyt group; alterpatively, a
Z-atkyiphenyl group or a 4-atkyiphenyl group; alternatively, a 24-dialkylphenyl group, a 2,6-dialkyl-
phenyl group, or a 2.4.6-trialkylphenyl group; alternatively, a 2,4-dialkylphenyl group or a 2,6-chalkyl-
phenyl group; alternatively, a 2, 6-dialkylphenyl group, or a 2,4, 6-trialkylphenyl group; alternatively, a
3-alkyipbenyl group or a 3,5-dialkylphenyl group; alternatively, a 2-alkylphenyt group or a 2,6-dialkyl-
phenyl group; alternatively, a 2-alkyiphenyl group; alternatively, a 3-alkvipheayl group; alternatively, a
4-atkyiphenyl group; alternatively, a 2 4-dialkylphenyl group; alternatively, a 2,6-dialkylphenyl group;
alternatively, a 3,5-dialkylphenyl group; or altematively, a 2,4,6-trialkylphenyl group. In another non-
limiting embodiment, R’ can be a phenyl group, a 2-alkoxyphenyl group, a 3-alkoxyphenyl group, a
4-alkoxypbenyl group, or a 3,5-dialkoxypbenyl group; alternatively, a Z-alkoxyphenyl group or a
4-atkoxyphenyl group; alternatively, a 3-alkoxyphenyl group or 3,5-dialkoxyphenyl group; alternatively,
a 2-alkoxyphenyl group; alternatively, a 3-alkoxyphenyl group; alternatively, a 4-alkoxyphenyi group;
alternatively, a 3,5-dialkoxypheny! group. In other non-limiting embodiments, R’ can be a phenyl group,
a Z-balophenyl group, a 3-halophenyl group, a 4-halophenyt group, a 2,6-dihalophenylgroup, or a
3,5-dialtkyiphenyl group; aliernatively, a 2-halophenyl group, a 4- halophenyl group, or a 2,6-dihalo-
phenyl group; alternatively, a 2-balophenyl group or a 4-halophenyl group; alternatively, a 3-halopheayt
group or a 3,5-dihalophenyl groap; altematively, a 2-halophenyl group; alternatively, a 3-halophenyi
group; altematively, a 4-halophenyl group; alternatively, a 2,6-dihalophenvigroup; or alternatively, a
3,5-dibalopheny! group. Halides, alkyl group substiuents {(general and specific), and alkoxy group
substituents (general and specific) are independently described herein and can be wutilized, without
fimitation, to further describe the alkylphenyl, dialkyiphenyl, trialkylphenyl, altkoxyphenyl, dialkoxy-
phenyl, halophenyl, or dihalophenyl groups that can be utilized R’.  Generally, the halides, afkyl

substituents, or alkoxy substituents of a dialkyl, tralkyi phenyl, dialkoxyphenyl, or dihalophenyl group
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can be the same; or alterpatively the halo, atkyl substitueots, or alkoxy substituents of alkylpheoyl,

dialkylphenyl, trialkylphenyvl, dialkoxyphenyl, or dihalopheny! groups can be different.

{0096}  In a non-limiting embodiment, R® can be a 2-methylphenyi group, a 2-cthylphenyl group, a
2-isopropyiphenyl group, a 2-tert-butyiphenyl group, a 4-methylphenyl group, a 4-ethyiphenyl group, a
4-isopropylpbenyl group, a 4-tert-butylpheny! group, a 2,6-dimethylpheny! group, a 2.6-diethyipbenyl
group, a 2,6-dusopropylphenyt group, or a 2,6-di-tect-butylpheny! group; altematively, a 2-methyipheoyi
group, a 2-cthylphenyl group, a 2-tsopropylphenyl group, or a 2-tert-butylphenyl group, a 4-methylphenyl
group, a 4-ethylphenyl groop, a 4-isopropylpheny! group, or a 4-tert-botyiphenyl group; alternatively, a
2-methylphenyl group, a 2-ethylphenyl group, a 2-isopropylphenyl group, or a 2-tert-butylphenyi group;
alternatively, a 4-methylphenyl group, & 4-ethylphenyl group, a 4-isopropylphenyl group, or a 4-tert-
butylphenyt group; or alterpatively, a 2,6-dimethylphenyt group, a 2,6-diethyipbenyl group, a 2,6-di-n-
propylphenyl group, a 2,6-ditsopropylphenyl group, or a 2,6-di-tert-butylphenyl group. In another non-
limiting embodiment, B> can be a Z-methylphenyl group; alternatively, a Z-cthylphenyl group;
afternatively, a 2-isopropyiphenyl group; alternatively, a 2-tert-butylphenyl group; alternatively, a
4-racthyipheny! group; alteroatively, a 4-ethylphenyl group; alternatively, a 4-isopropylpheny! group; or

alternatively, a 4-tert-butvipheay! group.

{6097]  Inan aspect, R' and R independently can be an organyl group; alternatively, an organyl group
consisting essentially of inert functional groups; or slternatively, a hydrocarbyl group. Organyl groups
(zeneral and specific) are disclosed herein (¢.g., as potential selections for R') and these organyl groups
can be utilized as R’ and/or R”. Organyl groups cousisting essentially of inert functional groups, general
and specific, are disclosed herein (2.g., as potential selections for R') and these organyl groups consisting
essentially of inert functional group can be utilized as RY and/or R, Hydrocarbyl groups, general and
specific, are disclosed herein (e.g., as potential scloctions for RY) and these hydrocarbyl groups can be
utilized as R and/or R°. In yet other embodiments, R and R’ independently can be sclected from a Cs €0
s, aromatic group; alternatively, a C; to Ty aromatic group; alternatively, a Csto €5 aromatic group; of
alternatively, a C; to Cyo aromatic group. In an aspect, R* and R can be joined to form a ring (regardicss
of particular type of group — organyl, organyl consisting of inert functional groups, hydrocarbyl, or any

species within) containing the phosphorus atom of the N -phosphiny! guanidine group.

{8698} In another aspect, R* and ®° independently can be a C, to Ty alkyl group, 3 Cy to Cy
cycloatkyl group, a Cy to Cse substituted cycloalkyvl group, a C; to G5 aliphatic heterocyclic group, 3 G5 to
(s substituted aliphatic heterocyclic group, a Ce to Csp arvl group, a Cs to Uy substituted aryl group, a €4

to Cso heteroaryl group, or a Gy to Gy substituted hetercaryl group; alternatively, a C) to Cyg alkyl group,
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a Cy to T cycloalkyl group, a Cs to Cs, substituted cycloalkyl group, a Cg to Csp aryl group, or a Cg to
Cso substituted aryl group; altematively, a Cs to Cyp oveloalkyl group or a Ca to Cyy substituted cycloatkyl
group; alternatively, a C; to Csp aliphatic heterocyclic group or a Gy to Cq substituted aliphatic
heterocyclic group; alternatively, a Cg to Cyg aryl group or a Cg 10 Cyp substituted aryl group; alternatively,
a s to Gy heteroaryl group or a Cs to Cyp substituted heteroaryl group; alternatively, a C) to Cyy atkyl
group; altematively, a Cy to Cy oveloalkyd group; afternatively, a Cy to Cso substituted cyoloalkyl group;
alternatively, a C; to Cs aliphatic heterocyclic group; alternatively, a Cs to Csp substituted aliphatic
heterocyclic group; altemnatively, a Cs to Gy aryl group; alternatively, a Cq to Ty sabstituted aryl group,;
alternatively, a Cs to Cso heteroaryl group; or alternatively, a Cs to Cy substituted heteroaryl group. fo an
embodiment, R* and R’ independently can be a C, to C,s alkyl group, a C; to Oy cyvcloatkyl group, a €, to
(o substituted cycloalkyl group, a Cs to Cy sliphatic heterocyclic group, a Cs to Cy substituted aliphatic
heterocyelic group, a Cs to Oy arvl group, a Ty to Cy substituted aryl group, a Cs to Cy hetercaryl group,
or a (s to Cyp substituted heteroaryl group; alternatively, a C, to Cs alkyl group, a Cy to Oy oyeloalkyl
aroup, a Cg to Oy substituted cycloalkyl group, 8 Cg to Ty aryl group, or 8 Cs to Ty substituted aryl
group; alternatively, a €, to Gy coycloalkyl group or a C, to g substiuted cycloalky! group;
alternatively, a C; to Oy aliphatic heterocyclic group or a (s to Cy substituted aliphatic heterocyckhc
eroup; alternatively, a Cs to Cy aryl group or a Cg to Ty substituted aryl group; alternatively, a Gy t0 Cy
heteroaryl group or a C; to Cy substituted heteroaryl group; alternatively, a8 C; to Cys alkyl group;
aiternatively, a C; to Cy oycloalikyl group; alternatively, a €y to Cyo substituted cycloalkyl group:
alternatively, a C; to (o aliphatic heterocyclic group; alternatively, a C; to Cyp substituted aliphatic
heterocyclic group; alternatively, a Cy to Ty aryl group; alternatively, a Cy to Oy substituted aryl group;
alternatively, a C; to Cyp heteroaryl group; or alternatively, a C; to Cy substituted heteroaryl group. In
other embodiments, RY and R” independently can be a C, to Cyo alkyl group, a C, to €5 eycloalkyl group,
a C, to Cs substituted cycloalkyl group, a C; to Ci5 aliphatic heterocyelic group, a C; to €5 substituted
aliphatic heterocyelic group, a Cg to Cis aryl group, a Cs to Cs substituted aryt group, a C; to Cis
heteroaryl group, or a C; to Cys substituted heteroaryl group; alternatively, a C; to O\ atkyl group, a Cs o
Cis oycloatkyl group, a Cy to Cs substituted cyeloalkyl groop, a Cs to Cis aryl group, or a Cs to Cis
substituted aryl group; alternatively, a €, to Cis eycloalkyl group or a G4 to Cys substituted cycioalkyl
group; alternatively, a C; to Cs aliphatic betercoyclic group ot a €3 to €5 substitiwed aliphatic
heterocyelic group; alternatively, a &g to Cys aryl group or a Gy to €5 substituted arvl group; altematively,
a Cs to Cs heteroaryl group or a G, to C)s substituted heteroaryl group; alternatively, a C) to Cyp alkyl
aroup; alternatively, a Cy to C)s eyeloalkyl group; alternatively, a Cy to C5 substituted cycloalkyl group;

alternatively, a Cs to s aliphatic heterocyclic group; altemnatively, a Cs to C); substituted aliphatic
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heterocyclic group; alternatively, a C; to Cys aryl group; alternatively, a Cs to Cps substituted aryl group;
alternatively, a C; to Cys heteroaryl group; or alternatively, a Cs to C5 substituted heteroaryl group. In
further embodiments, R® and R’ independently can be C, to Cs alkyl group. Substituents (general and
specific) are mdependently disclosed herein and can be utilized without linutation to further describe

substituted groups which can be utilized as R and/or R,

[0099]  In a further aspect, R and R independently can be a methyl group, an ethyl group, a propyl
group, a butyl group, a peatyl group, a hexyl group, a heptyl group, an octyl group, a nonyl group, or &
deeyt group. In some embodiments, R* and/or R independently can be a methyl groap, an cthyl group,
an n-propyl group, an iso-propy! group, an n-butyl group, an iso-butyl group, a sec-butyl group, a tert-
butyl group, an u-pentyl group, ao iso-pentyl group, a sec-pentyl group, or a neopeotyl group;
afteroatively, a methyl group, an ethyl group, an iso-propyl group, a tert-butyl group, ot a neopentyi
group; altematively, a methyl group; alternatively, an ethyl group; alternatively, an n-propyl group;
alternatively, an iso-propyl group; alternatively, a tert-butyl group; or alternatively, a neopentyl group. In
some ermbodiments, the alkyl groups which can be utilized as R and/or R can be substituted. Each
substituent of a substiuted alkyl group independently can be a halogen or a hydrocarboxy group;
alternatively, a halogen; or alternatively, a hydrocarboxy group. Halogens, and hydrocarboxy groups
{general and specific) are independently disclosed herein {c.g., as gencral substituents and/or as
substituents for substituted R’ groups) and can be utilized without limitation to further describe the

substituted atkyl group which can be utilized as R* and/or R,

[00106] In a further aspect, R* and R independently can be a cyclobutyl group, a substituted
cyclobutyl group, a cyclopentyl group, a substituted cyclopentyl group, a cyclohexyl group, a substitoted
cyclohexyl group, a cycloheptyl group, a substituted cycloheptyl group, a8 cyclooctyl group, or a
substituted cyclooctyl group. Tn some embodiments, R and/or R independently can be a cyclopentyl
group, a substituted cyclopentyl group, a cyclohexyl group, or a substituted cyclohexyt group. In other
embodiments, R’ and/or R® can be a cyclopentyl group or a substituted cyclopentyl group; or
alternatively, a cyclohexyl group or a substituted cyclohexyl group. In further embodiments, R and/or R
independently can be a cyclopentyi group; alternatively, a substituted cyclopentyl group; a cyclohexyl
group; or alternatively, a sabstituted cyclohexyl group.  Substituents {general and specific) are
tndependently disclosed herein and can be utilized without luvitation to further describe the substituted

cycloalkyl group which can be utilized as R and/or R,

{60161} Inan aspect, R* can have Structure G7:
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R4z R:ll‘sc

{CHady Structure G7

R‘Mc RASC

wherein, the undesignated valency is attached to the phosphorus atom of the N -phosphiny! guanidine
group. Generally, RS, R™, R™, R™, and R™ independently can be hydrogen or a non-hydrogen
substituent, and n can be an nteger from 1 to 5. In an cmbodiment whergin R* has Structure G7, R*,
RY, R™, and R™ can be hydrogen and R*™ can be any non-hydrogen substituent disclosed herein; or
alternatively, R*", R™, and R™ can be hydrogen and R™ and R™ independently can be any non-
hydrogen substituent disclosed herein.  In an embodimoent, o can be an integer from 1 to 4; or
afteroatively, from 2 to 4. Io other embodiments, o can be 2 or 3; alternatively, 2; or alternatively 3.
Substituents (general and specific) are independently disclosed herein and can be utilized without
limitation to further describe a non-hydrogen substituent which can be utilized without limitation as R,

42¢ a3 ik , S 4 . S <
R7C R RY and/or R™ for the RY group having Structure G7.
1001021 Inan aspect, R can have Structure G8:

RSZ{- R:’)G-;

(EHah Structure G8

wherein, the undesignated valency s attached to the phosphorus atom of the N -phosphinyl guanidine
3le 52¢ 3¢ 34c 55¢
group. Generally, RS, R™, R™, R™, and R™ independently can be hydrogen or a non-hydrogen
substituent, and 1 can be an integer from 1 to 5. In an embodiment wherein R” has Structure G8, R
3¢ S4e s 55¢ ; 4 132 . . .
R™ R™, and R™° can be hydrogen and R can be any non-hydrogen substituent disclosed herein; or

¢

alternatively, R°, R™, and R’ can be hydrogen and R™ and ¥* independently can be any non-
hydrogen substituent disclosed herein. In an embodiment, n can be an integer from 1 to 4; or
alterpatively, from 2 to 4. In other embodiments, o can be 2 or 3; alternatively, 2; or alternatively 3.
Substitoents (general and specific) are independently disclosed herein and can be utilized without
limiitation to further describe a non-hydrogen substituent which can be utilized without limitation as R™',

52 1553 S , 55 ¢ 5 o N
R R, R and/or R7 for the R” group having Structure GS.

{00103} In an aspect, R and R independently can be a phenyl group, a substituted phenyl group, a

naphthy! group, or a substituted naphthyl group. In an embodiment, R® and R” independently can be a
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phenyl group or a substifuted phenyl group; altervatively, a naphthyl group or a substituted naphthyl
eroup; alternatively, a phenyi group or a naphthyl group; or alternatively, a substituted phenyi grovp or a
substituted naphthyl group. In some embodiments, R* and R’ independently can be a phenyl group;
alternatively, a substituted phenyl group; alternatively, a naphthyl group; or aliernatively, a substituted
naphthyl group. Substituents (general and specific) are independently disclosed herein and can be utdized
without Lmitation to further describe any substituted phenyl group and/or substituted naphthyl group

which can be utilized as R and/or R,

{60104} In an embodiment, the R and/or R’ substituted phenyl group can be a 2-substituted phenyl
group, a 3-substituted phenyl group, a 4-substituted phenyl group, a 2,4-disubstituted phenyt group, a
2,6-disubstituted phenyl group, a 3,5-disubstituted phenyl group, or a 2.4,6-trisubstituted phenyl group.
n other embodiments, the R and/or R substituted phenyl group can be a 2-substituted phenyl group,
4-substituted phenyl group, a 2,4-disubstituted phenyl group, a 2,6-disubstituted phenyvl group, or a
2.4, 6-trisubstituted phenyl group; alternatively, a 2-substitated phenyl group, a 4-substituted phenyl
group, a 2,4-disabstituted phenyl group, or a 2,6-disubstituted phenyl group; alternatively, a 3-subsituted
phenyl group or a 3,5-disubstituted phenyl group; alternatively, a Z-substitted phenyl group or a
4-substituted phenyl group; alternatively, a 2,4-disubstituted phenyt group, a 2,6-disubstituted phenyl
group, or a 2.4,6-risebstituted phenyl group:; alternatively, a 2,6-dispbstitited phenyl group or 2
2.4, 6-tnisubstituted phenyl group; alternatively, a 2,4-disubstitoted phenyl group or a 2,6-disubstituted
phenyl group; alternatively, a 2-substituted phenyl group; alternatively, a 3-substituted phenyl group;
alternatively, a 4-substituted phenyl group; alternatively, a 2,4-disubstituted phenyl group; alternatively, a
2.6-disubstituted phenyl group; alternatively, a 3,5-disubstituted phenyl group: or altematively, a
2,4, 6-trisubstituted phenyl group. Substituents (general and specific) are independently disclosed herein
and can be vtilized without limitation to further describe any substituted phenyl group which can be

utilized as R* and/or R

{00105]  In an embodiment, R and R’ independently can be a naphth-1-y1 group, a substituted naphth-
1-yl group, a naphth-2-y1 group, or a substituted naphth-2-yl group. In some embodiments, R* and R
independently can be a naphth-1-yl group or a substituted naphth-1-yl group; alternatively, a naphth-2-yl
group or a substituted naphth-2-vl group; alternatively, a naphth-1-yl group; alternatively, a substituted
naphth-1-vl group; alteroatively, a naphth-2-vl group; or alternatively, a substituted naphth-2-yi group. In
other embodiments, R' and R® independently can be a 2-substituted naphth-1-vl group, a 3-substituted
naphth-1-vl group, a 4-substituted naphth-1-vl group, or a 8-substituted naphth-1-yl group; alternatively, a
Z-substituted naphth-1-yl group; alternatively, a 3-substituied naphth-1-vl group; alternatively, a 4-

substituted naphth-1-vl group; or alterpatively, a S-substitited naphth-1-vl group . I further
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embodiments, R® and R’ independently can be a 1-substituted napbth-2-v1 group, a 3-substituted naphth-
2-yl group, a 4-substitated paphth-2-yl zroup, or a 1.3-disubstituted naphth-2-vl group; alternatively, a 1-
substituted naphth-2-yt group; alternatively, a 3-substitsted naphth-2-yl group; alternatively, a 4-
substituted naphth-2-vl group; alternatively, a 1,3-disubstituted naphth-2-yl group. Substituents {general
and specific) are independently disclosed herein and can be utilized without himitation to further describe

any substituted naphthyl group which can be utilized as R* and/or R”,

{00106} Inan aspect, R' can have Structure G9:

\
R / \x-* Structure GY

wherein the undesignated valency is attached to the phosphorus atom of the N-phosphinyl guanidine
group. Generally, R¥, R”, R", R®, and R* can independently be hydrogen or a non-hydrogen
substitoent. In an embodiment wherein R* has Structure G4, R¥, R®, R™, R¥, and R* can be hydrogen,
R¥ R™ R* and R* can be hiydrogen and R¥ canbea non-hydrogen substituent, R¥ R RY and RY
can be hydrogen and R™ can be a non-hydrogen substituent, R™, R®, RY, and R can be bydrogen and
R™ can be a non-hydrogen substituent, R®, R, and R can be hydrogen and R* and R* can be non-

N 43 44 45 42 46
hydrogen substituents, R¥, R, and R™ can be hydrogen and R™ and R* can be non-hydrogen

. 42 44 46 343 ey 45 3
substituents, R™, R™, and R™ can be hydrogen and R™ and R #

can be non-hydrogen substituents, or R
and R* can be hydrogen and R, R*, and R* can be non-hydrogen substituents. In some embodiments
wherein R has Structure G9, R, R*, R™, and R* can be hydrogen and R" can be a non-hydrogen
substituent, R, RY, R®, and R™ can be bydrogen and R* can be a non-hydrogen substituent, RY, R®,

46 ) PR, 4 ) . D43 4 5
and R* can be hydrogen and R™ and R™ can be non-hydrogen substitoents, R”, R™, and R can be

a
a

hydrogen and R™ and R™ can be non-hydrogen substituents, or R™ and R® can be hydrogen and R¥, RY,
and R* can be non-hydrogen substituents; aitemativeiyﬁ“, R* R* and R* can be hydrogen and R
can be a non-hydrogen substituent, R¥, R, R™, and R™ can be hydrogen and R can be a non-hydrogen
substituent, R‘“, RAS, and R* can be hydrogen and R* and R can be non-hydrogen substituents, or R‘B,

44 s
R® and R

3

can be hydrogen and RY and R can be non-hydrogen substituents; alternatively, RV, RY,
R, and R™ can be hydrogen and RY can be a non-hydrogen substitucnt, or R™, R™, and R* can be
hydrogen and RY and R™ can be non-hydrogen substituents; alternatively, R, R™, R*, and R* can be
hydrogen and R* can be a non-hydrogen substituent, or R, RY, R, and R™ can be hydrogen and R"

- : ; 434S 46 4 44
can be a non-hydrogen substituent; alternatively, R™, R™, and R™ can be hydrogen and R™ and R™ can be
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nou-hydrogen substituents, R”, R™, and R™ can be hydrogen and R™ and R* can be non-hydrogen
substituents, or R and R* can be hydrogen and R, R", and R* can be non-hvdrogen substituents; or
alternatively, R*, RY, and R™ can be hydrogen and R* and R™ can be non-hydrogen substituents, or R,
R*™, and R* can be hydrogen and R™ and R can be non-hydrogen substituents. In other embodiments
wherein R® has Structure G9, R¥) R¥, R™, R, and R™ can be hydrogen; alternatively, RY RM™ R, and
R™ can be bydrogen and R™ can be a non-hydrogen substituent; alternatively, R™, %, R¥, and R™ can
be hydrogen and R can be a non-hydrogen substituent; alternatively, R¥, R”, RY, and R™ can be
hydrogen and R* can be a non-hydrogen substituent; alternatively, R*, RY, and R* can be hydrogen and
R and R* can be non-hydrogen substituents; alternatively, R”, R™, and R* can be hydrogen and R™
and R* ¢can be non-hydrogen substituents; alternatively, R™, R*, and R™ can be hydrogen and R and
R* and can be non-hydrogen substituents; or alternatively, R* and R* can be hydrogen and R”, R™, and
R* can be non-hydrogen substituents. Substituents (general and specific) are independently disclosed
herein and can be utilized without limitation as R™, R™, RY, R*, and R* for the R group having

Structure G,

1003107} Inanaspect, R can have Structure G10;

Structure G100

wherein the undesignated valency is attached to the phosphorus atom of the N -phosphinyl guanidine
group.  Generally, R, R, R, R”, and R™ independently can be hydrogen or a non-hydrogen
substituent. Tn an embodiment wherein R” has Structure G10, R, R”, R™, R, and R can be hydrogen,
R7,R™, R, and R°° can be hydrogen and R canbe a non-hydrogen substituent, R, R R and R°
can be hydrogen and R can be a non-hydrogen substituent, R, R, R”, and R™ can be hydrogen and
R™ can be a non-hydrogen substituent, R, R, and R™ can be hydrogen and R™ and R>* can be non-
hydrogen substituents, R, R™, and R can be hydrogen and R and R can be non-hydrogen
substituents, R, R, and R™ can be hydrogen and R” and R can be non-hydrogen substituents, or R™
and R can be hydrogen and R™, R™, and R™ can be non-hydrogen substituents. In some embodiments
wherein R’ has Structure G10, R, R™, R”, and R™ can be hydrogen and R™ can be a non-hydrogen
sabstituent, R™, R”, R, and R*® can be hydrogen and R™ can be a non-hydrogen substitoent, R™, R™,
and R°® can be hydrogen and R and R™ can be non-hydrogen substituents, R, R™, and R can be

52 56 o 55 2 g 5d
hydrogen and R and R™ can be non-hydrogen substituents, or R and ¥ can be hydrogen and R7, R™,
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56 . . 5 54 55 56 5z
and R™ can be non-hydrogen substituents; alternatively,R”°, R™, R™, and R°° can be hydrogen and R
J J o
: &2 33 35 E 56 E 54 .
can be a non-hydrogen substituent, R, R, R™, and R™ can be hydrogen and R™ can be a non-hydrogen
o p=]
. ‘ 53 35 56 32 54 <y 43
substitaent, R7, R, and R can be hydrogen and R and R** can be non-hydrogen substituents, or R™,
. > 2 o o é)
54 53 52 56 3 : : 52 s34
R™, and R™ can be hydrogen and R™ and R™ can be non-hydrogen substituents; alternatively, R™, R™,
2 < o - o
5z 56 ., x5 . 52 gy 54 56
R”, and R can be hydrogen and R” can be a non-hvdrogen substitaent, or R R, and R™ can be
3 o o o o
hydrogen and R and R™ can be non-hwdrogen substituents; alternatively, R, R™, R”, and R can be
yarog YOrog
: . 52 43 5 46 4
hydrogen and R™ can be a non-hydrogen substituent, or R™, R, R, and R™ can be hydrogen and R
: - 53 55 36 54
can be 8 non-hydrogen substituent; alternatively, R”,R”, and R can be hydrogen and R”and R canbe
. 5 54 3 55 52 56 Farg i
non-hydrogen substituents, R, R, and R” can be hydrogen and R™ and R can be non-hydrogen
o o 2 2 2 } & &
. 5 s ; 332 54 56 ;
substituents, or B and R can be hydrogen and R™, R™, and R™ can be non-hydrogen substituents; or
: 33 35 56 2 54 . 53
alternatively, R, R, and R can be hvdrozen and R™ and R™ can be non-hydrogen substituents, or R ’
)’a s L R 2 (=
54 54 56 . .
R™ and R can be hydrogen and R and R can be non-hydrogen substituents. In other embodiments
> yareg 3 g
. 5 52 53 34 35 56 : 33 34 35 R
wherein R” has Structore Gi0, R, R®, R™, R”, and R™ can be hydrogen; alternatively, R, R™ R, and
o 52 Tk 1 : 352 154 1338 K
R™ can be hydrogen and R can be a non-hydrogen substituent; alternatively, R, R™, R™, and R™ can
3 . . 52 s 55
be hydrogen and R™ can be a noun-hydrogen substitment; aliernatively, R™, R, R, and R°® can be
o o fier] o
5 o : 33 35 56
fiydrogen and R can be 3 non-hvdrogen substituent; alternatively, R, R, and R™ can be hydrogen and
) 2 > 5 > 2
57 £ . . . 53 54 5 52
R™ and R™ can be non-hydrogen substituents; alternatively, R, R™, and B> can be hydrogen and R
yarog 3 g
and R can be non-hyvdrogen substitaents; alternatively, B2, R™, and R can be hydrogen and R™ and
Yyarog 3 YArog
3 . . 553 4 55 752 54
R™ and can be non-hydrogen substituents; or alternatively, R™ and R can be hvdrogen and R, R, and
o y o
R can be non-hydrogen substituents. Substituents (general and specific) are independently disclosed
J fte p o
. ege . , . . . 57 3 34 45 ~ 4 .
herein and can be utilized without limitation as R, R, R, R*, and R® for the R* group havin
&

Structure GO,

[00108] In an aspect, R and R’ independently can be a pyridiny! group, a substituted pyridiny! group,
a furyl group, a substituted furyl group, a thicoyl group, or a substitted thicoyl group. In an
embodiment, R* and R’ independently can be a pyridinyl group or a substituted pyridingl group;
alternatively, a furyl group or a substituted furyl group; or alternatively, a thienyl group ot a substituied
thienyl group. In some embodiments, R* and R’ independently can be a pyridiny group, a furyl group, or
a thienyl group. In other embodiments, R® and R can be a pyridinyl group; alternatively, a substituted
pyridinyl group; alternatively, a furyl group; alterpatively, a substituted furyl group; alternatively, a
thienyl group; or alternatively, a substituted thienyl group.

100109] In an embodiment, the pyridinyl (or substituted pyridinyl) R and R” group independently can
be & pyridin-2-yi group, a substituted pyridin-2-yi group, a pyridin-3-yl group, a substituted pyridin-3-yl

group, a pyridin-4-yt group, or a substituted pyridin-4-vi group; or alteroatively, a pyridin-2-yl group, &
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pyridio-3-yl group, or a pyndin-d-yt group. In some embodiments, the pyridinyt {or substuuted
pyridinyl) R* and R group independently can be a pyridin-2-yi group or a substituted pyridin-2-y1 group;
alternatively, a pyridin-3-yl group or a substitated pyridin-3-y1 group; alternatively a pyridin-4-vi group
or a sabstituted pyridin-4-yl group; alteratively, a pyridin-2-vl group; alternatively, a substituted pyridio-
2-yl group; alternatively, a pyridin-3-vl group; siternatively, a substituted pyridin-3-yl group;
alternatively, a pyridin-4-vl group; or alternatively, a substituted pyridin-4-yl group. In an embodiment,
the substituted pyridinyl R and R® group independently can be a 2-substituted pyridin-3-yt group, a 4-
substitoted pyridin-3-y1 group, a 5-substituted pyndin-3-y1 group, a 6-substituted pyridin-3-y1 group, a
2 4-disubstituted pyridin-3-yl group, a 2,6-disubstitated pyridin-3-vl group, or a 2.4,6-trisubstituted
pyridin-3-vl group; alternatively, 2-substituted pyridin-3-yl group, a 4-substituted pyridin-3-v! group, or a
G-substituted  pyridin-3-yl group:; alternatively, a 2 4-disubstituted pyridin-3-yi group or a 2,6-
disubsiituted pyridin-3-yl group; slternatively, a 2-substituted pyridin-3-vl group; alternatively, a 4-
substituted pyndin-3-yl group; alternatively, a S5-substituted pyridin-3-yl group; alternatively, a 6-
substituted pyridin-3-yl group; alternatively, a 2 4-disubstituted pyridin-3-yl group; altematively, a 2,6-
disubsittuted pyridin-3-yl group; or aliernatively, a 2,4.6-trisubstituted pynidin-3-yf group. In an
embodiment, the substituted pyridinyl R* and R® group independently can be a 2-substituted pyridin-4-yl
croup, a 3-substituted pyridin-4-yl group, a S-substituted pyridin-4-y1 group, a 6-substituted pyridin-4-vi
group, & 2,56-disubstituted pyridin-4-yt group, or a 3,5-«hsubstituted pynidin-4-yt group; alternatively, 2-
substituted pyridin-4-yl group or & 6-substituted pyridin-4-yl group; alternatively, a 3-substituted pyridin-
4-vl group or a S5-substituted pyridin-4-yl group; altersatively, a 2-substituted pynidin-4-yl group;
alternatively, a 3-substiited pyridin-4d-vl group; alternatively, a S-substituted pyridin-d-yl group;
alternatively, a 6-substituted pyridin-4-yl group; alternatively, a 2,6-disubstituted pyridin-4-yl group; or
alternatively, a 3,5-disabstituted pyridin-4-vl group. Substituents {general and specific) are independently
disclosed herein and can be utilized without imitation to further describe the substituted pyridiny! groups

which can be uiilized as R* and/or R®

{60110} In an embodiment, each furyl {or substituted furyl) R* and R* group can be independently
selected from a fur-2-yl group, a substituted fur-2-yl group, a fur-3-yl group, or a substituted for-3-yi
group; ot alteroatively, a fur-2-yl or a fur-3-vl group. In some embodiments, the furyl (or substituted
furyl) R® and R group can be independently selected from a fur-2-yt group or a substituted fur-2-yi
group; alternatively, a fur-3-yl group or a substituted fur-3-yl group; alternatively, a fur-2-vl group;
alternatively, a substituted for-2-yl group; alternatively, a fur-3-v1 group; or alternatively, a substituted fur
-3yl group. In an embodiment, the substituted furyl RY and R group can be a 2-substituted fur-3-v1

group, a 4-substituted fur-3-yi group, or a 2,4-disubstituted fur-3-y! group; alternatively, a 2-substituted
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fur-3-yi group; alternatively, a 4-substituted fur-3-vi group; or alternatively, a 2,4-disubstituted fur-3-yi
eroup. Substituents {general and specific) are mdependently disclosed herein and can be utilized without

limitation to further describe the substituted fury! groups which can be utilized as R and/or R’

{00111} In an embodiment, the thienyl (or substituted thienyl) R® and R” group can be independently
selected from a thien-2-vi group, a substituted thicn-2-yl group, a thien-3-vi group, or a substituted thien-
3-vi group; ot alternatively, a thien-2-vi group or a thien-3-vl group. In some embodiments, the thienyl
(or substituted thienyl) R* and R” group can be independently selected from a thien-2-yl group or a
substituted thien-2-yl group; alternatively, a thien-3-yi group or a substituted thien-3-yl group;
afternatively, a thien-2-y1 group; alternatively, a substituted thien-2-vl group; aliematively, a thien-3-vi
group; or alternatively, a substituted thien-3-yl group. In an embodiment, the substituted thienyl R and
R" group can be a 2-substituted thien-3-yi group, a 4-substituted thien-3-yt group, or a 2,4-disubstituted
thien-3-yl group; aliernatively, a 2-substituted thien-3-y1 group; alternatively, a 4-substituted thien-3-v1
croup; or alternatively, a 2.4-disubstitited thien-3-vl group. Substituents (general and specific) are
independently disclosed herein and can be utilized without linutation to fusther describe the substituted

thienyl groups which can be utilized as R® and/or R’

100112} In an aspoct, R and R’ can be joined to form a cyclic group including the phosphorus atom.
In an embodiment when R and R are joined to form a cyclic group including the phosphorus atom of the
N-phosphinyl guanidine group, the phosphinyl group can be a phosphol-1-yl group, a substituted
phospbol-1-v1 group, a 2,3-dihydrophosphol-1-yi group, a substituted 2,3-dthydro-phosphol-t-yl group, a
3,5-dibydropbosphol-1-yi group, a substituted 3,5-dihydropbosphot-1-yl group, a phospholan-1-v group,
a substituted phospbolan-1-yt group, a 1,2-dihydrophosphinin-i-yl group, a substituted, 1,2-dihydro-
phosphimin-1-yl group, a 1.4-dihydrophosphinin-1-yvi group, a substituted 1,4-dihydrophosphinin-i-yl
group, a 1,2,3 4-tetrahydrophosphinun-1-yl group, a substituted 1,23 4-tetrahydrophosphinin-1-yl group,
a 1,2,3,6-tetrahydrophospbiin-1-yl group, a substituted 1,2.3.6-tetrahydrophospbiun-t-yl group, a
phosphinan-1-yl group, or a substituted phosphinan-1-yt group. In some embodiments when R* and R are
joined to form a oyclic group including the phosphorus atom of the N -phosphinylguanidine group, the
phosphinyl group can be a phosphel-1-vl group or a sabstituted phosphol-1-vl group; alternatively, a
2, 3-dihydrophosphol-1-yl group or a substituted 2.3-dihydrophosphol-1-v1 group; alternatively, a
3,5-dihvdrophospbol-1-v1 group or a substituted 3,5-dibydropbosphol-1-yl group; altematively, a
phospholan-1-yl group or a substituted phospholan-i-yl group: alternatively, a 1.2-dihydro-
phosphinin-1-yl group or a substituted, 1,2-dihydrophosphinin-i-yl groop; altematively, a 1,4-dihydro-
phosphinin-1-yl group or a substituted 1,4-dihydrophosphinin-1-yl group; alternatively, a 1,2,3,4-tetra-

bydrophosphinin- -yt group or a substituted 1,2,3,4-tetrabydro-phosphinin-1-yl group; altemnatively, a
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i,2,3,6-tetrahydrophospbinin-1-yi group or a substituted 1,2,3,6-tetrahydrophosphinin-i-yl group; or
alterpatively, a phosphinan-1-yl group or a substituted phosphinan-1-yl group. In some cmbodiments
when R* and R” are joined to form a cyclic group including the phosphorus atom of the N°-phosphinyl
suanidine group, the phosphinyl group can be a phosphot-1-vl group, a 2,3-dihydrophosphol-1-y1 group, a
3,5-dihydrophosphol-1-yl group, a phospholan-1-yl group, a 1,2-dihydrophosphinin-i-yl group, a
i, 4-dihydrophospbinin-1-yl group, a 1,23 4-tefrabhydropbosphinin-1-yt group, a 1,2,3,6-tetrahvdro-
phosphinin-1-yl group, or a phosphinan-1-y1 group. In other embodiments when R and R’ are joined to
form a cyclic group including the phosphorus atom of the N -phosphinyiguanidine group, the phosphinyt
aroup can be a substituted phosphol-1-yl group, 8 substituted 2 3-dihydrophosphol-1-v1 group, a
substituted  3,5-dihydrophosphol-1-vl group, a substituted phospholan-1-yl group, & substituted,
i,2-dihydrophospbinin-1-yl group, a substituted 1 4-dihydrophosphinin-i-yl group, a substituted
1.2,3 4-tetrabydrophosphinin-1-yl group, a substituted 1,2.3,6-tetrahydrophosphinio-i-yl group, or 3
substitated phosphinan-1-yi group. In yet other embodiments when R and R are joined to form a cyclic
group including the phosphorus atom of the N -phosphinyl guanidine group, a phospholan-1-vi group, a
substituted phospbolan-1-yl group, a phosphunao-i-yl group, ot a substituted pbosphivan-1-vi group;
alternatively, a phospholan-t-yl group or a phosphinan-i-yl group; or alternatively, a substituted
phospholan-1-yl group or a substituted phosphinan-1-yl group. In further embodiments when R and R
are joined to form a cyelic group including the phosphorus atom of the N -phosphinyl guanidine group,
the phosphinyl group can be a phosphol-1-yl group; alternatively, a substituted phosphol-1-yl group;
afteroatively, a 2,3-dibydro-phosphol-1-vl group; alteroatively, a substituted 2,3-dihvdrophosphoi-1-vi
group;  alterpatively, a  3,5-dihydrophosphol-1-yt  group;  alternatively, a  substituted
3.5-cdihydrophosphol-1-y1 group; alternatively, a phospholan-i-vl group; alternatively, a sabstituted
phospholan-1-yl group; alternatively, a 1,2-dibvdrophosphinin-i-yl group; aliernatively, a substituted,
i,2-dihydrophospbinin-1-yl group; alternatively, a 1,4-dihydrophospbinin-t-yl group; alternatively, a
substituted 1,4-dihydrophosphinin-1-vl group; alternatively, a 1,2,3 4-tetrabydro-phospbinin-1-y1 group;
alternatively, a  substituted 1.2,3,4-tetrabydrophosphinio-1-yl  group; alternatively,  a
1,2,3,6-tetrahydrophosphinin-1-yl group:; alternatively, a substituted 1,2.3,6-tetrahydrophosphinin-1-yl
group; alternatively, a phosphinan-1-yl group; or alternatively, a substituted phosphinan-1-yl group.
Substituenis (geoeral and specific) are independently disclosed herein and can be utilized without
limitation to further describe substituted groups where R* and R are joined to form a cyclic group

including the phosphoras atom.

001131  In an embodiment when R and R’ are juined to form a cyclic group including the phosphorus

atom of the N -phosphiny! guanidine group, the cyclic group including the phosphorus atom can comprise
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at loast one substituent on a carbon atom adjacent to the phosphorus atom attached to the N” nitrogen
atom of the N'-phosphinyl guanidine group. In some embodiments when R* and R’ are joined to form a
cyclic group including the phosphorus atom of the N -phosphinyl guanidine group, the cyclic group
including the phosphorus atom can comprise at least one substituent on cach carbon atom adjacent to the
phosphorus atom attached to the N° nitrogen atom of the N-phosphinyl guanidine group. In other
embodiments when R and R’ are joined to form a cyclic group including the phosphoras atom of the
N°-phosphinyl guanidine group, the cyclic group including the phosphorus atom can comprise, or consist
of, only one substituent on a carbon atom adjacent to the phosphorus atom attached to the N” nitrogen
atom of the N -phosphiny! guanidine group. In vet other embodiments when R” and R are joined to form
a cyclic group including the phosphorus atom of the N -phosphiny! guanidine group, the cyclic group
inclading the phosphorus atom can comprise, or consist of, only one substituent on each carbon atom

adjacent to the phosphorus atom attached to the N” nitrogen atom of the N -phosphiny! guanidine group.

{00114 In an embodiment, R and R’ independently can be a phenyl group, a 2-alkyiphenyl group, a
3-altkyiphenyl group, a 4-alkylphenyl group, a 2,4-dialkviphenyl group, a 2,6-dialkylphenyl group, a 3,5-
dialkylpheoyl group, or a 2.4, 6-triafkylpbenyt group; alternatively, a 2-alkyipheoyl group, a 4-alkyl-
phenyl group, a 2,4-dialkyiphenyl group, a 2,6-dialkyiphenyl eroup, or a 2.4.6-triatkylphenyl group;
alternatively, a 2-alkylphenyl group or a 4-alkyiphenyl group; alternatively, a 2,4-dialkylpheny! group, a
2,6-dalkyiphenyl group, or a 2,4.6-trialkyiphenyl group; alternatively, a 2,4-dialkylphenyl group or a
2, 6-dialkylphenyl group; alternatively, a 2,6-dialkylphenyl group, or a 2,4,6-tnalkyiphenvl group;
alternatively, a 3-alkylpbenyl group or a 3,5-dialkylphenyt group; alternatively, a Z-alkylpbenyl group or
a 2.6-dialkylphenyl group; alternatively, a 2-alkylphenyl group; alternatively, a 3-alkylphenvi group;
alternatively, a 4-alkylphenyl group; alternatively, a 2.4-cdialkyiphenyl group; alternatively, a 2,6-diatkyl-
phenyl group; alternatively, a 3,5-dialkylphenyl group; or alternatively, a 2,4,6-tnalkvipheny! group. In
another non-limiting embodiment, R* and R’ independently can be a napht-1-yl group, a 2-naphth-2-v1
groop, a 2-altkylpaphth-1-vl group, a l-alkyinaphth-2-y1 group, a 3-alkylpapth-2-y1 eroup, or a
1.3-diatkyinaphth-2-y1 group; alterpatively, a napht-1-yl group or a Z2-alkylnaphth-1-yl group;
alternatively, a naphth-2-yl group, a l-alkylnaphth-2-yl group, a 3-alkylnapth-2-y1 eroup, or a
1,3~dialkylnaphth-2-y1 group; alternatively, a naphi-1-yl group; alternatively, a 2-naphth-2-yl group;
alteroatively, a Z-alkyloapbth-1-yl group; alterpatively, a l-alkyloapbth-2-y1 group; alterpatively, a
J-alkylnapth-2-yl group; or alternatively, a 1, 3-dialkylnaphth-2-y1 growp. In other non-limiting
embodiments, R* and R independently can be a cyclohexyl group, a 2-alkyleyciohexyl group, or a
2 6-dialkylcvclohexyl group; alternatively, a cyclopentyl group, a Z-alkyleyclopentyl group, or a

2,5-diatkyleyclopentyl group; alternatively, a cyclohesyl group; alternatively, a 2-alkyieyclobhexyl group;
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alternatively, a 2,6-diatkyicyclohexy! group; alternatively, cyclopeotyl group; alternatively, a 2-altkyl-
cyclopentyl group; or alternatively, a 2,5-diatkyleyclopentyl group. Alkyl group substituents {general and
specific) are independently described herein and can be utilized, without himstation, to further describe the
atkylphenyl, dialkyiphenyl, tralkylphenyl, naphthyl, dialkyinaphthyl, alkylcyclohexyl, dialkyleyclohexyl,
alkylcyclopentyl, or dialkvicyclopentyl groups that can be utilized as R and/or R’. Generally, the atkyl
substituents of a diatky! ot iriaikyl pheoyl, naphthyl, cyclohexyl, or cyclopeotyl group can be the same; or
alternatively the alkyl substituents of a diatkyl or triatkyl phenyl, naphthvl, cyclohexyvl, or cyclopentyl

group can be different.

{00115} In another non-limiting embodiment, R* and R’ independently can be a phenyl group, a
Z-alkoxypbenyl group, a 3-alkoxypheny! group, a 4-altkoxypheny! group, or 3,5-distkoxyphenyl group;
afteroatively, a 2-alkoxypbenyl group or a 4-alkoxyphenyl group; alternatively, a 3-alkoxypheoy! group
or 3,5-dialkoxyphenyl group; alterpatively, a Z-alkoxyphenyl group; alternatively, a 3-alkoxyphenyl
eroup; alternatively, a 4-alkoxyphenyl group; alternatively, a 3,5-dialkoxyphenyl group.  Alkoxy group
substituents {(general and specific) are independently described herein and can be utilized, without
limitation, to further describe the atkoxypheny! or dialkoxyphenyl groups that can be utitized as R and/or
R’. Generally, the alkoxy substituents of a dialkoxyphenyl groups can be the same; or alternatively the

atkoxy substituents of a dialkoxyphenyl group can be different.

[00116] In other non-limiting embodiments, R* and R” independently can be a phenyl group, a 2-halo-
phenyl group, a 3-halophenyl group, a 4-halophenyt group, a 2,6-dihalophenylgroup, or a 3,5-dialkyt-
phenvl group; alternatively, a 2-halophenyl group, a 4-halophenyl group, or a 2,6-dihalophenyi group;
alternatively, a 2-halophenyl group or a 4-halophenyl group; alternatively, a 3-halophenyl group or a
3.5-chhalophenyl group:; alternatively, a 2-halophenyl group; alterpatively, a 3-halophenvl group;
afternatively, a 4-halophenyl group; alternatively, a 2,6-dihalophenylgroup; or alternatively, a 3,5-dthalo-
phenyl group. Halides are wndependently described hercin and can be utilized, without linutation, to
further describe the halophenyl or dihalophenyl groups that can be utilized as R® and/or R, Generally,
the halides of a dihalophenyl group can be the same; or alternatively the halides of a dihalophenyl grogp

can be different.

1001317} Tn a non-linuting embodiment, RY and R’ independently can be a 2-methylphenyl group, a
2-ethylphenyl group, a 2-isopropylphenyl group, a 2-tert-butyiphenyl group, a 3-methylpheoy! group, a
2,6-dimethylphenyl group, a 2,6-diethylpheny! group, a 2,6-dusopropylphenyl group, a 2.6-di-tart-butyl-
phenyl group, a 3,5-dimethyl groop, or a 2.4, 6-trimethylphenyl group; alternatively, a Z-methylphenyl

group, a 2-cthylphenyl group, a 2-isopropyiphenyl group, or a 2-tert-butyipheny! group; alternatively, a
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2,6-dimethylpbenyl  group, a 2.6-dicthylphenyl group, a 2,6-dusopropylphenyt group, or a
2.6-di-tect-butyiphenyl group: alternatively, 2-methylphenyl group; alternatively, a Z-ethyiphenyl group;
alternatively, a 2-isopropylphenyl group; alternatively, a 2-tert-butylphenyl group; alternatively, a
3-methylphenyl group; alternatively, a 26-dimethylpheny! group; alternatively, a 2,6-diethylphenyl
group; alternatively, a 2,6-dissopropylphenyl group; altematively, a 2,6-di-tert-butylphenyl group;
alternatively, a 3,5-dimethyl group; or altersatively, a 2.4.6-trimethylphenyl group. In another noo-
limiting embodiment, R* and R’ independently can be cyclohexyl group, a 2-methylcyelohexyl group, a
2-ethyicyclohexyl group, a 2-isopropyleyciohexyl group, a 2-tert-butylcycichexyl group, a 2,6-dimethyi-
cyclohexyl group, a 2,6-diethyloycichexyl group, a  2,6-diisopropvicyclobexyl group, or a
2.6-di-tevt-butyleyelohexyl group; alternatively, a 2-methyvicyclohexyl group, a 2-ethvicyeiohexs! group,
a 2-isopropyleyelohexyl group, or a 2-tart-butylcyclohexyl group; alternatively, a 2,6-dimethyloyclohexyl
eroup, a 2.6-diethyleyclohexyi group, a 2,6-disopropyleyciohexyl group, or a 2,6-di-tert-butyleyciohexyl
group; aliernatively, a cyclohexyl group; alternatively, a 2-methyloyclohexyl group; alternatvely, a
2-ethyleyclohexyl group; alternatively, a 2-isopropyleyvclohexyl group; alternatively, a Z-tert-butyl-
cyclobexyl group; alternatively, a 2,6-dimethyleycichexy! group; alternatively, a 2,6-disthyleyclohexyl
group; altematively, a 2,6-ditsopropyicyciobexyl group; or alternatively, a 2,6-di-tert-butyloyclohexyt
group. In another non-limiting embodiment, R* and/or R” independently can be a 2-methylnaphth-1-y1
group, a 2-cthylnaphth-1-yl group, a Z-n-propyinaphth-1-yl group, a 2-isopropylnaphth-1-yl group, or a
2-tert-butylnaphth-1-vl group; alternatively, a 2-methvinaphth-1-vl group; alternatively, a 2-ethyl-
papbth-1-v} group; alternatively, a 2-n-propyinaphth-1-vl group; alternatively, a 2-isopropyloapbth-1-yi
group; of alternatively, a 2-tert-butyinaphth-1-y1 group.

{00118 In a non-limiting embodiment, R* and R independently can be a 2-methoxyphenyl group, a
2-ethoxyphenyl group, a 2-isopropoxyphenyl group, a 2-tert-butoxyphenyl group, a 3-methoxyphenyl

group, a 3-cthoxyphenyl group, a 3-isopropoxyphenyi group, a 3-tect-butoxypheny! group, a 4-methoxy-

phenyl group, a 4-ethoxyphenyi group, a 4-isopropoxyphenyl group, a 4-tert-butoxyphenyl group, a
2.4-dimethoxyphenyl group, a 24-dicthoxyphenyl group, a 24-diusopropoxyphenvt group, 3

o

2 4-di-tert-butoxyphenyl group, a 3,5-dimethoxyphenyl group, a 3,5-diethoxyphenyl group, «
3. 5-dusopropoxyphenvl group, a 3.5-di-tert-butoxyphenyl group, a 2,6-dumethoxypheonvl group, a
2.6-diethoxyphenyl group, a 2,6-dusopropoxyphenyl group, a 2,6-di-tert-butoxypbenyl group, or a
2.4, 6-trimethoxyphenyl group; alternatively, a Z-methoxyphenyl group, a 2-ethoxyphenyl group, a
2-sopropoxyphenyl group, or a 2-tert-butoxyphenyl group; alternatively, a 3-methoxyphenyl group, a
3-ethoxypheny! group, a 3-sopropoxyphenyl group, or a 3-tert-butoxyphenyl group; alternatively, a

4-methoxyphenyl group, a 4-ethoxyphenyl group, a 4-1sopropoxyphenyl group, or a 4-tert-butoxyphenyl
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group; altematively, a 2 4-dimethoxyphenyl group, a 2,4-dicthoxypheoyl group, a 2,4-disopropoxy-
phenyl group, or a 24-di-tert-butoxyphenyl group; altematively, a 3,5-dimethoxyphenyl group. 2
3.5-diethoxyphenyl group, a 3.5-diisopropoxyphenyl group, or a 3,5-di-tert-butoxyphenyl group; or
aiternatively, a 2,6-dimethoxyphenyl group, a 2.6-diethoxyphenyl group, a 2.6-disopropoxyphenyl
group, or a 2,6-di-tert-butoxyphenyl group. In other non-lintiting embodiments, R and R’ independently
can be a Z-methoxyphenyl group; alternatively, a 2-cthoxyphenyl group; alternatively, a
2-sopropoxyphenyl group; alternatively, a 2-tert-butoxyphenyl group; alterpatively, a 3-methoxyphenyl
group; altemnatively, a 3-ethoxyphenyl group; alternatively, a 3-isopropoxyphenyl group; alternatively, a
3-tert-butoxyphenyl group; alternatively, a 4-methoxyphenyl group; altermnatively, a 4-ethoxyphenyl
group; alternatively, a 4-isopropoxyphenyl group; altersatively, a 4-tert-butoxyphenyl group;
alternatively, a 2,4-dimethoxyphenyl group; alternatively, a 2,4-diethoxyphenyl group; alternatively, a
2.4-diisopropoxyphenyl  group;  alternatively, a  24-dietert-butoxyphenyl group:; alternatively;
alternatively, a 3,5-dimethoxyphenyl group; alternatively, a 3,S-diethoxyphenyl group; alternatively, a
3.5-disopropoxypheny!  group; alternatively, a 3,5-di-tert-butoxyphenyl group; aliernatively, a
2.6-dimethoxypheny! group; alternatively, a 2,6-diethoxypheoy! group; alterpatively, a 2,6-diisopropoxy-
phenyl group; alternatively, a 2,6-di-tert-butoxyphenyl group; or alternatively, a 2,4.6-trimethoxyphenyt
group. In another non-limiting erbodiment, R and/or R independently can be a 2-fluorophenyl group, a
2-chlorophenyl growp, a 3-fluorophenyl group, a 3-chlorophenyl group, a 4-fluorophenyt group, a
4-chlorophenyl group, a 3,5-difluorophenyl group, or a 3,5-dichiorophenyl group; alternatively, a
2-fluoropbenyl group or a 2-chlorophenyl group; altematively, a 3-fluorophenyl group or a 3-chloro-
phenyl group; alternatively, a 4-fluorophenyt group or a 4-chlorophenyl group; alternatively, a
3.5-difluorophenyl group or a 3.5-dichlorophenyl group; alternatively, a 3-fluorophenyl group, a
3-chlorophenyvl group, a 3,5-difluorophenyl group or a 3,5-dichlorophenyl group; or alternatively, a
3-fluorophenyl group or a 3,5-diflucrophenyl group. In another non-limiting embodiments, R and/or ®°
mdependently can be a 2-flucropbenyl group; alternatively, a 2-chlorophenyl group; alternatively, a
3-fluorophenyl group; alternatively, a 3-chlorophenyl group; alterpatively, a 4-fluorophenyl group;
alternatively, a 4-chlorophenyl; alternatively, a 3,5-difluorophenyl group; or alternatively, a
3,8-dichiorophenyl group. Generally, the R* and/or R” groups of the phosphinyl group independently can
be any R or R” group described herein and utilized in any combination to further describe the phosphinyt
group of any N'-phosphiny! guanidine compound described herein. In an embodiment, R* and R” can be

the same. In other embodiments, R* and R can be different.
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Phosphinyl Group

{00119} In an aspect, the phosphinyl group of the N°-phosphinyl guanidine compound can be a
diphenylphosphinyi group, a dialkylphosphiny!l group, a bis{mono-halo substituted phenylyphosphiny!
group, a bis{mono-atkyl substitated phenyhphosphunyl group, or a bis{mono-alkoxy substituted phenyl)-
phospbinyl group; alternatively, a diphenylpbosphioyl group; altervatively, a dialkyiphosphiny! group;
afteroatively, a bis{mono-halo substituted phenyliphosphingl group; alternatively, a bis(mono-alkyl
substituted phenyliphosphinyl group; alternatively, a bis(mono-atkoxy substituted phenyhphosphinyl
group. In another aspect, the phosphinyl group of the N -phosphinyl goanidine compound can be an
{allyD{phenyl)phosphinyl group, a (mono-halo substituted phenyb(phenyliphosphinyl group, a (mono-
atkyl substittted phenyiiphenyliphosphinyl group, a (mwone-alkoxy substituted phenyl}phenylphos-
phinyl group, a (mono-alkyl substiuted phenyii(mono-halo substituted phenyl) phosphinyl group, or a
(mono-alky! substituted phenyli(mono-alkoxy substituted pheayl) phosphinyl group; aliernatively, an
{alkyD{phenvijphosphinyl group; alternatively, a (mono-halo substitated phenyl){phenylphosphinyt
group; alternatively, a (mono-alkyl substituted phenvi}phenylphosphinyl group; alternatively, a (mono-
atkoxy substituted phenyh{pheoyhphosphinyl group; alterpatively, a (mono-alkyl substituted phenyl)-
{mono-halo substituted phenyl) phosphinyl group; or alternatively, a (mono-alkyl substituted phenyl)-
{mono-alkoxy substituted phenyl) phosphinyl group.  In another aspect, the phosphinyl group of the
N-phosphinyl guanidine compound can be a bis(dihalo substituted phenylphosphinyl group, a
bis(dialkyl substituted phenylphosphinyl group, a bis(dialkoxy substituted phenyhphosplunyl group, a
bis(trialkylpheoyhphosphinyt group, or a bis(trialkoxyphenyDpbosphiny! group; aliernatively, bis{dihalo
substituted phenyliphosphinyl group; alternatively, a bis{diatkyl substituted phenylphosphiny! group;
alternatively, a bis(diatkoxy substituted phenvl}phosphinyl group; alternatively, a bis{trialkylphenyl)-
phosphinyl group; or aslternatively, a bis(triatkoxyphenvliphosphinyl group.  Halogens, alkyl group
substituents {general and specific), and atkoxy group substituenis (general and specific) are jodependently
described hercin {o.g., as substituents for substituted R' groups) and can be utilized, without limitation to

further describe the phosphinyl group which can be utilized in the N*-phosphiny! guanidine compound.

(001207 In a non-limiting aspect, the phosphinyl group of the N>-phosphinyl guanidine compound can
be a dimethylphosphinyl group, a dicthylphosphinyl group, a ditsopropylphosphinyl group, a
di-tert-butylphosphioyl group, or a di-neo-pentylphosphioy! group. In a non-linwing eobodiment, the
phosphinyl group of the N'-phosphinyl guanidine compound can be a dimethylphosphinyl group;
alternatively, a diethyl phosphinyl group; alternatively, a ditsopropyiphosphinyl group; alternatively, a
di-tert-butylphosphinyl group; or slternatively, a di-neo-pentylphosphinyl group. In a non-limiting

aspect, the phosphinyl group of the N -phosphinyl guanidine compound can be a (methyl)phenyl)-
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phospbinyl group, a ({(cthyl(pheovlphosphinyt group, a (isopropyl¥phenyDphosphinyl group, a
{tert-butyl}(phenyDphosphinyt group, or a {ngo-pentyl{phenylpbosphinyl group. In an embodiment, the
phosphinyl group of the N-phosphinyl guanidine compound can be a (methyDy(phenyl)phosphinyl group;
ahernatively, a {cthyly{phenyl} phosphinyl group; alternatively, a (ssopropyD{phenyDphosphunyl group;
afternatively, a (tert-butyly{phenylphosphinyl group; or alternatively, a (neo-pentylyphenylphosphinyd
group. Tn some non-limiting embodiments, the phospbinyl group of the N .phosphbinyl suanidine
compound can be a dicyelopentyl phosphinyl group, a dicyclohexyl phosphinyl group; alterpatively, a

dicyclopentylphosphinyl group; or alternatively, a dicyclohexylphosphinyt group.

{00121}  In vet another non non-limiting aspect, the phosphinyl group of the N™-phosphinyl guanidine
compound can be a bis(2-flucrophenylphosphinyl group, a bis{2-chlorophenylphosphinyl group, a
bis(3-fluorophenyliphosphinyl group, a bis(3-chlorophenyiiphospbuwyl group, a bis(4-fluoropbenyl)-
phosphinyl group, or a bis{4-chlorophenybphosphinyl group. In some non-limiting embodiments, the
phosphinyl group of the N-phosphinyl guamidine compound can be a bis(2-fluoropheny!phosphinyl
group, a bis(3-fluorophenyljphosphinyl group, or a bis{4-fluorophenylphosphinyl group; or alternatively,
a bis{2-chlorophenyliphospbunyl group, a bis(3-chiorophenylphosphiny! group, or a bis{4-chlorophenyl}-
phosphinyl group. In other non-limiting embodiments, the phosphinyl group of the N -phosphinyl
guanidine compound can be a bis(2-fluorophenyliphosphinyl group; alternatively, a bis{Z-chlorophenyl)-
phosphinyl group; alternatively, a bis(3-fluorophenyUphosphinyl group; alternatively, a bis(3-chloro-
phenylphosphinyl group; alternatively, a bis{4-fluorophenyhphosphinyl group; or aliernatively, a

bis(4-chlorophenylphosphinyl group.

{00122} In vet another non non-limiting aspect, the phosphinyl group of the N -phosphinyl guanidine
compound can be a (2-fhuorophenyliphenyliphosphinyl group, a (2-chlorophenyl)phenyDphosphinyl
group, a (3-fluorophenylXphenyhphosphinyl group, a (3-chiorophenyl{phenylphosphinyl group, a
(4-fluorophenyh(phenyiiphosphinyt group, or a (d-chlorophenyi¥phenyliphosphinyl group. o some
non-limiting embodiments, the phosphinyl group of the N'-phosphinyl guanidine compound can be a
(2-fluorophenyl(phenvhiphosphinyl group, a (3-fluorophenyl}{phenyliphosphinyl group, or a (4-fluoro-
phenyl{phenyhphosphinyl group; or alternatively, a (2-chlorophenyl}{phenyhiphosphinyl group, a
{3-chiorophenyl}{phenylphosphinyl group, or a {(4-chloropheny}phenyhphosphinyl group. In other
non-limiting embodiments, the phosphinyl group of the N'-phosphiny! guanidine compound can be a
{2-fluorophenyl}phenyDphosphinyl group; alternatively, a (2-chloropheny{phenyliphosphinyl group;
afternatively, a (3-fluorophenyh){phenylyphosphinyl group; altemmatively, a (3-chlorophenyl{phenvl)-
phosphinvl  group; alterpatively, a (4-fluorophenyl}{phenylphosphinyl group; or aliernatively, a

{4-chioropheny!}{phenyliphosphinyl group.
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00123} In vet another non non-limiting aspect, the phosphinyl group of the N -phosphinyl guanidine
compound can be a diphenylphosphinyl group, a bis(Z-methyiphenyhphosphinyl group, a bis(2-ethyl-
phenylphosphinyl group, a bis{2-1sopropyiphenyliphosphinyl group, a bis{2-tert-butylphenyhphosphinyt
group, a bis(3-methylphenylphosphinyl group, a bis(3-ethyiphenyiphosphinyl group, bis(3-sopropyi-
phenylphosphinyl group, a bis(3-tert-butviphenylphosphiny! group, a diphenylphosphinyl group, a
bis(4-methylphenyhiphosphinyl group, a bis{4-cthylpbenyliphosphinyt group, a bis(4-isopropyipbenyi)-
phosphinyl group, or a bis(4-tert-butylphenyliphosphinyl group. In a non-limiting embodument, the
phosphinyl group of the N'-phosphinyl guanidine compound can be a bis(2-methylphenylphosphinyl
group, a bs{Z-ethylphenyviiphosphinyl group, a bis(Z-isopropyiphenyliphosphinyl group, or a
bis(2-tert-butylphenyvlphosphinyl  group; alternatively, a diphenyiphosphinyl group, a bis(G-methyl-
pheoylphosphinyl group, a his{3-ethyiphenylphosphinyl group, a bis(3-isopropylpbenylpbosphinyt
group, or a bis(3-tert-butylphenylipbosphiny! group: or alternatively, a diphenylphosphinyl group, a
bis(4-methylphenyliphosphinyl groap, a bis{d-ethylphenyliphosphinyt group, a bis(4-isopropylphenyl)-
phosphunyl group, or a bis(4-tert-butylphenvlphosphinyl group. In other non-linuting embodiments, the
phosphinyl group of the N -phosphinyl guanidine compound can be a diphenylphosphinyl group;
alternatively, a bis{Z-methyvipheayhphosphinyl group; alternatively, a bis(Z-ethylphenylphosphinyl
group; alternatively, a bis(2-1sopropylphenyliphosphinyt group; alternatively, a bis(2-tert-butylphenyi)-
phosphinyl group; alternatively, 8 bis{3-methylphenyDphosphinyl group; alternatively, a bis(3-cthyl-
phenylphosphinyl group; alternatively, a bis(3-isopropylphenyDphosphinyl group; alternatively, a
bis(3-tert-butviphenylphosphinyl  group; alternatively, a diphenviphosphinyt group; alternatively, a
bis(4-methylphenyliphosphinyl group; alternatively, a bis(4-cthyiphenyl)phosphinyl group; alternatively,

a bis{4-isopropyiphenyhiphosphinyl groap; or alternatively, a bis(4-tert-botyiphenvlphosphinyl group.

00124}  In vet another non non-limiting aspect, the phosphinyl group of the N™-phosphinyl guanidine
compound can be a dipheoyipbhosphinyt group, a {2-methbyipbenyD{pheoybphosphunyl group, a (2-ethyt-
phenyl{phenybphosphimyl  group, a (2-isopropyiphenyl¥phenyiiphosphinyl group, a (2-tert-butyl-
phenvl)(phenyhphosphinyt group, a (3-methyiphenyl)phenyliphosphinyl group, a (3-sthylphenyl)-
{phenyDphosphinyl group, a (3-sopropylphenyli{phenyliphosphinyl groop, a {3-tert-butylphenyi)-
{phenyhphosphinyl group, a diphenylphosphinyl group, a (4-methylphenyh){(phenybphosphinyl group, a
(4-cthyiphenyh{pheoybphosphinyt  group, a {d-isopropylpbenyl}{pbenyphosphinyl group, or a
{4-tert-butylpheny}{phenyDphosphinyl group. In a non-limiting embodiment, the phosphinyl group of
the N -phosphinyl goanidine compound can be a (2-methyiphenyi)phenylphosphinyl group, a {2-ethyl-
phenyl{phenyhphosphinyl group, a (2-isopropylphenyli(phenylphosphinyl group, or a (2-tert-butyl-

pheoyl(pheoybphosphinyl  group; alternatively, a diphenyiphosphinyl group, a (3-metbylpbenyl)-
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{(phenyhphosphinyl group, a (3-cthylphenvi ¥phenyliphosphinyl group, a (3-1sopropylphenvi}{phenvly-
phosphinyl group, or a (3-tert-butylphenyl)phenybphosphinyt group; or alternatively, a diphenyl-
phosphinyl group, a (4-methylphenyl{phenyliphosphinyl group, a {(4-cthyiphenyl}{phenyliphosphinyt
group, a (4-sopropylphenylphenylphosphinyl group, or a (d-tert-butviphenyD{phenvliphosphinyl
group. In other non-limiting embodiments, the phosphinyl group of the N'-phosphinyl guanidine
compound can be a dipbenylphosphinyl group; altersatively, a (2-methyiphenyi i phenvliphosphinyl
eroup; alternatively, a (Z-ethylphenyl)(phenyDphosphinyl group; alternatively, a (2-isopropylphenyl)-
{phenyhphosphinyl group; alternatively, a (2-tert-butylphenyi)(phenyliphosphinyl group; alternatively, a
(3-methylphenyh(phenyUphosphinyl group; altematively, a (3-ethylphenyl){phenyliphosphinyl group;
afternatively, a (3-isopropylphenyh{phenylphosphinyl group; alternatively, a (3-tert-butylphenyl)-
(phenyhiphosphinyl group; alternatively, a diphenyiphosphinyl group; alterpatively, a (4-methylphenyi)-
{phenyhphosphinyl group; alternatively, a {d-cthylphenyl)(phenyliphosphinyt group; alterpatively, a
{4-tsopropylphenyD{phenyhphosphinyl group; or alternatively, a (d-tert-butylphenyl}{phenyvi)phosphinyl

STOUp.

[00125] In yet another non non-limiting aspect, the phosphinyl group of the N -phosphiny! guanidine
compound can be a diphenyiphosphinyl group, a bis(Z-methoxyphenyliphosphinyl group, a bis(2-ethoxy-
phenyliphosphinyl group, a bis(2-isopropoxyphenvlyphosphinyl group, a bis(2-tert-butoxyphenyl)-
phosphinyl group, a bis(3-methoxyphenylphosphinyl group, a bis(3-ethoxyphenylphosphinyl group, a
bis(3-isopropoxyphenyliphosphiny! group, a bis{3-tert-butoxyphenvl)phosphinyl group, a diphenoxy-
phospbinyl group, a bis{(4-methoxyphenyUpbosphinyl group, a bis{(d-sthoxyphenyliphosphinyl group,
bis(4-tsopropoxyphenyliphosphinyl group. or & bis(d-tert-butoxyphenylphosphinyi group. In a non-
limiting embodiment, the phosphinyl group of the N-phosphinyl guanidine compound can be a
bis(2-methoxyphenylphosphunyl group, a bis(Z-ethoxyphenyliphosphinyl group, a bis(2-isopropoxy-
pheoylphosphinyl group, or a bis(2-tert-butoxypbenylpbosphioyl group; alternatively, a diphenoxy-
phosphinyl group, a bis(3-methoxyphenylphosphiny! group, a bis(3-ethoxyphenyliphosphinyl group, a
bis(3-tsopropoxyphenylphosphinyl  group, or a  bis(3-tert-butoxyphenyliphosphinyl  group: o
alternatively, a diphenoxyphosphiny! group, a bis{(d-methoxyphenvlphosphinyl group, a bis(4-ethoxy-
phenyhphosphinyl group, a bis{4-isopropoxyphenyhphosphinyt group, or a bis{4-tert-butoxyphenyl)-
phosphinyl group.  In other non-limiting embodiments, the phosphinyl group of the N'-phosphinyl
guanidine compound can be a diphenyiphosphinyl group; alterpatively, a bis(Z-methoxyphenyl})-
phosphinvl group; alternatively, a bis(Z-ethoxyphenyliphosphiny! group; alternatively, a bis(2-iso-
propoxyphenyliphosphinyl  group;  alternatively,  a  bis(C-tert-butoxyphenylUphosphinyl  group;

alternatively, a bis(3-methoxyphenyhiphospbuwyl group; altersatively, a bis(3-cthoxyphenvliphosphinyl
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group; alternatively, a bis(3-sopropoxyphenyiphosphinyl group; alterpatively, a bis(3-tert-butoxy-
phenyDphosphinyl group; alternatively, a diphenoxyphospbinyl group; alternatively, a bis(4-methoxy-
phenylphosphinyl group; aiternatively, a bis{4-ethoxyphenyhiphosphinyi group; alternatively, a bis{4-izo-

propoxyphenylphosphinyl group; or alternatively, a bis{4-tert-butoxyphenybphosphinyl group.

100126} Tn yet another non non-limiting aspect, the phosphinyl group of the N-phosphiny! suanidine
comppound can be a diphenylpbosphioyl group, a (2-methoxyphenyl{pheoybphosphinyt group, a
(2-cthoxyphenyl)phenyhphosphinyl  group, a {(2-isopropoxyphenyl)(phenylphosphinyl  group, a
(2-tert-butoxyphenyl}phenylphosphinyl  group, a  (3-methoxyphenvli(phenyhiphosphinyl  group, a
(3-ethoxypheny){phenyhphosphinyl  group, a (3-isopropoxyphenyii(phenyhphosphinyl  group, a
(3-tert-butoxyphenvi ¥ phenyiphospbinyl group, a diphenoxyphosphinyt group, a (4-methoxyphenyi)-
{pheayDphosphinyt group, a (d-cthoxyphenyi}(phenyliphosphinyl group, a (4-isopropoxyphenyi)-
(phenyhphosphinyl group, or a (4-tert-butoxyphenyliy(phenyliphosphinyl group. In a non-limiting
embodiment, the phosphinyl group of the N'-phosphinyl guanidine compound can be a (2-methoxy-
phenyl(phenyhphosphinyt group, a (2-ethoxyphenyl)(phenyhphosphinyl group, a (2-isopropoxyphenyl)-
(phenybiphosphioyl group, ot a3 (2-tert-butoxyphenyh{pheoyhiphosphinyl  group; altersatively, a
diphenoxyphosphinyl group, a (3-methoxyphenyiWphenyliphosphinyl group, a (3-ethoxyphenyh{phenyi)-
phosphinyl group, a (3-isopropoxyphenyl}{phenyphosphinyl group, or a (3-tert-butoxyphenyliphenyl)-
phosphinvl group; or alternatively, a diphenoxyphosphinyl group, a {4-methoxyphenyl}phenyl)-
phosphinyl group, a (4-ethoxyphenyD{phenylphosphiryl group, a (4-isopropoxyphenyli{phenyl)-
phospbinyl group, or a (d-ert-butoxyphenybphenyDphosphinyl group.  In other pon-limiting
embodinents, the phosphinyl group of the N’-phosphinyl guanidine compound can be a diphenyl-
phosphinyl  group; alternatively, a (Z-methoxyphenyl¥phenvlphosphinyt group; alternatively, a
(2-ethoxyphenyl(phenyhphosphinyl  group; alternatively, a (2-isopropoxyphenyhphenvliphosphinyl
group; alterpatively, a {(2-tert-butoxyphenyli{pheoyhphosphinyl group; alternatively, a (3-methoxy-
phonylphenyliphosphinyl  group;  alternatively, a  (3-ethoxyphenyli(phenyliphosphinyl  group;
alternatively, a (3-isopropoxyphenyliphenyliphosphinyl group; alternatively, a (3-tert-butoxyphenyi)-
{phenyhphosphinyl group; alternatively, a diphenoxyphosphinyl group; alternatively, a (4-methoxy-
phenyl(phenybphosphinyl  group;  alternatively, a  {(4-cthoxyphenyl){phenylphosphinyl  group;
afteroatively, a {(4-isopropoxyphenyi¥phenviiphosphinyl group; or alterpatively, a {(4-ert-butoxy-
phenyt¥phenylphosphinyl group.

{08127} In an aspect, embodiment, R and R* can be joined to form a group, L', wherein L, the N'
nitrogen atom, and the N nitrogen atom can form a ring or a ring System. In another aspect, R and R’

o g 23 . 23, wTE 2o :
can be joined to form a group, 1.7, whercin L7, the N nifrogen, and the N° nitrogen atom can from a ring



WO 2013/184579 PCT/US2013/043902

66

2 ‘ 23 .
and/or L7 can be an organylenc group; alternatively, an

or a ring system. In an embodiment, L'
organylene group counsisting of inert functional groups; or alternatively, a hydrocarbylene group.  The
organylene group which can be utilized as L and L™ independently can be a €, to Cy organylene group;
alternatively, a C; to C. organylene group; alternatively, a C; to Cyp organyiene group; or alternatively, a
C, to Cs organylene group. The organylene group consisting of inert functional groups which can be
utilized as L' and 1" independently can be a C; to Oy organyiene group consisting of inert functional
eroups; alternatively, a C, to ;5 organylene group consisting of inert functional groups; alternatively, a
C; to Cyp organylene groop consisting of inert functional groups; or altematively, a C, to Cs organylene
group consisting of inert functional groups. The hydrocarbylene group which can be utilized as L" and
1.7 independently can be a C, to (o hydrocarbylene group; alternatively, a O, to Cys hydrocarbylene
group; alternatively, a C; to € hydrocarbylene group; or alternatively, a C; to Cs hydrocarbylene group.
In some embodinments whercin the N -phosphinyl guanidine compound includes L and L™, LY and L™
can be the same. In other embodiments wherein the N -phosphinyl guanidine compound includes L' and

L2 L and L™ can be different.

[00128] 1nan embodiment, L'* and/or L can have any structure provided in Table 1. fn embodiments,
LY and/or L” can have Structure 1L, Structure 2L, Structure 3L, Structure 4L or Structure 5L. In some
embodiments, L' and L™ independently can have Structure 2L or Structure 3L; alternatively, Stracture 4L
or Structure SL. In other embodiments, L and L™ independently can have Structure 1L; alternatively,
Structure 25 alternatively, Structure 31 alternatively, Structure 4L or alternatively, Structure 55, In
some enbodiments, L' can have Structure 6L. It should be noted that when L' has Structure 6L the
corresponding R™ is null because of the double bond link (depicted as real but can be through aromatic
resonance} with the N nitrogen atom of the N'-phosphinyl guanidine group.

23

Table 1 — Potential Structare for Linking Groups L' and/or L7

‘(CRLLRLZ:)m" “(:RL;RL"»“(:\RLD RLfvn “CRLSR‘LA"CRLF/RLS“CRLSRL()‘
Structure 1L Structure 2L Structure 3L
ORWEaR 2 rs N £1.26 =CRY-CR¥=CR”-
Structure 44 . Structure 6L

RL24 '{-_25

Structure 5L

s

Within the structures of Table 1, the undesignated valencies represent the points at which L' and/or L™,

. . . 2 . .y —
when present, attach to the respective nitrogen atoms of the N -phosphinyl guanidine group. Generally,
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m can be an integer ranging from 2 to 5. In further embodiments, m can be 2 or 3; alternatively, m cao be
2; or alternatively, m can be 3. R" and R" of the linking group having Structure 1L, RY, R™, R, and
RY of the iinking group having Structure 21, rY RY R R™ RY, and RY, of the tinking group having
Structure 3L, R™" and R™ of the linking group having Structure 4L, ™2 RY, R ™Y and RV of the
tinking group having Structure SL, R™, R'™ and R of the linking group having Structure 6L
tndependently can be a hydrogen or a non-hydrogen substiuené group {any geoeral or specific described
herein); or alternatively, hydrogen. Non-hydrogen substituent group (general and specificy are
mdependently disclosed herein and can be utilized without limitation to further describe the linking groap
having Structure 11, Structure 2L, Structure 3L, Structure 4L, and/or Structure SL. In an embodiment,
L7 and L7 independently can be an eth-1,2-ylene group (-CH,CH:-), an ethen-1,2-yiene group
(~CH=CH-), a prop-1,3-vlene group (-CH,CH,CH,-}, a {-methylethen-1,2-vlene group (-C{CH;=CH-), a
but-1,3-ylena group {-CHL,CH,CH(CH.)-), a 3-methytbut-1,3-vlene group ((CHCHLC(CH;)-), or a
phen-1,2-ylene group. In some non-limiting embodiments, L' and L7 independently be an eth-1,2-viene
aroup  (CHCH»-), a prop-1,3-viene group ((CHyCHCH,-), a  1-methylethen-1,2-viene group
{(-C{CH3=CH-), a but-13-viene group (-CHCH.CH(CH:}-), or a 3-methylbut-1,3-ylene group
(-CH,CH,C(CHs),-);  alternatively, sn eth-1,2-viene group (-CH,CHp-), an ethen-1,2-ylene group
{-CH=CH-), a prop-1,3-vlene group ((CHLCHCH,-}, or a8 phen-12-ylene group; alicrpatively, an
gth-1,2-ylene group (-CH,CH:-) or a prop-1,3-vlene group (-CH,CH,CH,-); alternatively, an ethen-1,2-
viene group (-CH=CH-) or a phen-1,2-vlene group. In other embodiments, L. and/or L™ can be an
eth-1,2-vlene group {-CH,CH,-); alternatively, an ethen-1,2-vlene group {-CH=CH-); alternatively, a
prop-1,3-viene group (-CH,CH.CH,-); aliernatively, a 1-methylethen-1,2-ylene group (-(C{CH;)=CH-);
alternatively, a but-1,3-vlene groop (-CHCH,CH{CH;}-); alternatively, a 3-methyibut-1,3-vlene group
(-CHL,CH,C(CH: -y or alternatively, a phen-1,2-vlene group. In some embodiments, L' can be a
CH=CH-CH= group. In an embodiment, L' can have a structure that can comprise at least one
substituent located on the carbon atom attached to the N' nitrogen atom of the N’ -phosphinyl guanidine
group; alternatively, can comprise only one substituent located on the carbon atom attached to the N'
nitrogen atom of the No-phosphinyl guanidine groop; or alteratively, can comprise two substituents
tocated on the carbon atom attached to the N’ nitrogen atom of the N2-phosphinyl guanidine group. In
apother embodiment, L' can have a structure that can cousist of one substituent located on the carbon
atom attached to N' nitrogen atom of the N -phosphinyl guanidine group; or alternatively, can consist of
two substituents located on the carbon atom attached to N' nitrogen atom of the N'-phosphinyl guanidine
aroup. In an embodiment, L7 can have a structure that can comprise at feast one substituent located on

the carbon aton attached to the N nitrogen atom of the N -phosphiny] guanidine group; alteratively, can
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comprise only one substituent located on the carbon atom attached to the N’ nitrogen atom of the N-
phosphinyl guanidine group; or slternatively, can comprise two substituents located on the carbon atom
attached to the N° nitrogen atom of the N -phosphinyl guanidine group. In another embodiment, L™ can
have a structure that can consist of one substituent located on the carbon atom attached to N° nitrogen
atom of the N -phosphiny! guanidine group; or alternatively, can consist of two substituents focated on

the carbon atom attached to N nitrogen atom of the N -phosphinyl guanidive group.

{00129} In an embodiment, R™ and R” can be joined to form a group, L™, wherein R”, R”, and the W’
nitrogen {or L and the N’ nitrogen) forms a ring or ring system. In an embodiment, L can be an
organylene group; alternatively, an organviene group consisting of inert functional groups; or
alternatively, a hydrocarbylene group, The organylene group which can be utilized as L™ can be a Cj to
o organylene group; alternatively, a Cs to Cys organylene group; or alternatively, a C; to € organylene
group. The organylene group consisting of inert functional groups which can be utilized as L™ can be a
C; to Cy organylene group consisting of inert functional groups; alternatively, a C; to Cys organylene
group consisting of nert functional groups; or alternatively, a C; to Cp organylene group counsisting of
inert functional groups. The hydrocarbylene group which can be utilized as L™ can be a €4 to Ty
bydrocarbylene group; alternatively, a €4 to C)s hydrocarbylene group; or alternatively, a Cy to Cy

hydrocarbylene group.

001381  Inan embodiment, L* can have any structare provided in Table 2. Tn some embodiments, L
can have Structure 11L, Structure 126, Structure 135, Structure 141, or Structure 15L.  In other
embodiments, L7 can have Structure 21 or Structure 3L; altematively, Structure 4L or Structure 5L, In
other embodiments, the linking group can have Structure 11; alternatively, Structure 2L alternatively,

Structure 3L; alternatively, Stracture 4L or alternatively, Structure SL.

Table 2 — Potential Structure for Linking Groups L™,
_(CRLMRLBZ}n_ “CRL/I‘;RL4-Z_CRL4-5RLA6 CRL4-'7RLA8 CRL4-3RL44~
Structare 111 Stracture 121

_CRL4 :,R[f'l’l -CR[ASR]A(S-CTRMQR('S O~CR (,47REA SJCREA 3RL44-_
Structoure 131

~ CRFA lRI—iZCRI—iSRI/’m_ C)--CR.IA7E{L4S } (_ji{I,-/lSRIA-’l . CRI@ i :C R,LSE‘ -C R.Lﬁl:Ci{LSZ :
Structure 15L Structure 6L

[00131]  Within the structures of Table 2, the undesignated valencies represent the points at which L™,

when present, attaches to the N° nitrogen atom of the N -phosphinyl guanidine group. Generally, n can
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be an toteger ranging from 4 to 7. In further embodiments, n can be 4 or 5; alternatively, 0 can be 4; or
alternatively, n can bg §. RP! and RM of the hinking group having Structure T, RUL RME RYWS RM
R RY RY and RM of the linking group having Stracture 121, pM M RSP RMM M RV RYY
R RM™ and RY of the finking group having Structure 135, RME M REE M RM RM M and
R of the linking group having Structure 141, REORMRY RMERMRME R and RM of the
linking group having Structure 151, and R™!, RM RM and R™* of the linking group having Structure
161 independently can be a hydrogen or a non-hydrogen substituent group (any general or specific
described herein); alternatively, hydrogen. MNon-hydrogen substituent groups {general and specific) are
independently disclosed herein and can be utihized without limitation to further describe the hinking group
having Structure 111, Structure 121, Structure 131, Structure 141, Stracture 151, and/or Structare 161,

* can be a but-1.4-vlene group, a pent-i,4-ylene group, a pent-1,5-vlene group, a

In an embodiment, L
hex-2,5-ylene group, a hex-1,5-ylene group, a hept-2,5-ylene group, a buta-1,3-dien-1,4-viene group, or a3
bis(eth-2-vljether group; alternatively, a but-1,4-vlene group, a pent-1,5-viene group, or a bis(eth-2-
vhether group; alternatively, a but-1,4-ylene group; alternatively, a pent-1,5-viene group; alternatively, a

buta-1,3-dien-1,4-vlene group; or alterpatively, a bis(eth-2-yljether group.

00132} In an cmbodiment, the N -phosphiny! guanidine compound comprising at least one N-
phosphiny! guanidine group can have Structore Gud, Gu7, Gus, Gud, Gall, Gull, Gul2, Gall, Guld,
uls, Gule, Gul7, Guld, Gui9, Gu20, Gu2l, Gu22, Gu23, Gu24, Gu2s, or Gul6; alternatively,
Structure Gub, Gu7, Gul, Gu9, Gul, Gall, Gul2, Gul3, Gul4, or Guls; alternatively, Structure Gul7,
Gulg, Gu2t, Gu22, Gu23, Gu24, or Guls; alternatively, Structure Gul9 or (Gu2(; alternatively, Structure
Gub; alternatively, Structure Gu7; altematively, Stracture Gu8; alternatively, Structure Gu9; alternatively,
Stracture Gulll; alternatively, Structore Gull; alternatively, Structure Gul2; alternatively, Stnicture
Gul3; alternatively, Structure Gul4d; alternatvely, Strocture Guil; altemnatively, Structure Gulo;
alternatively, Structure Gul7; alternatively, Structure Gul¥; alternatively, Structure Gul9; alternatively,
Structure Gu2{; alternatively, Structure GulZl; alternstively, Structure Gu22; alternatively, Structure

Gu23; alternatively, Structure Gu24; alternatively, Structure Gu235; or altematively, Structure Gu26.
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Within the N-phosphiny! guanidine compounds having Structures Gué to Gu26, R\, R™ R R, R and
R have been previously described for the N -phosphinyl guanidine compound Structures Gul-GuS. Any
aspect or embodiment of these R', R®, R™ R* RY, and R’ descriptions (general or specific) can be
utitized, without lonitation, to further describe any of the hgand Structures Gus-Gu26 in which R!, R*®
R™ R, R®, and/or R appears. Within the N -phosphiny! guanidine compound having Structures Gub-
Gu26, RY.R™ of Structures Gué, Gul0, and/or Gul2, R -R® of Structures Gu7, Gull, and/or Gul3, R\
R™ of Structures Gug, Guld, Gull, and/or Gut9, R”-R™ of Structures Gu9, Gul2, Gul3 and/or Gu20,
R¥-R* of Structures Gui4 snd/or Gulé, R¥-R” of Structure Guls, R¥-R™ of Structure Gul7, RV-R™
of Structures Guls, Gul9,Gu20, Gu2l, and/or Gu24, R¥“-R™ of Structures Gu2i and/or Gu23, R7-R*
of Structures Gu22, Gu23, and/or Gu2S, R*™R™ of Structures Gu24 and/or Gu23, and/or R™-R°® of
Structure Gu26 independently can be hydrogen or any substituent group {geueral or specific) described
herein; or alternatively, hydrogen. In an embodiment, the N -phosphinyl guanidine compound can bave
Structwre Gu L, Gu il Go [, Gu IV, Gu V, Gu VI, Go VIL Gu VI Gu IX, Gu X, Gu XI, Gu XH, Gu
XiH, Gu X1V, Gu XV, Gu XV, Gu XVIL Gu XV, Gu XIX, Gu XX, Gu XX, Gu XX, or Gu XX
alternatively, Structure Gu §, Gu H, or Gu I alternatively, Structure Gu TV or Gu V) alternatively,
Structure Gu VH, Gu VI, Gu IX, Gu X, Gu X, Gu Xi, Gu XUI, Gu X1V, or Gu XV, alternatively,
Structure Gu VIL Gu VI Gu IX, Gu X, Gu X1, or GU XX]JIL alternatively, Structure Gu XIL, Gu XU,
Gu X1V, or Gu XV; alternatively, Structore Gu XV, Gu XVIH, Gu XIX, Gu XX, Go XX, or Gu XX
afternatively, Structure Gu {; alternatively, Structure Gu 1 alternatively, Structure Gu I alternatively,
Structure Gu IV alternatively, Structure Gu V; alternatively, Structure Gu VI alternatively, Structure Gu
VILE alternatively, Structiwe Gu VIIE alterpatively, Structure Gu IX; alternatively, Structure Gu X
alternatively, Structure Gu XL alternstively, Structure Gu XL alternatively, Structure Gu XU
alternatively, Structure Guo X1V alternatively, Structure Gu XV, alternatively, Structure Gu XV

alternatively, Structure Gu XVII; alternatively, Structure Gu XVIH; alternatively, Strocture Gu XX
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alternatively, Structure Gu XX alternatively, Structure Gu XX alternatively, Structure Gu XX or

alterpatively, Structore Gu XXHL

;g:) HNQ H%} § PQ N\ /
~NH NH £ N H
Ty ATy | AN
5 Q % SUERY é\ Rer
Strocture Gu { Strocture Gu {1 Structure Gu I Structare Gu IV
Q\p Me;Si, f\{SiMﬁ‘s
I
é\,r{l\f‘ig)\: (\g/ ~N§y C&VR\P}\ <; ‘Qj
T -3 A

Strocture Gu Y Strocture Gu Vi Structure Gu VI Structure Gu VIR
Nr/\’ @ i/\ \\ // Qmu!!

l’r—' \}T,N\ \T,N\ NYN\ 7 y ;\%‘ ,E’(

L0 ' OERG ad

Stracture Gu IX Stracture Gu X Structure Gu X Structore Gu X1

Qmms «Q\'"“ | (\)P::osm,‘se 5
g&?‘ ‘P;)T,\ gﬂr\?/ P g&a Me?,s;f e

Pl
Structure Gu X1} Structure Gu X1V Structure Gu XV Structure Gu AVE

/LNH '\}/ /[\NH /LNH
F\g\ ,ﬂ
S & kg/ R

Structure Gu XVIi Structure Gu XVIH Structure Gu XIX Structure Gu XX



WO 2013/184579 PCT/US2013/043902

~
(3]

/LNH
Mo S PR
s @ [ {_J FNQ\P*’\
, A 4

Structure Gu XXI Structure Gu XXII Structure Gu XXEH

N'-Phosphinyl Guanidine Metal Salt Complexes

001331 In an aspect, this disclosure provides for a composition comprising an N’-phosphinyl
cuanidine metal salt complex; or alternatively, an N-phosphinyl guanidine metal salt complex.
Generally, the N’-phosphiny! guanidine metal salt complex can comprise a metal salt corplexed to an
N -phosphiny! guanidine compound. fo some embodiments, the N-phosphinyl guanidive metal salt
complex can further comprise a neutral ligand, Q. N'-phosphinyl guanidine compounds are generally
described hercin and can be utilized, without limitation, to further describe the N'-phosphinyl guanidine
metal salt complex comprising a metal salt complexed to an N -phosphiny] guanidine compound. In an
embodiment, a metal compound complexed to an N -phosphinyl guanidine compound (or the N-
phosphinyl guamidine roetal salt complex) can have Structure MGul, MGu2, MGu3, MGud, or MGuS;
alterpatively, Structure MGul; alternatively, Structure MGu2; alternatively, Structure MGu3;

alternatively, Structure MGud; or alternatively, Structure MGuS.
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Tn other embodiments, the metal salt complexed to an N'-phosphinyl guanidine compound (or the N°-
phospbinyl guanidine metal salt comoplex) have Structure MGud, MGu7, MGuS, MGu?, MGuif, MGultl,
MGui2, MGui3, MGul4, MGuls, MGuls, MGul7, MGuls8, MGui9, MGu20, MGu2i, MGu2Z,
MGu23, MGu24, MGu25, or MGu26; alternatively, Structure MGus, MGu7, MGu&, MGuS, MGul(,
MGull, MGul2, MGul3, MGul4, or MGuls; alternatively, Stracture MGuil7, MGul®, MGu21,
MGu22, MGu23, MGu24, or MGu25; alternatively, Structore MGul9 or MGu2{; altematively, Structure
MGus6; alternatively, Structure MGu7; altematively, Structure MGuB; alternatively, Structure MGu9;
alternatively, Structure MGul0; alternatively, Structure MGull; alternatively, Structure MGulZ;
alternatively, Structore MGul3; alternatively, Structure MGuld; alierpatively, Structure MGul5;
alternatively, Structure MGul6; alternatively, Structure MQGul7; alternatively, Structure MGuls;
alterpatively, Structure MGul9; alternatively, Structure MGu20; alternatively, Structure MGu2i;
alternatively, Structure MGu22; alternatively, Structure MGu23; alterpatively, Structure MGu24;

alternatively, Structure MGu235; or alternatively, Strocture MGu26.
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Within the N™-phosphinyl guanidine metal salt complexes having Structures MGul to MGu2s, R/, R”,
R R’, RY, and R’ have been previously described for the N'-phosphiny! guanidine compound baving
Stroctures Gui-GuS and any aspect or embodiment of these deseriptions (general or specific) can be
atilized, without limitation, to further describe any of the N-phosphiny] guanidine metal salt complex
Structures MGul-MGu26 in which R', R® R™ R®, R*, and/or R appears. Within the N -phosphiny!
guanidine compound having Structures MGu6-MGu26, RURS, RVLRT, RY.RY, RIPR®, RYR™
RULRT RMAR™, and R™-R™ have been previously described for the N'-phosphinyl guanidine
compounds having Structares Guo-Gu26 and any aspect or embodiment of these descriptions {general or
specific) can be utilized, without limitation, to further describe any of the N -phosphinyl guanidine metal
salt conplex Structures MGul-MGu26 in which R¥-R%, RTLRT, R¥PRY, RUGR™, RYR™ RV,
RYLR™ and/or R™-R™™ appears. In vet other embodiments, the N'-phosphinyl guanidine metal salt
compliexes c¢an have Structure MGu [, MGu U, MGu III, MGu IV, MGu V, MGu Vi, MGu VI, MGu
Vill, MGu IX, MGu X, MGo Xi, MGu XH, MGu XHI, MGu XIV, Gu MXV, Gu MXV], Gu MXVI, Gu
MXVIH, Gu MXIX, Gu MXX, Gu MXX]I, Gu MXXI, or Gu MXXII; alternatively, Structure MGu |
MGu H, or MGu UI; alternatively, Structure MGu IV or MGu V; alternatively, Structure MGu VI, MGu
VI, MGu IX, MGu X, MGu XL, MGu XH, MGu XIH, MGu X1V, or MGu XV alteroatively, Structure
MGe VI, MGu VHI, MGu IX, MGu X1, or MGu XXIII; alterpatively, Struchure MGu XH, MGua X1,
MGu X1V, or MGu XV, alternatively, Structure MGu [ altermatively, Structure MGu II; altermatively,
Structure MGu 1 sltematively, Structure MGu 1V alternatively, Structure MGu V) altermnatively,
Structure MGu VI alternatively, Structure MGu VI alternatively, Structure MGu VHE; altemnatively,
Structure MGu IX; alternatively, Structure MGu X alternatively, Structure MGu XI; alternatively,
Structure MGy XIE alternatively, Struchire MGu XHIE; alternatively, Stracture MGu X1V, alternatively,
Strocture MGu XV alternatively, Structure MGu XVE alternatively, Structore MGo XVH; alternatively,
Structure MGu XV alternatively, Structure MGu XIX; alternatively, Stracture MGu XX alternatively,

Structure MGu XXI; altematively, Structure MGu XXIH; or alternatively, Structure MGu XX
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Aspects and embodiments of the metal salts (M2 or MXQ,). the neutral ligand (), and the namber of
neutral ligands (q), if present, are described herein and these aspects and embodiments, can be utilized
without limitation to further describe the N -phosphiny! guanidine metal salt complexes having Structures
MGul to MGu26 and N -phosphiny! guanidine metal salt complexes having Structures MGu 1 to MGu
XVI Other metal salts (MX, or MX,Q,) complexed to any N'-phosphiny! guanidine compound {or any
N’-phosphinyl guanidine metal salt complex) can be envisioned (and are readily apparent) by showing the
figation bonds of MX, to any ligand provided herein in a manner similar to the depictions of the metal
compound, MX,, complexed to respective N -phosphinyl guanidine compound depicted hersin
Depictions of N -phosphiny! guanidine metal salt complex with general metal salts can have the structure
designation MX,GuY or MX,Gu X where M represents the metal of the metal salt (general or specific)
without any neutral Higands (which may or may not be present in the N -phosphinyl guanidine metal salt
complex), Y represents the Arabic nomeral designation of the respective N-phosphinyl guanidine
compound within this deseription, and X represents the Roman numeral designation of the respective N-
phosphinyl guanidine compound within this description. Depictions of N'-phosphinyl guanidine metal
salt complex with a specific metal salt can have the structure designation MX,GuY or MX,Gu X where
MX, is the specific metal salt without any neutral ligands (which may or may not be present in the N
phosphinyvl guanidine metal salt complex), Y represents the Arabic numeral designation of the respective
N-phosphinyl guanidine compound within this description, and X represents the Roman pumeral
designation of the respective N -phosphinyl guanidine compound within this description. Further, the
neutral ligand (if present) and mumber of nevtral ligands can be either generally provided as 3, or
specifically designated by providing a designation of the ligand(s) and the number of Ligands present. For
example for designation itlustrative purposes, general chromium salt N>-phosphinyl guanidine complexes
for the N'-phosphinyl guanidine metal salt complexes having Structures MGul to MGu26 and Structures
MGu T to MGu XVI, general chronium trichloride N’ -phosphinyl guanidine complexes for the N

phosphinyl guanidine metal salt complexes having Structures MGul to MGu26, and some specific
CrCly » THF N -phosphinyl guanidine complexes for the N-phosphinyl guanidine metal salt complexes

having Structures MGu [ to MGu XV are provided with their appropriate Structure designations.
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Metal Sals

100134} Generally, the metal salt, MXy or MX,Q,, of the N'-phosphinyl guanidine metal salt conplex
comprising a metal salt complexed to an N -phosphinyl guanidine compound can comprise a cationic
metal, M, and a monoanionie ligand, X, In some embodiments, the metal salt can further comprise a
neutral ligand which may or may not be present in the N -phosphinyl guanidine metal salt complex

. ) ) . g
corpprising a yoetal salt complexad to an N -phosphiny! guanidive compound.

{00135] Generally, the metal atom of the metal salt, MX, or MX,Q3,, can be any metal atom. In an
aspect, the metal atom of the metal salt can be a fransition metal. In an embodiment, the metal salts can
comprise a Group 3-12 metal; alternatively, a Group 4-10 metal; alternatively, a Group 6-9 metal;
afteroatively, a Group 7-8 moetal; alternatively, a Group 4 metal; alternatively, a Group 5 metal
alternatively, a Grouop 6 metal; alternatively, a Group 7 metal; alternatively, a Group 8 metal;
alternatively, a Group 9 metal; or alternatively, a Group 10 metal. In some embodiments, the metal salt
can comprise titanium, zirconnpm, hafbium, vanadiwm, niobium, tantalum, chromiym, molybdenam,
tungsten, manganese, iron, cobalt, mickel, palladium, platinum, copper, or zing; alternatively, titanium,
zirconium, hafomm, vanadium, niobum, tantalum, chromium, melybdenum, tungsten, manganese, iron,
or cobalt. In other embodiments, the metal salt can comprise titanium, zirconiom, vanadiom, chromium,
molybdenum, tungsten, iron, cobalt, nickel, palladium, or platinum; alternatively, titanium, sirconium,
vanadivm, chromium, molvbdenum, tungsten, iron, or cobalt; alternatively, chronuum, iron, cobalt, or
nickel; alternatively, chromium, iron, or cobalt; alternatively, titanium, zivcomum or  hafiiuny
aftervatively, vanadium or niobram; alternatively, chromium, molybdesum or fungsten; alternatively, ron
or cobait; or alternatively, nickel, palladium, platinum, copper, or zinc; alternatively, palladiom or
platinum; or alternatively, copper or zinc. In other embodiments, the metal salt can comprise titaniumg
alternatively, zircomium; alternatively, bhathium; alternatively, vanadonum;  alternatively, niobiomg
alternatively, tantalum; alternatively, molybdenurs; alternatively, tungsten; alterpatively, manganese;
alternatively, iron; alternatively, cobalt; alternatively, nickel; alternatively, palladiuny alternatively,
platinum; alternatively, copper; or alternatively, zinc, In an embodiment, the metal salt can comprise

chromiwm.

{00136]  Generally, the metal atom of the transition metal salt, MX, or MX,Qy, can have any positive
oxidation state avatlable to the metal atom. In an embedinent, the transition metal (general or spectfic)
can have an oxidation state of from +2 to +6; alternatively, from +2 to +4; or alternatively, from +2 to +3.
In some embodiments, the metal atom of the transition metal salt, MX, or MX,Q,, can have an oxadation

state or +1; alternatively, +2; alternatively, +3; or alternatively, +4.
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&5
1801371 The anion X, of the transition metal salt can be any moncanion. In an embodiment, the
monoanion, X, can be a halide, a carboxylate, & -diketonate, a hydrocarboxide, a nitrate, or a chiorate.
In some ecwmbodiments, the monoanion, X, can be a hshde, a carboxylate, a P-dikctonate, or a
hydrocarboxide. In any aspect or embodiment, the hydrocarboxide can be an alkoxide, an aryloxide, or
an aralkoxide. Generally, hydrocarboxide (and subdivisions of hydrocarboxide) are the anion analogues
of the hydrocarboxy group. 1o other embodiments, the onoanion, X, can be a halide, a carboxylate, a §-
diketonate, or an alkoxide; or alterpatively, a halide or a B-diketonate. In other embeodiments, the
monoanion X can be a halide; alternatively, a carboxylate; alternatively, a B-dikctonate; alternatively, a
hydrocarboxide; aliernatively, an alkoxide; or alterpatively, an aryloxide. Generally, the nomber, p, of
monoanions, X, can cqual the oxidation state of the metal atom.  In an embodiment, the number, p, of
monoanions, X, can be from 2 to 6; alternatively, from 2 to 4; alternatively, from 2 to 3; altematively, 1

alternatively, 2; alternatively, 3; or alternatively, 4.

J

180138] Generally, cach halide moncanion independently can be fluorine, chlorine, broming, or ioding;
or alternatively, chloring, bromine, or 1odime. In an embodiment, cach halide monocanion can be chlorine;

afteroatively, bromine; or alternatively, wodine,

(801391 Generally, the carboxylate, §-diketonate, or hydrocarboxide (inclusive of aikoxide, aryloxide,
or aralkoxide) can be any C) to Cy carboxylate, B-diketonate, or hydrocarboxide (inclusive of alkoxide,
arvioxide or aralkoxide); or alternatively, any C) to ;o carboxylate, B-diketonate, or hydrocarboxide
(inclusive of alkoxide, arvioxide, or aralkoxade). In some embodiments, the amon, X, can be a C; to Cyy
carboxylate; alternatively, a C; to C, carboxylate; alteroatively, a C, to Gy, B-diketonate; alternatively, a
C| to Ty B-diketonate; siternatively, a (; to (C, hydrocarboxide; alternatively, a C; to Cy
hydrocarboxide; alternatively, a C) to Cy alkoxide; alternatively, a C, to Cp alkoxide; alterpatively, a Cq

to Cy aryvioxide; or alternatively, a Cg to Cjp arvioxide.

{80140] Tn an aspect, each carboxylate monoanion independently can be acetate, a propionate, a
butyrate, a pentanoate, a hexanoate, a heptanoate, an octancate, a nonanoate, a decanoate, an undecanoate,
a dodecanoate, a tridecanocate, a tctradecanoate, a pentadecanoate, a hexadecanoate, a heptadecanoate, or
an octadecancate; or alierpatively, a pentancate, a hexanoate, a heptanoate, a octanoate, & nonanoate, a
decanoate, a undecanoate, or a dodecanoate.  In an cmbodiment, cach carboxviate monosnion
tndependently can be acetate, propionate, n-butyrate, valerate {(n-pentanoate), neo-pentancate, capronate
{n-hexanoate), n-heptanoate, caprylate (n-octanoate), 2-cthylhexancate, n-sonapoate, caprate (n-
decanoate), n-undecanoate, laurate (n-dodecanoate), or stearate (n-octadecanoate); alterpatively, valerate

{n-pentangate), neo-pentancate, capronate {(n-hoxancate), n-heptancate, caprylate (n-octanoate), 2-
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cthythexanoate, n-nonanocate, caprate {(n-decancaie), n-undecanoate, or laurate (n-dodecanoate);
alterpatively, capronate (n-hexancate); alterpatively, n-heptanoate; alternatively, caprylate (n-octanoate;
or alternatively, 2-ethyihexancate. In some embodiments, the carboxylate anion can be triflate

{trifluoroacetate).

[801411  In an aspect, cach f-diketonate mdependently can be acetylacetonate (alternatively 2,4-
pentanedionate), hexafluoroacetylacetone (alternatively, 1,1,1,5,5,5-hexafluoro-2,4-pentancdiuonate, or
benzoylacetonate); alternatively, acetyiacetonate; alternatively, hexafluorcacetylacetone; or alternatively,
benzoylacetonate. In an aspect, each alkoxide monoanion independently can be methoxide, ethoxide, a
propoxide, or a butoxide. In an embodiment, each alkoxide moncanion independently can be methoxide,
ethoxide, isopropoxide, or tert-butoxide; alternatively, methoxide; alternatively, an ethoxide;
afteroatively, an iso-propoxide; or alternatively, a fert-butoxide. In an aspect, the aryloxide can be

phenoxide.

Neutral Ligand

00142]  Gonerally, the neutral figand, Q, of the transition metal salt or the N'-phosphinyl guanidine
metal salt complex comprising a transition metal salt complexed to an N'-phosphinyl guanidine
compound, if present, independently can be any neutral ligand that forms an isolatable compound with the
metal salt or N'-phosphiny! guanidine metal salt complex comprising a transition metal salt complexed to
an N -phosphinyt guanidine compound. Tn an aspect, each neutral ligand independently can be a nitrile or
an ether. Inan embodiment, the neutral ligand can be a nitrile; or alternatively, an ether. The number of
neutral ligands, g, of the metal salt or N*-phosphinyl guanidine metal salt complex comprising a transition
metal salt complexed to an N-phosphinyl guanidine compound can be any number that forms an
isolatable compound with the metal salt or N-phosphiny! goanidine metal salt complex comprising a
transition metal salt complexed to an N -phosphiny! guanidine compound. In an aspect, the number of
neutral Hgands can be from 0 to 6; alternatively, 0 to 3; alternatively, O; alternatively, 1; alternatively, Z;
alternatively, 3; or alternatively, 4. It should be noted that the neutral Hgand of the N -phosphinyl
guaniding metal salt complex comprising a transition metal salt complexed to an N -phosphinyl guanidine
corppound does not have to be the same, if present, as the neutral ligand of the transition metal salt used
to form the N -phosphinyl guanidine metal salt complex. Additionally, a metal salt not having a neutral
ligand can be utilized to prepare an N'-phosphiny! guanidine metal salt complex comprising a transition

metal salt complexed to an N -phosphinyl guanidine compound having a neutral ligand.

180143]  Generally, each neutral nitrile ligand independently can be a C to Ty nitrile; or alternatively,

a G, to Cyg nitrile. In an embodiment, cach neutral nitrile ligand independently can be a C,-Cy aliphatic
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nitrile, a C7-Cyp aromatic nitrde, a Cy-Cop aralkane nitrde, or any combination thereof; slternatively, a Cy-
Cyo aliphatic nitrile; alternatively, a C7-Cyp aromatic nitcile; or alternatively, a (s-Cyp aralkane nitrile. In
some embodiments, cach neutral nitrile bgand independently can be 8 Cp-Cyp aliphatic mirile, a Cr-Cy
aronatic mitrile, a Ce-Cyo aralkane nitrile, or any combination thereof, alternatively, a C-Cy, aliphatic

nitrile; alternatively, a C;-C o aromatic nitrile; or altematively, a Cp-Cy aratkane nitrile.

100144} In an cobodiment, cach aliphatic mitrile independently can be acctouitrile, propionitrile, a
butyrontirile, or any combination thercof; alternatively, acetonitrile; alternatively, propiontrile;
alternatively, or a butyronitrile.  In an embodiment, each aromafic mitrile independently can be
benzongtrile, Z-methylbenyonitrile, 3-methylbenzonitrile, 4-methyibenzonitrile, 2-cthvibenzomirile, 3-
ethylbenzoourile, 4-cthylbenzonitrile, o©r any combination thereof, altematively, benzonitrile;
afteroatively,  2-methylbenzonitride;  alternatively,  3-methyibeozoouride;  alternatively,  4-
methylbenzonitrile; alternatively, Z-ethytbenzonttrile; alternatively, 3-ethylbenvonitrile; or alternatively,

4-gthyibenzonitrile.

1801458]  Generally, cach neutral ether ligand independently can be a C, 1o Cy cther; alternatively, a G,
to Cyq ether; or alternatively, a C; to Cop cther. In an embodiment, neutral ligand independently canbe a
(- to Cy aliphatic acyclic ether, a Cs to Cy aliphatic cyclic ether, a €y to Ty avomatic cyclic ether, or a
Cy; to Uy diaryl ether; alternatively, a C, to Cyp aliphatic acyclic ether or a C; to Uy aliphatic cyclic ether;
alternatively, a C; to Cy aliphatic acyclic ether; alternatively, a Gy to Cye aliphatic cyclie ether;
alternatively, a 4 to Cyo aromatic cyclic cther; or alternatively, a Cpp to Cy diaryl ether. In some
embodiments, each neutral ether ligand independently can be a C; to Cyy aliphatic acyclic ether, a C o
(5o aliphatic cyclic ether, a €4 to Cyg aromatic cyclic ether, or a Ty, to Csp diaryl ether; alternatively, a €,
to Cso aliphatic acyche ether or a C; to Gy aliphatic cyclic ether; alternatively, a C; to Cy aliphatic
acyclic ether; alternatively, a C; to Cyq aliphatic ovclic ether; alternatively, a C, to Csp aromatic cyclic
ether; or alternatively, a Cp to Cse diaryl ether.  In other embodiments, cach neutral ether ligand
independently can be a C, to Ty shiphatic acyclic ether, a C; to Cy aliphatic cyclic ether, a Ty to Cyg
aromatic cyclic ether, or a Cy, to Ty diaryl ether; altematively, a C; to Cy aliphatic acyelic ether or a G
to Cy aliphatic cyclic ether; alternatively, a O, to Cy aliphatic acyclic ether; alternatively, a G to Cy
aliphatic cyclic ether; alternatively, a €, 10 (g aromatic cyclic ether; or altematively, a C to Cy diaryl
ether,

[803146] v an embodiment, the aliphatic acyclic ether can be dimethyi ather, diethyl ether, a dipropyl

cther, a dibutyl ether, methyl ethyl ether, a methyl propyl ether, a methyl butyl ether, or any combination

thereof. In some embodiments, the aliphatic acyclic ether can be dimethyl ether; alternatively, diethyl
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ether; alternatively, a dipropyl ether; alternatively, a dibutyl ether; altersatively, methyl ethyl ether;

alternatively, a methyl propyl ether; or alternatively, a methyl butyl ether.

{00147 In an cmbodiment, the aliphatic cyclic ether can be tewshydrofuran, a sobstituted
tetrahydrofuran, a dibydrofuran, a substitited dibydrofuran, 1,3-dioxolane, a substituted 1,3-dioxolane,
tetrahyydropyran, a substituted tetrahydropyran, a dibydropyran, a substituied dihwdropyran, pyrao, a
substituted pyran, a dioxane, or a substituted dicxane; alternatively, tetrabydrofuoran or a substituted
tetrahydrofuran; alternatively, a dihydrofiwan or a substituted dibydrofuran; alternatively, 1,3-dioxolane
or a substituted 13-dioxolane; alternatively, tetrahydropyran or a substituted tetrahydropyran;
alternatively, a diloydropyran or a substituted dihydropyran; alternatively, pyran or a substitated pyran; or
ahternatively, a dioxane or a substituted dioxane. In some embodiments, the aliphatic cyvelic ether can be
tetrahydrofuran, tetrabydropyran, or dioxane, or any combination thereof, altematively, tetrahvdrofuran;
alternatively tetrabydropyran; or alterpatively, dioxane.  Substituents {(general and specific) are
independently disclosed herein and can be otibized without limitation to further describe a sabatituted
tetrahydrofuran, a substituted dihydrofuran, a substituted 1,3-dioxolane, a substituted tetrahydropyran, a
substituted dihyvdropyran, a substituted pyran, or a substituted dioxane which can be utilized as the neutral

ligand.

{00148] In an embodiment, the aromatic cyclic ether can be furan, a substituted furan, benzofuran, a
substituted  benzofuran, isobenrzofuran, a substiuted sobenzofuran, dibenzofuran, a8 substituted
dibenzofuran, or any combination thereof, alternatively, furan or a substituted furan; alternatively,
benzofuran or a substituted benzofuran; alternatively, isobenzofuran or a substituted isohenzofuran; or
alternatively, a dibenzofiran or a substituted dibenzofiran. In some embodiments, the aromatic cyclic
cther can be furan, benzofuran, iscbenzofiran, dibenzofuran, or any combination thereot, alternatively,
furan; alternatively, benzofuran; alternatively, isobenzofuran; or alternatively, dibenzotfuran. Substituents
{general and specific) are mdependently disclosed herein and cap be utilized without lunitation to further
describe a substituted furan, a substituted benzofuran, a substibwted isobenzofuran, or & substituted

dibenrofuran which can be otilized as the neutral ligand.

{80149 In an embodiment, the diaryl ether can be diphenyl ether, a substitated diphenyi ether, ditolyt
ether, a substituted ditolyl other, or any combination thereof; alternatively, diphenyl ether or a substituted
diphenyt ether; or alternatively, ditolyl ether or a substitated ditolyl ether. In some emboduments, the
diaryl ether can be diphenyl ether or ditolyl ecther; alternatively, diphenyl ether; or ditolyl ether.

Substituents {general and specific) are independently disclosed herein and can be utilized without
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frmtation to further describe a substituted dipheuy! sther or a substituted ditolyl ether which can be

utilized as the neutral ligand.

{00150f The features of the transition metal salts have been independently described hercin and can be
utilized in any combination to describe the transition metal salt of the N'-phosphinyl guanidine metal salt

complex comprising a transition metal salt complexed to an N -phosphinyl guanidine compound.

[80151] 1o a son-limiting embodiment, the transition metal salts can be, comprise, or consist
essentially of, a clhromivm(ll) halide, a clronuwuwm(HI} halide, 3 chromioml) carboxylate, a
chromium(HI) carboxylate, a chromium(Ily B-diketonate, a chromaum{Ill) B-diketonate, a chrompam{lh
halide (THF) complex, a chromium(Il) halide {THF) complex, an iron{{l) halide, an won{(lI1) halide, an
won{ll) carboxviate, an won(lll) carboxylate, an iron(ll) B-diketonate, an iron(ll} B-diketonate, a
cobalt(Il) halide, a cobalt{1li} halide, a cobalt{ll) carboxylate, a cobalt{Ill) carboxylate, a cobalt(Il}
B-diketonate, a cobali(ll} B-diketonate, a nickel(Il} halide, a nickel(ll) carboxylate, a nickel(ll)
B-diketonate, a palladiom{Il} halide, a palladiomIl} carboxylate, a palladium{Il} (-diketonate, a
platimum(Il) halide, a platimum(1V) halide, a platimum(Il) carboxylate, or a platinum(IV) carboxylate. In
some pon-timiting ervbodiments, the transition metal salt can be, comprise, or consist essentially of, a
chromium(Il} halide, a chromium(l} halide, a chromium (H) carboxylate, a chromium(ill) carboxylate, a
chromiten{Il} P-diketonate, a chromium(Ill) B-diketonate, a chromium(ll} halide (THF) complex, or a
chromium(ll) halide (THF) complex; altematively, an ron{lf) halide, an wron(ll) halide, an won(Ih)
carboxylate, an won{IIl} carboxylate, an won(ll) B-diketonate, or an iron(Hl) B-diketonate; alternatively, a
cobalt(1)y hahide, a cobalt(lll} halide, a cobaltll} carboxvlate, a cobalt(ll) carboxvlate, a cobalt(1h)
B-diketonate, or a cobalt(lil) B-diketonate; alternatively, a nickel(d}) halide, a nickel(I]} carboxylate, or a
nickel(1l) P-diketonate; alternatively, a palladim{ll) halide, a palladiom{ll} carboxylate, or a
palladiem(Il) B-diketonate; or alternatively, a platinam{Il) halide, a platinam(IV) hahde, a platinom(Il}
carboxylate, or a platinun(IV) carboxvlate. In some embodiments, the transition metal salt can be,
comprise, or consist essentially of, a chromium(HI) halide, a chromium{Ill) carboxylate, a chromium{HI}
B-diketonate, a chrommum(ill} halide (THF) couplex; alternatively, an won(lil} halide, an irondIi)
carboxylate, or an won{lll) B-diketonate; or aliernatively, a cobalt(HIl) halide, a cobali{ll} carboxylate, or
a cobalt(Ill} P-diketonate. In other embodiments, the transition metal salt can be, comprise, or consist
essentially of, a chromiuny(Il) halide; alternatively, a chromium(HT) halide; alternatively, a chronum (I
carboxylate; alternatively, a chromiumIll} carboxylate; alternatively, a chromivm(ll) P-diketonate;
alternatively, a chromium(li} p-diketonate; slternatively, a clwomium{il} halide (THF) complex;
alternatively, a chromium{Il) halide (THF) complex; alternatively, an wwon(ll} halide; alternatively, an

won(H) halide; alternatively, an won(Il) carboxylate; alternatively, an won{1ll) carboxylate; alternatively,
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an iron{ll} B-dikctonate; alternatively, an iron(Ill) B-dikctonate; alternatively, a cobalt(l} halide;
alternatively, a cobali(Til) halide; alternatively, a cobalt{(ll} carboxylatie; alternatively, a cobalt{iil}
carboxylate; alternatively, a cobalt(ID B-biketonate; alternatively, a cobalt(1l) B-dikctonate; alternatively,
a nickei(ll) halide; alternatively, a nickel(ll} carboxvlate; alternatively, a nickel(Il) B-diketonate;
afternatively, a palladiom{li) halide; alternanvely, a palladivm(Il) carboxylate; alternatively, a
palladivm(ll) B-diketonate; altematively, a platmum(l{) halide; alterpatively, a platicum{IV) halide;

alternatively, a platinum{II} carboxylate; or alterpatively, a platinum(IV) carboxylate.

{80152 In some son-limiting cmbodiments, the transition metal salt can be, comprise, ot consist
gssentially of, chromium(ll) chloride, chromuum(l) chlonde, chromuum(dl) thioride, chromuum(liD
fluoride, chromiuonylh brooude, chromiundH}y bromude, chronvum{ll) iodide, chrommm(iil) iodide,
chromium({tl) chloride (THF) complex, chrommm(Il} acctate, chromium(ill) acetate, chromuum(ll) 2-
gthylhexanoate, chromiom(il) 2-cthylhexancate, chromium(ll} miflate, chromioolily nflate,
chromim{Ill)  mitrate, chromium(3}y  acetylacetonate, chromuomll}  hexafluoracetyviacetonate,
chromium() benroviacetonate, irondll) chlonde, won(Ilh) chlonde, won(fl) fluoride, won(lil) fluoride,
tron(ll} brovude, won{lly bromide, tron(ll) todide, on(HI}y iodide, iron{Il} acetate, won(lil) acctate,
iron{ll) acectylacctonate, wron{lll) acetylacctonate, won(ll) 2-cthylhexanoate, won(ill} 2-cthylhexanoate,
won(H} tniflate, won{lI} triflate, won(HI} mitrate, cobalt(dly chloride, cobalt(lily chloride, cobal(ih
fluoride, cobalt(HD) fluonide, cobalt(ll} bromide, cobalt(FHI) bromide, cobalt(TT) 1odide, cobalt(Ti} odide,
cobalt(1D) acetate, cobalt(lH) acetate, cobalt(I} acetylacetonate, cobalt(Iil) acetylacetonate, cobali(ll) 2-
cthythexanoate, cobalt(Illy 2-cthylhexanoate, cobalt(ll}y triflate, cobalt(lil} triffate, cobale(Ul) uitrate,
nickel(1) chloride, nickel(il) fluoride, nickel{l) bromide, nickel(1l) todide, nickel(li) acctate, nickel(il) 2-
gthyvlhexanoate, wickel(Il} triflate, nickeldl) wmtrate, nickeIl)  acetvlacctonate, mckelID
benzoviacetonate, mickel(lD) hexafluoracetvlacetonate, palladium(ll} chloride, palladiuom(ll) fluoride,
palladiom(ll) bromude, palladium(ll) iodide, palladmum(ll} acctate, palladim(ll} acctylacctonate,
palladim(ll) nitrate, platinum(Il) chloride, platiounll) bromide, plationm(ll) iodide, or platinunyIV)
chloride. In other embodiments, the transition metal salt can be, comprise, or consist cssentially of,
chrommum1l} chloride, chromoum(Il) chloride, chrompom{Il) fluoride, chromomdIiy fluonde,
chromium({ff} bromide, chromaum(lfl) bromide, chromium(lf) iodide, chromivm{IlD) odide,
chromium(tl) chloride (THF) complex, chrommm(Il} acctate, chromium(ill) acetate, chromuum(ll) 2-
cthythexanoate, chromnum(lil} 2-cthythexancate chromiunil) triflate, chromium(Il) trflate,
chromium{Ill) wmitrate, chromium{lily acetylacctonate, chromium{lll}) hexatluoracetylacetonate, or
chromium(HI) benroylacetonate; alternatively, won(lly chlonide, won(Ily chlonde, won(ll} fluonde,

ron{Hl) fluonde, wwon(l) browude, won(lD brovude, won(ll) 1odide, won({l) wodide, won{ll) acetate,
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tron(H1) acctate, iron(Il} acetvlacctonate, won({IH) acetylacetonate, iron{ll) 2-cthylhexanoate, won{lll) 2-
cthythexancate, wwon(ll) triflate, iron(lil} triflate, or wron(lH) nitrate; alternatively, cobalt{Il} chloride,
cobalt(IlT} chioride, cobalt{Il} floonde, cobalt(ID} fluoride, cobalt(Il) bromude, cobalt(I} bromude,
cobalt(1l) 1odide, cobalt(lil) todide, cobalt(Il) acctate, cobalt(Ill) acetate, cobalt(Il} acetylacctonate,
cobalt(1lT) acctylacetonate, cobalt(Il) 2-cthythexanoate, cobali(Ill) 2-cthylhexancate, cobalt(lly trnitlate,
cobalt(I1) triflate, or cobalt(1ll) nitrate; alternatively, nickel(Il) chioride, nickel(ll) fluoride, nickel(I)
bromide, nickel(ID iodide, nickel(ll) acetate, nickel{il) 2-cthyihexanocate, nickel{ll} triflate, nickel(1l)
nitrate, nickel(Il) acctylacetonate, mckel(ll} benzoylacetonate, or nickel{Il) hexafluoracetylacetonate;
alterpatively, paltadium(lly chloride, palladivm(tl) fluonde, palladiomIl} bromide, palladium(H} 1odide,
palladiuim(ll) acetate, palladiom(1l} acetylacetonate, or palladivm(ll) nitrate; or alternatively, platmuom(il)
chloride, platinum(il) bromide, platinunyil) iodide, or platinum(IV) chioride. In vet other embodiments,
the transition metal salt can be, comprise, or consist essentially of, chromium(Hi} chloride, chromum{{i)
fluonde, chromipm(Hy bromide, chromuum{l) i1odide, chromum(Ily chloride (THEF) complex,
chrompum(ll) acctate, chrommm(llD)y 2-cthvlhexancate, chronuom(i) triflate, chromium{liD nitrate,
chrovuum(lll)  acctylacctonate, chromiumIll)  hexafluoracetylacctonate, or  chromuum(Li)
henzoylacetonate; or alternatively, iron(Ih) chioride, rron(HI) fluoride, won{Hl) bromide, iwon{IIl} 1odide,
iron(1il) acctate, iron(HI} acetylacctonate, iron{lll) 2Z-cthythexanoate, ron{Ill) triflate, or tronIil) nitrate.
In further embodiments, the transition metal salt can be chromium(HI} chloride, chromom{IH} chioride
{THF)} complex, or chromiumdlil) acetylacctonate; or alternatively, ron(lily chiloride, or won{HD)

acetylacetonate.

801531 & some non-limiting embodiments, the transition metal salts can be, comprise, or consist
gssentially of, chrompum(Ily chloride; alternatively, chrommum(IH} chlonde; alternatively, chromiam{I
flvoride; alternatively, chromium(1l) floonde; alternatively, chronnom(ll) bronude; alternatively,
chromum(lll) bromide; altematively, chromium(ll} iodide; alternatively, chromuum(ll) iodide;
alternatively, chromuum(ill) chionde (THF} complex; alternatively, chromuum(ll) acetate; alicrnatively,
chromivm(ll) acetate; alternatively, chroounmyll} 2-cthylhexanocate; alternatively, chrommum{lil) 2-
gthylhexanoate; alternatively, chromiunyIl) triflate; alternatively, chromund il tnflate; alternatively,
chromium(ll) nitrate; alterpatively, chronuam{lD)  acetylacctonate;  alternatively, chrommum(IH)
bexafluoracstylacetonate; alternatively, chromiuwrn(lil} benzovlacetonate; alternatively, iron(lh) chloride;
alternatively, iron(fl}y chloride; altermatively, won{lly fluoride; alternatively, iron(HDy fluoride;
alternatively, won(fl) bromude; alternatively, won{ll) bromude; alternatively, won{fl} 1odide; alternatively,
won(ll) iodide; alternatively, won(fly acetate; alternatively, won(HD acetate; alternatively, iron(ih)

acetylacetonate;  alternatively, iron(lll) acetylacetonate; alternatively, won{ll) Z-ethylhexanocate;



WO 2013/184579 PCT/US2013/043902

G2

alternatively, won{lll) 2-cthylthexanoate; alternatively, won(ll) triflate; alternatively, won(HD) trflate;
alternatively, mon{lll} nitrate; aliernatively, cobalt{Il} chloride; alternatively, cobalt{Hl} chloride;
alternatively, cobalt{Il) fhioride; alternatively, cobalt(Ill) fhioride; alternatively, cobalt(I} bromide;
alternatively, cobalt(Ill) bromude; alternatively, cobalt(Il) iodide; alternatively, cobalt(ll) todide;
alternatively, cobalt(Il) acetate; alternatively, cobalt(Iil) acetate; alternatively, cobalt(ll} acetylacetonate;
alternatively, cobalt(flly acetvlacetonate; alternatively, cobal{lly Z-cthylhexancate; alternatively,
cobalt(lll} Z-cthyihexancate; alternatively, cobalt(ll} triflate; alternatively, cobalt(il) wiflate;
alternatively, cobalt(lll} nitrate; alternatively, mickel{IDy chionde; alternatively, mickel(H} tluoride;
alernatively, nickel{Il} bromude; shternatively, nickellly iodide; alternatively, nickel(H} acetate;
alternatively, nickel(1D) 2-cthylthexanoate; alternatively, nickel(Il) miflate; alternatively, nickel(tl} mitrate;
alternatively, nickel(ll) acetylacetonate; alternatively, nickel(Il} benzoylacetonate; alternatively, nickel(I}
hexattuoracetyiacetonate; alternatively, palladium(H) chloride; alternatively, palladium(ll) fluonde;
alternatively, palladivm(ll) bromude; slternatively, palladionIl) iodide; alternatively, palladiom{ID
acetate; alternatively, palladium{ll} acetylacetonate; alternatively, palladium{ll) nitrate; alternatively,
platioum{ll) chloride; alternatively, plativon{ll) bromide; alternatively, platinum(Il} iodide; or

alternatively, platiouny(lV} chloride.

100154} It should be appreciated, that a given N -phosphinyl guanidine metal salt complex can bave
one or more neutral ligands even when the metal salt utilized to produce the N-phosphinyl guanidine
metal salt complex did not have any ncutral ligands.  Additionally, a given N’-phosphinyl guanidine
metal salt complex can have more noutral ligands than present in the mctal salt utilized to produce the N*-

phosphinyl guanidine metal salt complex.

Preparation of N'-Phosphiny! Guanidine Metal Salt Complexes

[00155]  Tn an aspect, this disclosure relates to a process of preparing an N -phosphinyl guanidine metal
salt complex. Generally, the process of preparing the N -phosphiny] guanidine metal salt complex can
comprise: a) contacting a metal salt with an N™-phosphiny! guanidine compound; and b) forming the N
phosphinyl guanidine metal salt complex. Generally, the N’-phosphinyl goanidine metal salt complex
can be formed under conditions capable of forming an N -phosphiny! guaniding metal salt complex. In
some embodiments, the N -phosphinyl guanidine metal salt complex can be isclated; alternatively

purifiad; or alternatively, isolated and purified.

100156] N -phosphinyl guanidine compounds are disclosed herein and can be utilized without

limitation to further describe the process of preparing an N -phosphiny! guanidine meotal salt complex.



WO 2013/184579 PCT/US2013/043902

Q93

Metal salts are disclosed herein and can be utilized without Limwtation to further describe the process of

reparing an N°-phosphiny] cuanidine metal salt complex.
Preg 4 PROSpRINY: g Iy

{00157} Generally, the metal salt and the N'-phosphinyl guanidine compound can be contacted at a
metal salt to N -phosphinyl guanidine compound equivalent ratio of at least 0.9:1. In some embodiments,
the metal salt and the N’-phosphinyt guanidine compound can be contacted at a meotal salt to N'-
phosphinyl guanmidine compound equivalent ratio of at least (.95:1; alternatively, of at least 0.975:1; or
alternatively, of at least 0.99:1. In some embodiments, the metal salt and the N -phosphiny! guanidine
compound can be contacted at a metal salt to N -phosphinyl goanidine compound equivalent ratio ranging
from 0.9:1 to 1.25:1; alternauvely, ranging from 0.95:1 to 1.20:1; alternatively, ranging from 0.975:1 to
1.15:1; or alternatively, ranging from 0.99:1 to 1.10:1. In other embodiments, the metal salt and the N
phosphinyl suanidine compound can be contacted at a motal salt to N -phosphiny! guanidine compound

squivalent ratio of about 1:1.

(00188} Conditions capable of forming an N -phosphinyl guanidine metal salt complex can comprise a
contact temperature; alterpatively, a contact tune; or alternatively, a contact temperature and a contact
time. In an embodiment, the contact temperature for forming an N'-phosphiny! guanidine metal salt
complex can include a contact temperature of at least 0 °C; alternatively, of at least 5 °C; alternatively, of
at least 10 °C; or alternatively, of at least 15°C. In some embodiments, the contact temperatore for
forming the N -phosphiny! guanidine metal salt complex can include a contact tomperature ranging from
0 °C 1o 60 °C; alternatively, ranging from 5 °C to 50 °C; altemnatively, ranging from 10 °C t0 45 °C; or
alternatively, ranging from 15 °C 1o 40°C. Tn an embodiment, the contact time for forming the N-
phosphinyl guanidine metal salt complex can nclude a contact time of at least 15 minutes; alternatively,
of at least 30 munuics; alternatively, of at least 43 minutes; or alternatively, of at least T hour. In some
embodiments, the contact time for forming the N -phosphiny! guanidine metal salt complex can include a
contact time rangiog from 15 ounwes to 36 hours; alternatively, ranging from 30 mivutes to 30 hours;

alternatively, rapging from 45 minutes to 24 hours; or alternatively, ranging from | hour to 18 hows.

{60159}  In an embodiment, the metal salt and the N -phosphiny! guanidine compound can be contacted
in a solvent. In some embodiments, the metal salt and the N-phosphinyl guanidine compound can be
contacted 1 a polar solvent. Tn some ombodiments, the solvent 18 the same as the neutral ligand, Q, of the
N’-phosphinyl guanidine metal salt complex. Solvents {general and specific) and neutral ligands (general
and spectfic) are generally disclosed herein and can be utilized, without limitation, to further describe the

srocess of preparing the N -phosphinyl cuanidine metal salt complex.
¥ prepanng phospiinyt g P
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00160}  In an embodiment, the N'-phosphinyl suamidine metal salt complex can be utilized without
further isolation or purification. In some embodiments, the N -phosphinyl guanidine metal salt complex
can be isolated; alternatively, purified; or alternatively, isclated and purificd. In an embodiment, wherein
the N-phosphinyl guanidine metal salt complex is prepared in a solvent, the process to prepare the N*-
phosphinyl suanidine metal salt complex can include a step of isolating the N-phosphinyl suanidine
metal salt complex by evaporating the solvent. In an embodiment wherein the N -phosphinyl gnanidine
metal salt complex is prepared in a solvent, the process to prepare the N -phosphinyl guanidine metal salt
complex can include the step of isolating the N'-phosphinyl guanidine metal salt complex by filtering the
solation to remove particulate materials and/or byproducts of the reaction and evaporating the solvent. In
embodiments, the process to prepare the No-phosphinyl goanidine metal salt complex can include a
purification step wherein the N'-phosphiny! guanidine compound is purified by dissolving the N*-
phosphinyl guanidine metal salt compicx in a solvent and filtering the solution to remove particulate
materials and/or byproducts of the reaction. The solvent atilized to purify the N’ -phosphinyl guanidine
metal salt complex can be the same solvent utilized to form the N'-phosphinyl guanidine metal salt
complex or it can be different than the solvent utilized to form the N -phosphinyl guanidine metal salt
complex. In some embodiments, the process of preparing the N'-phosphinyl guanidine metal salt
complex can inchide a purification step of isolating the N’-phosphinyl guanidine metal salt complex by
washing the N>-phosphinyl guanidine metal salt complex with a solvent. In other embodiments, the
process of preparing the N -phosphiny! guanidine metal salt complex can inchude a purification step of

recrystallizing the N -phosphinyl guanidine metal salt complex.

{80161} Generally, the evaporation of the solvent can be performed using any suitable moethod. In
some embodiments, the solvent can be evaporated at ambient temperature (15 °C to 35 °C - no applied
external heat source). In other embodiments, the solvent can be evaporated with gentle heating (e.g., at a
temperature ranging from 25 °C to 50 °C). In further crobodiments, the solvent can be evaporated at
ambient temperature under reduced pressure. In yet other embodiuments, the solvent can be evaporated

with gentle heating under reduced pressure.

Catalyst Systems

{60162] Tn an aspect, the present disclosure relates to catalyst systems (or catalyst system
compositions) comprising an N'-phosphinyl euanidine compound and a metal salt; alternatively, an N'-
phosphinyl guanidine metal salt complex. In an embodiment, the catalyst system {or catalyst systerm
composition) can comprise, or consist essentially of, an N -phosphinyl guanidine metal salt complex and

a metal alkyl compound; or alternatively, an N -phosphinyl guamdine metal salt complex and an
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aluminoxane. In another aspect, the catalyst systenm {or catalyst system composition} can comprise, of
consist essentially of, an N -phosphinyl guanidine compound, a metal salt, and a metal alkyl compound;
or alternatively, an N -phosphiny] guanidine compound, a metal salt, and an aluminoxane. N™-phosphinyt
auanidine metal salt comploxes, metal salts, N'-phosphinyl guanidine compounds, metal alkyl
cormpounds, and aluminoxanes which can be uvtilized in varicus aspects and/or embodiments of the
catalyst systeros (or catalyst system corpositions) are independently described herein and can be utilized

in any combination and without limitation to describe various catalyst systems of this disclosure.

Metal Alkyl

{80163 Generally, the metat alkyl compound which can be utilized in the catalyst system of this
disclosure can be any heteroleptic or homwoleptic metal alkyl compound. In an embodiment, the metal
afkyl compound can comprise, cousist essentially of, or consist of, a non-balide metal alkyl compound, a
metal alkyl halide compound, or any combination thereof; alternatively a non-halide metal alkyt

compound; or alternatively, a metal alkyl halide compound.

1801641 Tn an embodiment, the metal of the metal alky! compound can conprise, consist essentially of,
or consist of, a group 1, 2, 11, 12, 13, or 14 metal; or alternatively a group 13 or 14 metal; or
alternatively, a group 13 metal. In some embodiments, the metal of the metal alkyl compound (non-
halide metal alkyl compound or metal alkyl hahide compound) can be lithium, sodium, potassium,
rubidium, cesium, beryilivm, magnesium, calcium, strontium, barium, zing, cadnium, boron, alummum,
or tn; alternatively, hithium, sodism, potassiom, magnesium, caleinm, zine, boron, aluminum, or ting
alternatively, lithrom, sodium, or potassiumy akternatively maguesium, calcium; altemnatively, lithium;
alternatively, sodium; alternatively, potassiumy alternatively, magnestum; alternatively, calciuny
alternatively, zmnc; altematively, boron; slternatively, aluwmnum; or alternatively, tin.  In some
embodiments, the metal alkyl compound (nonchalide metal alkyl compound or metal alkyl halide
compound) can comprise, consist essentially of, or consist of, a lithiurn alkyl compound, a sodmm alkyl
compound, a magnestun atkyl compound, a boron alkyl compound, a zinc alkyl compound, or an
aluminum alkyl compound. In some embodiments, the metal alkyl compound {non-halide metal atkyl
compound or metal alkyl halide compound) can comprise, consist essentially of, or consist of, an

alununurm alkyl compound.

001651  In an embodiment, the aluminum alkyl compound can be a trialkylalumioum compound, an
atkylaliminoem halide compound, an alkylahuminum stkoxide compound, an alominoxane, or any
combination thereof. In some embodiments, the aluminam alkyl compound can be a trialkylaluminum

compound, an alkylalumunum halide compound, an alununoxane, or any combination thereof, or
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alternatively, a tristkylaluminuam compound, an aluminoxane, or any combination thereof. In other
embodiments, the alumiowm alkyl compound can be a tnalkylaluminum compound; alterpatively, an
atkylahiminom halide compound; alternatively, an alkylaluminum alkoxide compound; or alternatively,

an aluminoxane.

[80166]1 In a non-limiting embodiment, the aluminoxane can have a repeating unit depicted as Formula

I

‘{?E"O—)‘; Forroula |

R

wherein R7 is a hnear or branched alkyl group. It should be noted that alkyl group, R, of the
alunminoxane repeating unit having Forowila [ can be a mixture of different alkyl groups. Alkyl groups for
metal atkyt compounds are independently described herein and can be utiized without himitation to
further describe the aluminoxanes repeating uanit having Formla 1. Generally, 0 of Formwia 1 is greater
than 1; or alternatively greater than 2. In an embodiment, n can range from 2 to 15; or alternatively, range

from 3 to 10,

{00167 In an aspect, ecach halide of any metal alkyl halide compound disclosed herein can
mndependently be fluoride, chloride, bromide, or todide; alternatively, chloride, bronude, or iodide. Inan
embodiment, each hahde of any metal alkyl halide compound disclosed heretn can be fluoride;

alternatively, chloride; alternatively, bromide; or alterpatively, 1odide.

[80168] Tn an aspect, each alkyl group of any metal alkyl compound disclosed herein (non-halide metal
afkyl compound, metal alky! halide compound, and/or alupunoxane, among other described herein)
independently can be a C to Ty alkyl group; alternatively, a C, to Cyp alkyl group; or alternatively, a C,
to Cg¢ alkyl group. In an embodiment, each alkyi group independently can be a methyl group, an ethyl
group, a propyl group, a butyl group, a pentyl group, a hexyl group, a heptyl group, or an octyl group;
alternatively, a methyl group, a ethyl group, a butyl group, a bexyl group, or an octyl group. Io some
emboediments, each alkyl group independently can be a methyl group, an ethyl group, an n-propyl group,
an n-butyi group, an 1so-butyl groap, an n-hexyl group, or an n-octyl group; alternatively, a methyl group,
an ethyl group, an n-butyl group, or an iso-butyl group; alternatively, a methyl group; alternatively, an
cthyl groop; slteratively, an n-propyi group; alternatively, an n-butyl group; altermatively, an 1so-butyl

group; alternatively, an n-hexyl group; or alteroatively, an n-octyl group.
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{80169  In an aspect, cach alkoxide group of any metal alkyl alkoxide compound disclosed herein
tndependently can be a C; to Cy atkoxy group; altematively, a C; to Cyp alkoxy group; or alternatively, a
C, to g alkoxy group. In an cmbodument, cach alkoxide group of any metal alkyl alkoxide compound
disclosed herein independently can be a methoxy group, an ethoxy group, a propoxy group, a butoxy
roup, a pentoxy group, a hexoxy group, a heptoxy group, of an octoxy group; alternatively, a methoxy
group, & othoxy group, a butoxy group, a hexoxy group, of ap octoxy group. In some embodiments, cach
atkoxide group of any metal atkyl alkoxide compound disclosed herein independently can be a methoxy
eroup, an ethoxy group, an n-propoxy group, an n-butoxy group, an 1so-butoxy group, an n-hexoxy grouap,
of an n-octoxy group; alternatively, a methoxy group, an cthoxy group, an n-butoxy group, or an iso-
butoxy group; alternatively, a methoxy group; alternatively, an ethoxy group; alternatively, an n-propoxy
group; alternatively, an o-butoxy group; altersatively, an iso-butoxy group; alterpatively, an o-hexoxy

group; of alternatively, an n-octoxy group.

180178 In a non-limiting embodiment, the metal alkyl compound can be, comprise, or consist
essentially of, methyl ithiom, n-butyl Ithium, sec-butyl lithium, tert-butyl hithium, disthyl magoesium,

di-n-butyimagnesium, ethylmagnesiurn chloride, n-butylmagnesium chioride, and diethyl zinc.

{80171 o a non-limiting embodiment, the trislkylahuminum compound can be, comprise, or consist
essentially  of, trimethylalumimum,  tiethylalumimum,  inipropylaluminum,  ibotylaluminoem,
trthexvialuminum, trioctylaluminum, or mixtures thereof.  In some non-limiting embodiments, the
trialkylaluminum  compound can  be, comprise, or consist essentially of, trimethvialununum,
triethylalominum, teipropylalusunum, gi-n-butylalomumum, tri-isobutylaluoinun, trthexyialunvnum, ri-
a-cotvialuminum, or mixtores thereof; alterpatively, tricthylalumimum, ti-n-butylaluminom, ini-
isobutylabmunum,  trihexylalomimum,  tri-n-octylshomnum,  or  muxtures  thereof,  alternatively,
triethylalomimum, tri-n-butylaluminum, trthexvialoounum, tri-n-octylaluminum, or mixtures thereof. In
other non-limiting embodiments, the trialkylalununum compound can be, comprise, or consist essentially
of, trimethylaluminooy alternatively, triethylaluounum; alternatively, tripropyialumumum; altornatively,
tri-n-butylaluminum;  alternatively, tri-isobutylahmminoey,  alterpatively,  trthexylaluminum;  or

alternatively, tri-n-octylaluminam.

801721 In a non-limiting embodiment, the alkylaluminem halide compound can be, comprise, or
consist essentially of, diethylaluminurn chloride, diethylalumoinum bronude, ethylaluminum dichioride,
cthylalumimum  sesquichloride, and mixtures thereof.  In some nop-limiting emboduments, the
atkylahinminom habide can be, comprise, or consist essentially of, diethylahominem chlonde,

ethylaluminum dichloride, ethylaluminum sesquichloride, and mixtures thereof. In other non-linuting
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embodiments, the alkylalumioum halides can be, comprise, or consist essentially of, diethvlaluminum
chloride; alternatively, diethylaluminom brooude; altersatively, cthylalominum dichlonde; or

alternatively, ethyvlalaminum sesquichionide.

188173} In a non-limiting embodiment, the ahiminoxane can be, comprise, or consist essentially of,
methvlalununoxane (MAQ),  ethylaluminoxane, modified  methylaluminoxane (MMAQO),
p-propylaluminoxane, iso-propylaluninoxane, n-butylalurinoxane, sec-butylaluminoxane,
iso-butylaluminoxane, ¢-butyl aluminoxans, 1l-pentylahumunoxane, Z-pentylaluminoxane, 3-peotyl-
aluminoxane, iso-pentylalominoxane, neopentylaluminoxane, or mixtures thereof; In some non-limiting
embodiments, the aluminoxane can be, comprise, or consist essentially of, methylaluminoxane (MAO),
modified methvlaluminoxane (MMAQO), isobutyl aluminoxane, t-butyl alununoxane, or mixtures thereof.
In other son-Himiting embodiments, uvseful aluounoxanes can ioclude methylalmminoxane (MAQOY
alternatively, ethylaluminoxane; alternatively, modified methylabmminoxane (MMAQ); alternatively,
n-propylaluminoxane;  alternatively,  iso-propylalominoxane;  alternatively, n-butylaluminoxane;
afternatively, sec-butylaluminoxave; alterpatively, iso-butyvlahmminoxane; alternatively,  t-butyl
aluminoxane; alterpatively, !-penéylalumuncxane; alternatively, 2-peotylalmoinoxane; alternatively,

3-pentylahuminexane; alternatively, iso-pentylaluminoxane; or alternatively, neopentylalminoxane.

Catalyst System Component Ratios

[00174] n an aspect, the metal alkyl and N -phosphinyl guanidine metal salt complex can be
corbived in any ratio that can form an active catalyst system (or catalyst system composition). In an
embodiment, the metal of the metal alkyi compound to the metal of the N -phosphinyl guanidine metal
salt complex molar ratio can be greater than or equal to 5:1; alternatively, greater than or equal to 10:L;
alternatively, greater than or equal to 25: 1; alternatively, greater than or equal to 5{(:1; or alternatively,
greater than or equal to 100:1. In some embodiments, the metal of the metal alkyl compound to the metal
of the N'-phosphinyl guanidine metal salt complex molar ratic can range from 5:1 to 100,000:1;
alternatively, range from 10:1 to 50,000:1; alternatively, range from 25:1 to 10,000:1; alternatively, range
from 30:1 to 5,000:1; or slternatively, range from 100:1 to 2,500:1. When a metal alkyl compound
having a specific metal and an N-phosphiny! guanidine metal salt complex having a specific metal is
utilized the metal of the metal alkyl compound to the metal of the N -phosphinyl guanidine metal salt
complex molar ratio can be stated as a specific metal of the metal alkyl to specific metal of the N'-
phosphinyl guanidine metal salt complex molar ratio. For example, when the metal alkyl compound is an
atkylalomimim  compound {(e.g., triatkylahoninem compound, alkylabiminom halide compound,

alkviabiminum alkoxide compound, and/or abiminosane) and the N-phosphinyl guanidine metal salt
o b4 y



WO 2013/184579 PCT/US2013/043902

99

complex is an N -phosphinyl guanidine chromium salt complex, the metal of the metal alkyl compound to
metal of the metal salt can be an aluminum to chromium molar ratio. In some noo-limiting embodiments,
the aluominum to chromium molar ratio can be greater than or equal to 5:1; alternatively, greater than or
equal to 10:l; alternatively, greater than or equal to 25 1; alternatively, greater than or equal to S0:1;
afternatively, greater than or equal to 100:1; alternatively, range from 5:1 to 100,060:1; alternatively,
range from 10:1 to 50,000:1; alternatively, range from 25:1 to 10,000:1; slternatively, range from 50:1 to

5,000:1; or alternatively, range from 100:1 to0 2,500: L.

{60175}  In another aspect, the metal alkyi, metal salt, and N’-phosphinyl guanidine compound can be
combined in any ratio that forms an active catalyst system (or catalyst systern composition).  Generally
the ratio of the components of the catalyst systera {or catalyst systern composition) comprising, consisting
essentially of, or consisting of a metal alkyl, metal salt, and N'-phosphinyl guanidine compound can be
provided as t) a molar ratic of the metal of the metal alkyl compound to metal of the metal salt, it) an
equivalent ratio of the N -phosphiny! guanidine compound to metal salt, or it} a combination of a molar
ratio of the metal of the metal alkyl compound to metal of the metal salt and an equivalent ratio of the N°-

phosphinyl gnanidine compound to metal salt,

{80176} In an cmbodiment, the metal of the metal alkyl compound to the metal of the metal salt molar
ratic can be greater than or equal to 5:1; alternatively, greater than or equal to 10:L; alternatively, greater
than or equal to 25: 1; alternatively, greater than or equal to S0:1; or alternatively, greater than or equal to
i00:1. In some embodiments, the metal of the metal alkyl compound to the metal of the etal salt molar
ratic can range from 5:1 to 100,060:1; alternatively, ranges from 10:1 to 50,000:1; alternatively, ranges
from 25:1 to 10,000:1; alternatively, ranges from 50:1 to 5,000:1; or alternatively, ranges from 100:1 to
2,500:1. When a metal alkyl compound having a specific metal and a metal salt having a specific metal s
utilized the metal of the metal alkyl compound to the metal of the metal salt molar ratio can be stated as a
specific metal of the metal atkyl conpound to specific metal of the metal salt mwolar ratio. For example,
when the metal alkyl compound is an alkylaluminm compound {(e.g., triatkyvlaluminum compound,
atkylahiminom hahde compouand, alkylaluminum atkoxide compound, and/or aluminoxane) and the metal
salt i3 a chromiwm salt, the metal of the metal alkyl compound to metal of the metal salt can be an
aluminum to chromium molar ratio.  In some non-lmuting embodiments, the aluminum to chromium
molar ratio can be greater than or equal to 5:1; altersatively, greater than or equal to 10:f; alternatively,
greater than or equal to 25: 1; alternatively, greater than or equal to 50:1; alternatively, greater than or
equal to 100:1; alternatively, range from 5:1 to 100,000:1; alternatively, range from 11 to 50,000:1;
alternatively, range from 25:1 to 10,000:1; alternatively, range from 53:1 to 3,000:1; or alternatively,

range from 100:1 to 2,500:1
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00177} In an embodiment, the N>-phosphinyl guanidine compound to metal salt equivalent ratio can
be greater than or equal to 0.8:1; altcrnatively, greater than or equal to .9:1; ot alternatively, greater thag
or equal to 0.95:1; or alternatively, greater than or equal to 0.9&:1. In some embodiments, the N™-
phosphinyl guamdine compound to metal salt cguivalent ratio can be range from 0.8:1 to 5:1;
alternatively, range from 0.9:1 1o 4:1; or alternatively, range from 0.95:1 to 3:1; or alternatively, range
from 0.9%:1 to 2.5:1. In other embodiments, the N -phosphinyl guanidine compound to metal salt
equivalent ratio can range from (.9:1 to 1.25:1; alternatively, ranging from 0.95:1 to 1.20:1; alternatively,
ranging from 0.975:1 to 1.15:1; or altemmatively, ranging from 0.99:1 to 1.10:1. Ip yet other embodiments,

the N>-phosphiny! guanidine compound to metal salt equivalent ratio can be about 11,

{00178} In an embodiment, the time between the isolation and/or purification of the N -phosphinyl
suanidine metal salt complex and the formation of the catalyst systemy may impact aspects of the
oligomerization. In an embodiment, increasing the tme between the tsolation and/or purification of the
N-phosphinyl guanidine metal salt complex and the formation of the catalyst system can increase the
catalytic activity and/or productivity of the catalyst systeni. In an embodiment increasing the time
between the isolation and/or purification of the N'-phosphinyl guanidine metal salt complex and the
formation of the catalyst system can increase the percentage of polymer produced by the catalyst system.
Without being hmited by theory, it is believed that these effects can result from the disassociation of (or
alternatively, evaporation of) neutral ligand, Q, from the N -phosphinyl guanidine metal salt complex

and/or from the crystal lattice of the N -phosphinyl guanidine metal salt complex.

[00179] Controlling the time between the isolation and/or purification of the N™-phosphiny! guanidine
metal salt complex and the formation of the catalyst system can improve the oligomerization process of
polymerization process. For instance, one can increase the activity and/or productivity of the catalyst
systent by increasing the time between the isolation and/or purification of the N>-phosphinyl guanidine
metal salt coroplex and formation of the catalyst systern. Increasing the activity and/or the productivity of

the catalyst syster can provide increased cligomer (or polymer) product per unit of catalyst systent.

[803180] However, it may not be possible to increase the time hetween the isolation and/or purification
of the N-phosphinyl guanidine metal salt complex and formation of the catalyst system indiscriminately.
As noted herein, increasing the time between the isolation and/or purification of the N-phosphinyl
suanidine metal salt complex and the formation of the catalyst system can increase the percentage of
polymer produced by the catalyst system.  If the polymer production of the catalyst system utilizing the
N-phosphinyl guenidine metal salt complex increases too much, polymer prodection can adversely

impact the oligomerization process. For example, polyvmer could adhere to the oligomernization reactor
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walls or cooling apparatus and cause fouling which can necessitate a reactor shut down to remove
polymer. Consequently, there can be a need to balance mcreases in catalyst system activity and/or

productivity against increased polymer production.

1B0i81] In an embodiment, some of the effects of increasing the time between the isclation and/or
purification of the N -phosphiny! guanidine metal salt complex and the formation of the catalyst systern
can be reversed by adding neutral ligand to the N -phosphinyl guanidine metal salt complex. The ability
to reverse some of the effects of increasing the time between the isolation and/or purification of the N*-
phosphinyvl guanidine metal salt compiex and the formation of the catalyst system can negate potentially
negative effects. Non-limiting examples of negative effects of moreasing the time between the solation
and/or purification of the N -phosphinyl guanidine metal salt complex and the formation of the catalyst
systern can include 1) prohibiting the ability to use an N'-phosphinyl guanidine metal salt complex by
increasing the time between the isclation and/or purification of the N -phosphiny! guanidine metal salt
complex and the formation of the catalyst system to a point wherein the formed catalyst system produces
an undesirable quantity of polymer and 2) reducing the need to minimize the time between preparing the
N -phosphinyl guanidine metal salt complex and the preparation of the catalyst system utilizing the N
phosphinyl guanidine metal salt complex. It should also be noted that the incremental loss of the neutral
ligand can impact the catalyst system and its subsequent use n an oligpomerization. Conseguently, while
adding neutral ligand can reverse the effect of neutral ligand loss from the N -phosphinyl guanidine metal
salt complex, process and/or steps can be ymplemented that can it the loss of neutral ligand loss from
the N-phosphiny! guanidine metal salt complex as a method to control the offects associated with the
neutral ligand loss from the N -phosphinyl guanidine metal salt complex. For example, the N™-
phosphinyl guanidine metal salt complex can be stored in a sealed container (among other methods know
to those having ordinary skill in the art) to linut loss of neutral ligand from the N -phosphiny] suanidine

metal salt complex.,

[00182] However, without being Hmited by theory, it is believed that too much neutral ligand
associated with the N -phosphinyl guanidine metal salt complex can significantly reduce or eliminate the
catalyst system productivity. Consequently, i some embodiments, precautions can be taken to control
the amount of neutral ligand provided to the N'-phosphinyl guanidine metal salt complex. Generally,
addition of the neutral lgand to the N -phosphinyl guanidine metal salt complex can be accomplished by
any suitable method. For example, the N'-phosphinyl guanidine metal salt complex can be recrystailized
from a solution containing a neutral ligand or the N -phosphiny! guanidine metal salt complex can be
placed in a solvent containing a neutral ligand, Excess neutral ligand can be removed from the N'-

phosphiny guanidine metal salt complex by allowing the solvent to evaporate or by increasing the time
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between the treatment of the N -phosphiny! guanidine metal salt complex with the neutral figand and the

formation of the catalyst system.

{00183} In an aspect, the isolated and/or purified N'-phosphinyl guanidine metal salt complex can be
utilized 1o catalyst systern for an oligomerization {or polymerization) process. Conseguently, in an
aspect, any process of producing a catalyst system disclosed herein or any oligomerization {of
polymerization} process can further comprise a step of aging the N'-phosphinyl guanidine metal salt
complex. In another aspect, any process of producing a catalyst system disclosed herein or any
oligomerization (or polymerization) process can farther comprise a step of treating the N>-phosphinyl
guanidine metal salt complex with a neutral ligand; or alternatively, 1) treating the N -phosphinyl
suanidine metal salt complex with a noutral ligand and 2) allowing the treated N -phosphiny! guanidine
metal salt complex to age. In another aspect, any process of producing a catalyst system disclosed herein
or any oligomerization (or polymerization) process can further comprise a step of treating an aged N
phosphinyl guanidine metal salt complex with a neutral ligand; or alternatively, 1) treating the N°-
phosphinyl guanidine metal salt complex with a neutral ligand and 2) allowing the treated N -phosphinyl

suanidine metal salt complex 1o age.

{00184} In an aspect, the activity of any oligomerization (or polymerization} process described hercin
(using any catalyst system described herein comprising any N-phosphinyl guanidine metal salt complex
described herein) can be controlied by aging the N -phosphinyl guanidine metal salt complex. In an
aspect, the activity of any oligomerization (or polymerization) process described herein (using any
catalyst system as described herein comprising any N'-phosphinyl gumanidine metal salt complex
described herein} can be controlled by treating the N -phosphinyl guanidine motal salt complex with a
neutral Hgand; or alternatively, 1) treating the N'-phosphinyl goanidine metal salt complex with a neutral
tigand and 2) allowing the treated N™-phosphinyl guanidine metal salt complex to age. In an aspect, the
activity of any oligomerization {or polymerization) process described heretn (using any catalyst systermn
described herein comprising any N'-phosphiny! guanidine metal salt complex described herein) can be
controlled by treating an aged N'-phosphinyl guanidine metal salt complex with a neutral ligand; or
alternatively, 1) treating the N'-phosphinyl guanidine metal salt complex with a neutral ligand and 2)

alfowing the treated N -phosphiny! guanidine metal salt complex to age.

[00185]  The catalytic activity of any catalyst systern described herein comprising any N-phosphioyl
guanidine metal salt complex described herein in an oligomerization {or polymerization) process can be
defined as the grams of oletin ohigomer {or polymer} product (or Hiquid olefin oligomer/polymer product,

or any other defined portion of the oligomerization/polymerization producty produced per gram of metal
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of the metal salt in the N -phosphinyl guanidine metal salt complex utilized. In an embodiment, the
catalyst system activity of any catalyst system described herein comprising any N*-phosphinyl guanidine
metal salt complex described herein can be increased by utilizing an aged N -phosphinyl guanidine metal
salt complex. This activity mcrease can be described as a percentage mcrease m the catalyst system
activity and can be related to the activity of the catalyst system prepared using a fresh N -phosphinyt
smanidine metal salt complex, a,. Generally, a fresh N -phosphiny! guanidine metal salt complex is one
which has been utilized to prepare a catalyst system within 7 days of iés tsclation and/or purification. 1t
should be noted, a fresh N -phosphinyl guanidine metal salt complex does not contain excess neutral
figand which can give an inactive catalyst system (i.¢. a catalyst system that produces less than 500 grams
oligomer/polymer per gram metal of metal salt in the N -phosphinyl guanidine metal salt complex). The
activity of the catalyst system based upon an aged N -phosphinyl guanidine metal salt complex can be

denotad a,.

{00186} In an embodiment, the N-phosphinyl guanidine metal salt complex can be aged for a
maximmurn of 730 days; alternatively, 550 days; alternatively, 450 days; alternatively, 365 days;
alternatively, 330 days; alternatively, 300 days; alternatively, 270 days; altervatively, 240 days;
alternatively, 210 days; or alternatively, 180 days. In some embodiments, the N -phosphinyl guanidine
metal salt complex can be aged for a minmimum of § day; alternatively, 3 days; alternatively, 7 days;
alternatively, 14 days; alternatively, 28 days, In other embodiments, the NQ-phosphinyE guanidine metal
salt complex can be aged from any muninwim aging time provided herein to any maxitmun aging time
provided berein. In a non-limiting embodiment, the N'-phosphiny! guanidine metal salt complex can be
aged can be aged from | day to 730 days; alternatively, from 3 days to 550 days; alternatively, from 3
days to 330 days; or alternatively, from 7 days to 180 days. Other aging times are readily apparent from

the present disclosare,

[00187] In an embodiment, aging the N -phosphinyl guanidine metal salt complex (for any time period
described herein can increase the activity of any catalyst system described herein utilizing any N-
phosphinyl guanidine metal salt complex described herein by a mimimum of 10 %; alternatively, by at
feast 20 %; alternatively, by at least 30 %; alternatively, by at least 40 %; or alternatively, by at least
50 %. Tn other embodiments, aging the N -phosphinyl guanidine metal salt complex (for any time period
described herein) can increase the activity of any catalyst system described herein utilizing any N-
phosphinyl guanidine metal salt complex described herein by 3 maximum of 15300 %; alternatively,
1000 %; alternatively, 750 %; alternatively, 600 %6; or aliernatively, 500 % In some embodiments, aging
the N’-phosphiny! guanidine metal salt complex (for any time period described herein) can incroase the

activity of any catalyst system described herein utilizing any N”-phosphiny! guanidine metal salt complex



WO 2013/184579 PCT/US2013/043902

104
described herein from any mininwm value described herein to any maxinum value described herein. Ina
non-limiting example, aging the N™-phosphinyl puanidine metal salt complex (for any time period
described herein) can increasc the activity of any catalyst system described herein utilizing any N°-
phosphinyl guanidine metal salt complex described herein from 10 96 to 1500 %; alternatively, from 20 %
to 1000 %; alternatively, from 30 % to 750 %; altermatively, from 40 % to 600 %, or alternatively, from

50 % to 500 %. Other catalyst system activity ranges are readily appareot from the present disclosure.

{00188] Inan embodiment, aging the N'-phosphinyl guanidine metal salt complex (for any time period
described herein) for any catalyst system described herein utilizing any N -phosphinyl guanidine metal
salt complex described herein can provide an oligomerization catalyst systern which can produce any
defined percentage of polymer described berein. In an embodiment, aging the N’-phosphiny! guanidine
metal salt complex (for any time period described herein) for apy catalyst system described herein
utilizing any N-phosphinyl guanidine metal salt complex described herein can provide an
oligomerization catalyst system which can produce less than 5 weight percent (wt.%) polymer;
alternatively, equal to or less than 2 wi.% polymer; alternatively, equal to or less than 1.5 wt. % polymer,
alternatively, equal to or less than 1 wt% polymer r; alternatively, equal to or less than 0.75 wt.%
polymer, alternatively, equal to or less than 2 wt.% polymer; alternatively, equal to or less than 0.5 wt.%
polymer; alternatively, equal to or less than 0.4 wt.% polymer; alternatively, equal to or less than 0.3
wit.% polymer; alternatively, equal to or less than wt.% polymer; or ,alternatively, equal to or less than 0.1
wt.% polymer. Generally, the basis for weight percent polymer is based upon all oligomer products
(alternatively, trimer product, tetramer product, or trimer and tetramer products) of the olefin

oligomerization {olefin trimerization, olefin tetramerization, or olefin trimerization and tetramerization),

(601891 In some embodiments, any oligomerization catalyst system described herein utilizing an aged
N-phosphinyl guanidine metal salt complex can have a combination of any increased activity described
herein and aoy amount of polymer described herein.  The coligomerization casalyst systern described
herein utilizing an aged N -phosphinyl guanidine metal salt complex can further be described utilizing,
mdividuaily or in any combination, any other oligomerization catalyst system feature or oligomerization

product feature described herein.

[80190]  Tn an embodiment, a calibration curve can be produced depicting catalvtic activity and or
polymer product of any catalyst systern described herein comprising any N -phosphinyl guanidine motal
salt complex described herein in response to aging the phosphinyl guanidine metal salt complex. In some
embodiments, a calibration curve {for catalyst activity and/or polymer production) can be depicted as a

function of the period of N -phosphinyt guanidine metal salt complex age in order to derive a predictive



WO 2013/184579 PCT/US2013/043902

105

equation. The calibration curve or predictive equation relating catalyst system activity and/or polymer
production in responsa to N -phosphinyl guanidine metal salt complex age can be utilized to adjust one or
more user and/or process parameters based upon the interpolation or extrapolation of the calibration curve
and/or the predictive equation. It 15 contemplated that in some aspects, the extent to which a, increases
with respect to a9 can fall outside the mstantly disclosed ranges and can be larger than would be expected
based on the presently disclosed values depending on the conditions under which the N’-phospbinyt
onanidine metal salt complex is aged. For example, the N -phosphinyl guanidine metal salt complex can
be subjected to aging for time periods that are 5 to 10 times longer than those presently recited or under
conditions of clevated temperature and/or reduced pressure. The effects of aging the N -phosphinyl
guanidine metal salt complex under such conditions can be subject to the hercin mentioned analysis to
provide predictive information that can lead one to conditions under which aging the N’-phosphinyl
onanidine metal salt complex can increase catalyst system activity using an aged N -phosphinyl guanidine
metal salt complexes outside of the recited numerical ranges. It is contemplated that given the benefits of
this disclosure and using routine experimentation one having ordinary skill in the art can modify the
methodologies disclosed herein to alter the catalytic system activity using an aged N-phosphinyl
guanidine metal salt complexes to a desired value or range. Such modifications fall within the scope of

this disclosure.

{00191} In an embodiment, contacting of the N -phosphiny! guanidine metal salt complex (aged or
otherwise) with a neutral ligand can be carried out using any suitable molar ratio of neutral ligand to N*-
phosphinyl guanidine metal salt. In an embodiment, the molar ratio of neutral ligand to N'-phosphinyt
guanidine metal salt complex can be at least 0.2:1; alternatively, at least 0.3:1; alternatively, at teast (.4:1;
or alternatively, at least 0.5:1. In an embodiment, the molar ratic of neutral ligand to N-phosphinyl
suanidine metal salt complex can be from 0.2:1 to 10,000:1; aliernatively, 0.3:1 to 8,000:1; alternatively,
from 0.4:1 to 6,000:1; or altersatively, from 0.5:1 to 5,000:1. In an embodiment, the contact of the N
phosphinyl guanmidine metal salt complex can occur in a solvent consisting essentially of the neutral
ligand; or alternatively, in a solvent comprising, or consisting essentially of, the neutral ligand and a non-

complexing solvent.

{00192}  When the N -phosphinyl guanidine metal salt complex is contacted with a solvent consisting
cssentiaily of the neutrat ligand, the molar ratio of neutral figand to N'-phosphiny! guanidine metal salt
can be any molar ratio of neutral ligand to N -phosphinyl guanidine metal salt disclosed herein. In other
embodiments wherein the N'-phosphinyl guanidine metal salt complex is contacted with a solvent
consisting essentially of the neutral ligand, the molar ratio of neutral ligand to N’-phosphiny! guanidine

metal salt can be any molar ratio of neutral ligand to N-phosphinyl guanidine metal salt can be at least
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5:1; alternatively, at least 7.5:1; alternatively, at least 1(:1; alterpatively, at feast 10:1; alternatively, at

least 15:1; altemnatively, 5:1; altematively, range from 7.5:1 to 10,000:1; alternatively, range from 16:1 to

5,000:1; alternatively, range from 10:1 to 6,000:1; or alternatively, range from 15:1 to §,000: 1.

[00193] When the N -phosphinyl guanidine metal salt complex is contacted with a solvent comprising,
or consisting essentially of, the seutral ligand and a non-complexing solvent, the molar ratio of noufral
ligand to N -phosphinyl suanidine metal salt can be any molar ratio of neutral ligand to N -pbosphinyi
guanidine metal salt disclosed herein. In other embodiments wherein the N-phosphiny! guanidine metal
salt complex i3 contacted with a solvent comprising, or consisting essentially of, the neutral ligand and a
non-complexing solvent, the molar ratio of neutral ligand to N-phosphinyl guanidine metal salt can be
fess than or equal to 500:1; less than or equal 1o 300:1; less than or equal to 200:1; alternatively, less than
or equal to 10(:1; alternatively range from 0.2:1 to 500:1; alternatively, range from 0.3:1 to 300:1;
alternatively, range from $.4:1 to 200:1; or alternatively, from 0.5:1 to 100:1. In some cmbodiments,
whercin the N -phosphinyl guanidine metal salt complex is contacted with a solvent comprising, or
consisting essentially of, the neutral ligand and a non-complexing solvent, the volumetric ratio of neutral
figand to non-complexing sofvené can range from 1:1 to 10,000:1; altematively, range from 3: o

8,000:1; alternatively, range from7.5:1 to 6,000:1; or alternatively, range from 10:1 to 5,000:1.

{00194} In an cmbodiment, the neutral ligand can be any neutral hgand disclosed herein. In some
embodiments, the neutral ligand utilized to treat the N -phosphinyl guanidine metal salt complex can be
the same as the neutral ligand of the N’-phosphinyl guanidine metal salt complex; or alternatively, the
neutral Higand utilized to treat the N -phosphinyl gnanidine metal salt complex can be different from the
neutral ligand of the N°-phosphinyl guanidine metal salt complex. In an embodiment, the non-
complexing solvent utilized in an embodiment comprising, or consisting essentially of, a neutral higand
and a pon-complexing solvent can be a hydrocarbon or a halogenated hydrocarbon; alternatively, a
hydrocarbon or a halogenated hydrocarbon. Hydrocarbon and halogenated hydrocarbon solvents {general
and specific) are disclosed herein and can be utilized, without limitation, to further describe any aspect
and/or embodiment utilizing a solvent comprising, or consisting essentially of, a neutral ligand and a non-

complexing solvent.

{00195} Tn an embodiment, the N-phosphiny! guanidine metal salt complex can be aged (whether or
pot i has been treated with a neutral ligand) utilizing any suitable methodology. In some embodiments,
the N'-phosphinyl guanidine metal salt complex can be aged {whether or not it has been treated with a
neutral ligand) at ambient temperature (15-35 °C — no applied external heat source); or alternatively, at

ambicnt termperature under an inert atmosphere.  In other embodiments, the N-phosphinyl guanidine
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metal sali complex can be aged (whether or not it has been treated with a neutral ligand) with gentie
heating {e.g., at a tcmperature ranging from 25 °C to 50 °C); alternatively, under reduced pressure;
alternatively, at ambient temperature under reduced pressure; or alternatively, with gentle heating under

reduced pressure.

100196} Tn an embodiment, the aged N -phosphiny! guanidine metal salt complex, the neutral ligand
treated N -phosphiny! guanidine metal salt complex, or the neutral ligand treated and aged N -phosphinyl
guanidine metal salt complex can be uiilized in a catalyst system, utihized in a process to prepare a
catalyst system, and/or an oligomerization {or polymerization} process. Generally, the steps of aging the
N-phosphinyl guanidine metal salt complex, the steps of treating the N™-phosphiny! guanidine metal salt
complex with a neutral ligand, and/or treating the N™-phosphiny! guanidine metal salt complex with a
neutral igand and aging the nentral ligand treated the N -phosphiny! guanidine metal salt complex can be
utitized, without limitation, to further describe the catalyst system, the process of preparing the catalyst

system, and/or the ohigomerization {or polymerization) process.

[001971 Tn an aspect, the step(s) for preparing the N-phosphiny! guanidine compound can be
. . . . > ~ 2 . P . . e . '- .
moorporated inte the preparation of the N -phospbinyt guasidme yoetal salt complex, process of preparing
the catalyst system, and/or an oligomerization (or polymerization) process. When the steps are combined,
appropriate step wdentifiers (e.g., 1), 2}, etc . .., a), b), etc. .., or i), 11}, etc . . . ) and compound/solvent
wdentifiers {c.g., first, sccond, otc . . .} can be added to indicate mdividual and/or different
steps/compounds/solvents utilized within the preparation of the guanidine compound, process of
preparing the catalyst system, and/or an oligomerization {(or polymerization) process without detracting

from the general disclosure.

1B0I98]  In an aspect, the present disclosure relates to an oligomerization process; or altematively, a
polymerization process. In an embodiment, the oligomerization process can comprise: a) contacting an
olefin and a catalyst system (or catalyst system composition); and by forming an oligomer product. In
some embodiments, the oligomerization process can comprise, a) contacting an olefin, hvdrogen, and a
catalyst system (or catalyst system composition); and b) forming an oligomer product. In an embodiment,
the polyroerization process can comprise: a) contacting an olefin and a catalyst syster (or catalyst system
compaosition); and by forming a polymer product. In some embodiments, the polymerization process can
comprise a) contacting an olefin, hydrogen, and a catalyst system (or catalyst system composition} and b)
forming a polymer product. The catalyst system {or catalyst system composition), olefin, and features of
the oligomer product or polymer product are independently described herein and can be unlized, without

limitation to further describe the oligomerization process or polymerization process. In an embodiment,
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the catalyst systera can be prepared in a first selvent. In an embodiment, the olefin, catalyst system {(or
catalyst system composition), and optionally hydrogen, can be contacted in a second solvent. Generally,
a solvent in which the catalyst system can be prepared and the solvent in which the olefin and catalyst
system {or catalyst system compositions) can be contacted can be the same; or alternatively, can be

different.

001991 In an embodiment, the oligomerization process can comprise: a) forming a catalyst system
mixture comprising an N -phosphinyl guanidine metal salt complex and a metal alkyl compound; b)
contacting the catalyst system muxture with an olefin; and ¢} forming an oligomer product. In an
embodiment, the polymerization process can comprise: a) forming a catalyst system muxture coruprising
an N -phosphinyi guanidine metal salt complex and a metal alkyl compound; b) contacting the catalyst
systern ouxture with an olefin; and ¢) forming polymer product. In some embodiments, the step of
contacting the catalyst systerm mixture with the olefin can be a step of contacting the catalyst system
mixture with an olefin and hvdrogen. In some embodiments, the catalyst system muxture can further
comprise a solvent (e.g., a first solvent). In some embodiments, the catalyst system muxture and olefin
can be contacted in a solvent (e.g., a second solvent wheo the catalyst system s prepared in a solvent). In
an embodunent, the oligomerization process can comprise: a) forming a catalyst system muxture
comprising, or consisting essentially of, an N’-phosphiny! goanidine metal salt complex, a metal alkyl
compound, and a first solvent; b) contacting the catalyst system mixture with an olefin and a second
solvent; and ¢) forming an oligomer product. In an embodiment, the polymerization process can
comprise: a) forming a catalyst system nixture comprising, or consisting essentially of, an N*-phosphinyl
cuanidine metal salt complex, a metal alkyl compound, and 3 first solvent; b) contacting the catalyst
gystern muxture with an olefin and a second solvent; and ¢) forming polymer product. In some
embodiments, the step of contacting the catalyst systemn mixtare with the olefin and the second solvent
can be a step of contacting the catalyst system nixture with an olefin, 2 second solvent, and hydrogen.
The N -phosphinyl guanidine metal salt complex, metal alkyl compound, olefin, solvents, and features of
the oligomer product or polymaer product are independently described herein {(among other catalyst system
and oligomerization or polymerization features} and can be utilized, without limitation to further describe
the oligomerization process or polymerization process.  In some embodiments, the first and second
solvent can be the same; or alternatively, the first and second solvent can be different. In some
embodiments, the metal alkyl compound can be, comprise, or consist essentially of, an aluminoxane.
Ratios for the metal of the N-phosphinyl guanidine metal salt complex to the metal of the metal alkyl

comppound are mdependently provided herein {among other catalyst system and oligomerization or
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polymerization features) and can be utihized without limitation o further deseribe the oligomerization

process or polymerization process.

802001 & an embodiment, the oligomerization process can comprise: a) forming a composition
comprising an N-phosphiny! guanidine metal salt complex; b) forming a mixture comprising an olefin
and a metal alkyl compound; ¢) contacting the compaosition of step a) and the vuxwire of step b); and d}
forming ao oligomer product. In an embodiment, the polymerization process can comprise: a) forming a
composition comprising a the N’-phosphinyl guanidine metal salt complex; b} forming a mixture
comprising an olefin and a metal alkyl compound; ¢} contacting the composition of step a) and the
mixture of step b); and d) forming a polymer product. In some embodiments, the mixture comprising the
olefin and the metal alkyl compound can further comprise hydrogen. In some embodiuuents the
composition comprising the N’ -phosphinyl guanidine metal salt complex can further conprise a solvent
(e.g., a first solvent). In some embodiments, the mixture comprising an olefin, a metal alkyl compound,
and optionally hydrogen, can further comprise a solvent {¢.g., a second solvent). In an embodiment, the
oligomerization process can comprise: a) foroung a composition comprising, or consisting essentially of,
an N'-phosphinyl guanidine metal salt complex and a first solvent; b) forming a mixture comprising an
olefin, a metal alkyl compound, hydrogen, and a second solvent; ¢} contacting the composition of step a)
and the muxture of step b); and d) formuing an oligomer product. In an embodiment, the polymerization
process can comprise: a) forming a composition comprising, or consisting essentially of, a the N°-
phosphinyl guanidine metal salt comaplex and a first solvent; b) forming a muaxtare conmprising an olefin, a
metal alkyl compound, hydrogen, and a second solvent; ¢) contacting the composition of step a) and the
mixture of step b); and d) forming a polymer product.  In an embodiment, the solvents used in the
composition comprising the N-phosphiny] guanidine metal salt complex and the mixture comprising the
olefin and the metal alkyl compound (and optionally hydrogen) can be the same; or alternatively, can be
different. The N -phosphiny! guanidine metal salt complex, metal alkyl compound, olefin, solvents, and
features of the oligomer product or polymer product {among other catalyst system and oligomerization or
polymerization features) are indepandently described herein and can be utilized, without Limitation to
further describe the oligomerization process or polvmerization process. In some embodiments, the metal
atkyl compound can be, comprise, or consist essentially of an aluminoxane. Ratios for the metal of the
N -phosphinyl guanidine metal salt complex to the metal of the metal alkyl compound are indepeondently
provided herein (among other catalyst system and oligomerization process or polymerization process
features) and can be utilized without limitation to further describe the oligomerization process or

polymerization process.
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{80201 In an embodiment, the oligomerization process can conprise: &) forming a catalyst system
mixture comprising an N -phosphinyl guanidine compound, a metal salt, and a metal alkyl compound; b}
contacting the catalyst systern muxture with an olefin; and ¢) forming an oligomer product. In an
embodiment, the polymerization process can comprise: a) forming a catalyst system mixture comprising
an N-phosphinyl guanidine compound, a metal salt, and a metal alkyl compound; b) contacting the
catalyst systenm mixture with an olefuy; and ¢) forming a polymer product. In some embodiments, the step
of contacting the catalyst system mixtore with the olefin can be a step of contacting the catalyst system
mixture with an olefin and hvdrogen. In some embodiments, the catalyst system muxture can further
comprise a solvent (c.g., a first solvent). In some cmbodiments, the catalyst system muxture and oletin
can be contacted 1 a solvent (¢.g., a sccond solvent when the catalyst system is prepared in a solvent). In
an embodunent, the oligomerization process can comprise: a) forming a catalyst system nuxture
comprising, or consisting essentially of, an N’-phosphinyl guanidine compound, a metal salt, a metal
atkyl compound, and a first solvent; b} contacting the catalyst system mixture with an olefin and a second
solvent; and <) forming an oligomer product.  In an embodiment, the polymerization process can
comprise: a) forming a catalyst system mixture comprising, or consisting essentially of an N-phosphinyt
euanidine compound, a metal salt, a metal atkyl compound, and a first solvent; 1) contacting the catalyst
system mixture with an olefin and a second solvent; and ¢ forming a polymer product. In some
embodiments, the step of contacting the catalyst mixtare with the olefin and the second solvent can be a
step of contacting the catalyst system roixture with an olefin, a second solvent, and hydrogen. In some
embodiments, the first and sccond solvent can be the same; or alternatively, the first and second can be
different. The N'-phosphinyl guanidine compound, metal salt, metal alkyl compound, olefin, solvents,
and features of the oligomer product or polymer product are independently described herein (among other
catalyst system and oligomerization or features) and can be utilized, without linntation to further describe
the oligomerization process or polymerization process. In some embodunpents, the first and second
solvent can be the same; or alternatively, the fust and second solvent can be different. In some
embodiments, the metal atkylcompound can be, comprise, or consist essentially of, an aluminoxane. The
N-phosphinyl guanidine compound, metal salt, metal alkyl compound, olefin, solvents, and features of
the oligomer product or polymer product are independently described herein (among other catalyst systemn
and oligomerization or polymerization features) and can be utihized, without lintation to further describe
the oligomerization process or polymerization process. Ratios for the N-phosphiny! suanidine
compound to metal salt and ratios tor the metal of the metal alkyl compound to metal of the metal salt are

independently provided heremn (among other catalyst system and oligomerization process or
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polymerization process features) and can be uftlized withouwt linutation to further describe the

cligomerization process or polymerization process.

{00202 In an embodiment, the oligomerization process can comprise: a) forming a composition
comprising an N™-phosphiny! guanidine compound and a metal salt; b) forming a mixture comprising an
olefin and a metal alkyl compound; ¢} contacting the composition formed in step ay and the mixture
formed m step b); and d) forming an oligomer product. 1o an embodiment, the polymerization process
can comprise: a) forming a mixture comprising an N -phosphinyl guanidine compound and a metal salt;
b) forming a mixture comprising an olefin and a metal alkyl compound; ¢) contacting the composition
formed in step a) and the mixture formed m step bl and d) forming a polymer prodact. In some
embedirents, the mixture comprising an ofefin and a metal alkyl compound can further comprise
bydrogen. In some embodimenés, the composition of step a) can further comprise a solvent {e.2., a fust
solvent). In some embodiments, the mixture of step b) can further comprise a solvent {e.g., a second
solvent when the catalyst system is prepared in a solvent). In an embodiment, the oligomerization process
can comprise: a) forming a composition comprising, o consisting cssentially of, an N -phosphinyl
suanidine corpound, a metal salt, and a first solvent; b} forming a mixture comprising an olefin, a metal
atkyl compouand, and a second solvent; ¢) contacting the composition formed in step a) and the mixture
formed in step b); and d) forming an oligomer product. In an embodiment, the polymerization process
can comprise: a) forming a composition comprising, or consisting essentially of, an N°-phosphinyl
guanidine compound, a metal salt, and a first solvent; b) forming a mixture comprising an olefin, a metal
atkyl compound, and a second solvent; ¢) contacting the composition formed in step a) and the mixture
formed in step b); and d) forming a polymer product. In some embodiments, the first and second solvent
can be the same; or alternatively, the first and second solvent can be different. The N -phosphinyl
suanidine compound, metal salt, metal alkyl compound, olefin, solvents, and features of the oligomer
product or polymer product {among other catalyst systern and oligomerization or polyroerization foatures)
are independently described herein and can be utilized, without limitation fo fiwther describe the
oligomerization process or polymerization process. In some embodiments, the metal alkyl compound can
be, comprise, or consist cssentially of, an aluminoxane. Ratios for the N’-phosphinyl guanidine
compound to metal salt and ratios for the metal of the metal alkyl compound to metal of the metal salt are
mdependently provided hevein {among other catalyst system and oligomerization process of
polymerization process features) and can be utilized without limitation to further describe the

oligomerization process or polymerization process.

[802031  In an cmbodiment, a solvent utilized with the catalyst syster, a mixture comprising an N-

phosphiny! guanidine metal salt complex, a mixture comprising an N-phosphiny! guanidine metal salt
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complex and a metal alkyl compound, a composition comprising an N -phosphiny! guanidise compound
and a metal salt, or a composition comprising an N -phosphiny! guanidine compound, a metal salt, and a
metal alkyl compound can be a hydrocarbon sclvent, a halogenated hydrocarbon solvent, or any
combination thereof, alternatively, a hydrocarbon solvent; or alternatively, a halogenated hydrocarbon
solvent. In some embodiments, a solvent utilized with a nixture comprising an N'-phosphiny! guanidine
metal salt complex, a mixture comprising an N’ -phosphinyt guanidine metal salt complex and a metal
alkyl compound, a composition comprising an N -phosphinyl guanidine compound and a metal salt, or a
composition comprising an N'-phosphinyl guanidine compound, a metal salt, and a metal alkyl compound
cant be an aliphatic hydrocarbon solvent, a halogenated aliphatic hydrocarbon solvent, an aromatic
bydrocarbon solvent, a halogenated aromatic solvent, or any combination thereof; alternatively, an
aliphatic hydrocarbon solvent, a halogenated aliphatic hydrocarbon solvent, or any combination thereof;
alternatively, an aromatic hydrocarbon scolvent, a halogenated aromwatic solvent, or any combination
thereof; alternatively, an aliphatic hydrocarbon solvent; alternatively, a halogenated aliphatic hydrocarbon
solvent; alternatively, an aromatic hydrocarbon solvent; or alternatively, a halogenated aromatic solvent.
General and specific bydrocarbon solvents, halogepated hydrocarbon solvents, aliphatic hydrocarbon
solvents, halogenated aliphatic hydrocarbon solvents, aromatic hydrocarbon solvants, and halogenated
aromatic solvents are described herein and can be utiized without limitation to further describe the

sligomerization process{cs} or polymerization process(es) described herein.

1802041  In an embodiment, a solvent utilived in any mixture including the olefin or wtilized to form the
oligomer product or polymer product can be hydrocarbon solvent, a halogenated hydrocarbon solvent, or
any combination thereof, alternatively, a hydrocarbon solvent; or alternatively, a halogenated
hydrocarbon solvent. In some embodiments, a solvent uiithzed m any mixture including the olefin or
utihized to form the oligomer product or polymer product can be an aliphatic hydrocarbon solvent, a
halogenated aliphatic hydrocarbon solvent, an aromatic hydrocarbon solvent, a halogenated aromatic
solvent, or any combination thereof; alternatively, an aliphatic hydrocarbon solvent, a halogenated
aliphatic hydrocarbon solvent, or any combination thereof; alternatively, an arcmatic hydrocarbon
solvent, a halogenated aromatic solvent, or any combination thereof; alternatively, an aliphatic
hydrocarbon solvent; alternatively, a halogenated aliphatic hydrocarbon solvent; alternatively, an
aromatic bydrocatbon solvent; or alternatively, a halogenated arcmatic solveot. General and specific
hydrocarbon solvents, halogenated hydrocarbon solvents, aliphatic hydrocarbon solvents, halogenated
aliphatic hydrocarbon selvents, aromatic hydrocarbon solvents, and halogenated aromatic solvenis are
described herein and can be utilized without lmitation to further describe the oligomerization process or

polymerization process described herein.
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802051 In some embodiments, the solvent utilized with the catalyst system, a muxture comprising an
N"-phosphinyl guanidine metal salt complex, a mixture comprising an N -phosphiny! guanidine metal salt
complex and a metal alkyl, a composition comprising an N -phosphiny! guanidine compound and a metal
salt, or a composition comprising an N’ -phosphinyl guanidine compound, a metal salt, and a metal atkyl
and the solvent utilized i any mixture including the olefin or utilized to form the oligomer product or
polymer product can be the same; or alternatively can be different. {o an erbodiment, the solvent utilized
with the catalyst system, a mixture comprising an N -phosphiny! guanidine metal salt complex, a mixture
comprising an N -phosphiny! guanidine metal salt complex and a metal alkyl, a composition comprising
an N-phosphiny! guanidine compound and a metal salt, or a composition comprising an N -phosphinyl
suanidine compound, a metal salt, and a metal alkyl and the solvent utilized 1 any mixture mncluding the
olefin or utifized to form the oligomer product ot polymer product has a boiling poiot which allows for i#s

sasy separation {e.g., by distillation) from the oligomer product or polymer product.

{80206] Generally, the olefin which can be oligomerized or polymerized can comprise, or consist
essentially of, a C; to Csp olefin; alternatively, a C; to Ci olefin; or altematively, a C; to Cyp olefin, In an
embodiment, the olefin can be ao alpba olefin; altematively, a linear alpha olefin; or alternatively a
normal alpha olefin. In an embodiment, the olefin can comprise, or consist essentially of, ethylene,
propylene, or a combination thereof] alternatively ethylene; or alternatively, propylene. When the olefin
consists essentially of ethylene, the oligomenzation process can be an ethylene oligomerization process or

an ethylene polymerization process.

{80207 1o an aspect, the oligomerization process can be a trimerization process; alternatively, a
tetramerization process; or alternattvely, a trimecization and tetramerization process. When the olefin is
sthylene, the oligomerization process can be an cthylene trimerization process; alternatively, an ethylene
tetramerization process; or alternatively, an sthylene tnimerization and tetramerization process. When the
process is an ethylene trimerization process, the oligomer product can comprise hexene; or alternatively,
can comprise {-hexens. When the process is an sthylene tetramerization process, the oligomer product
can comprise octene; or alternatively, can comprise 1-occtene. When the process is an ethylene
trimerization and tetramerization process, the ohgomer product can comprise hexene and octene; or can

comprise 1-hexene and 1-octene.

[80208] Unless otherwise specified, the termw contacted, combined, and “in the presence of” vefer to
any addition sequence, order, or concentration for contacting or combining two or more components of
the ohgomerization process. Combining or contacting of oligomerization components, according to the

various methods described heremn can occur i one or more contact zones under suttable contact
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conditions such as temperature, pressure, contact time, flow rates, etc. . . . The contact zone can be
disposed 1n a vessel {(e.g., a storage tank, tote, container, mixing vessel, reactor, etc.), a length of pipe
{e.g., a tee, nlet, injection port, or header for combining component feed lines into a common line), or
any other suitable apparatus for bringing the components into contact. The processes can be carried out n

a batch or continuous process as 18 suitable for a given embodiment.

1002091 In an embodiment, the oligomerization process or polymerization process can be a continuous
process carried out in one or more reactors. I some embodiments, the continwous oligomerization
reactor or polvmerization reactor can comprise a loop reactor, a tubular reactor, a continuous stirved tank
veactor (CSTR), or combinations thereof. In other embodiments, the contimuous oligomerization reactor
or polymerization reactor can be a loop reactor; alternatively, a tubular reactor; or alternatively, a
continuous stired tank reactor {CSTR). In other embodiments, the coptimuous cligomerization reactor or
polymerization reactor can be amployed in the form of different types of continuous reactors

combination, and in various arrangements.

{60210]  In an embodiment, the oligomer product or polymer product can be formed under suitable
oligomerization reaction conditions or polymerization reaction conditions such as feraperature, pressure,
and/or time. Temperatutes, reaction pressures, and/or reaction times for forming the oligomer product or
polymer product can be impacted by a mumber of factors such as the metal sait complex stability, metal
salt complex activity, cocatalyst identity, cocatalyst activity, desired product distribution, and/or desired

product purity, among other factors.

{00211}  Gonerally, the oligomer product or polymer product can be formed using any N*-phosphbinyt
guanidine compound, metal salt, or N -phosphinyl guanidine metal salt complex concentration that can
form the desired cligomer product or polymer product (alternatively, oligomer or polymer). In an
embodirent, the concentration of the N -phosphiny! guanidine compound, metal salt, or N -phosphinyl
guanidine metal salt complex can be at feast | x 107 equivalents/liter; alternatively, at least 1x 107
equivalents/liter; or alternatively, at least Sx 107 equivalentsditer. In other embodiments, the
concentration of the N -phosphinyl guanidine meotal salt complex can range from 1 x 10°° equivalents/Hter
to 1 equivalents/liter; alternatively, range from 1 x 107 equivalents/liter to 5 x 107 equivalents/liter; or

. P . oy . i
alternatively, range from 5 x 107 equivalents/ltter to 1 x 107 equivalenis/hiter.

{80212}  Generally, the oligomer product or polymer product can be formed at any pressure that can
facilitate the oligomerization or polymerization of the olefin. In an embodiment, the pressure at which the
oligomer product or polymer product 18 formed can be any pressure that produces the desired oligomer

product or polymer product (alternatively, oligomer or polymer). In some embodiments, the oligomer
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product or polymer product can be formed at pressure can be greater than or equal to O psig (0 KPaj);
alternatively, greater than or equal to 30 psig (344 KPa); alternatively, greater than or equal to 100 psig
{689 KPa); or aliernatively, greater than or equal to 150 psig (1.0 MPa). In other embodiments, the
oligomer product or polymer product can be formed at a pressure ranging from 0 psig (0 KPa) to 5,000
psig (34.5 MPa); alternatively, 50 psig (344 KPa) to 4,000 psig (27.6 MPa); alternatively, 100 psig (689
KPa) to 3,000 psig (20.9 MPa); or alternatively, 150 psig (1.0 MPa) 1o 2,000 psig {13.8 MPa). In
embodiments wherein the monomer is a gas {(e.g., ethylene), the oligomer product or polymer product can
be formed under a monomer gas pressure. When the ohigomerization or polymerization prodaces an
cthylene ohgomer product or polyethylene, the pressure can be the ecthylene pressure. In some
embodiments, the ethylene pressure can be greater than or equal to § psig (0 KPa); alternatively, greater
than or equal to 50 psig (344 KPa); alternatively, greater than or equal to 100 psig (689 KPay; or
alternatively, greater than or equal to 150 psig (1.0 MPa}. In other emboduments, the ethylene pressure
can range from O psig (0 KPa) to 5,000 psig (34.5 MPa); alternatively, 50 psig (344 KPa) to 4,000 psig
(27.6 MPa); alternatively, 100 psig (689 KPa) to 3,000 psig (20.9 MPa); or alternatively, 150 psig (1.0
MPa) to 2,000 psig (13.% MPa). In some cases when ethylene is the monomer, inett gases (aod/or other
zases; ¢.g., hvdrogen) can form a portion of the total pressure. In the cases where inewt gases (and/or
other gases; ¢.g., hydrogen) form a portion of the pressure, the previously stated ethyiene pressures can be
the applicable ethylene partial pressures at which the ohigomer product or the polymer product can be
formed. In the situation where the monomer provides all or a portion of the oligomerization pressure or
polymerization pressure, the reaction system pressure can decrease as the gaseous monomer 15 consumed.
In this situation, additional gaseous monomer and/or inert gas can be added to maintain a desired
pressure.  In some embodiments, additional gascons monomer can be added at a set rate {c.g., for a
continuouns flow reactor), or at different rates {(c.g., to maintam a pressure in 3 batch reactor). In other
embodiments, the oligomerization pressure or polymenization pressure can be allowed to decrease without

adding any additional gasecus monomer and/or neatt gas.

{00213} o cmbodiments wherein hydrogen is vtilized, hydrogen can be added in any amount that can
produce a desired effect. In some embodiments, the hydrogen partial pressure can be greater than or
equal to 1 psig (kPa); altematively, greater than or equal to 5 psig (34 kPa); alternatively, greater than or
equal to 10 psig (69 kPa); or alternatively, greater than or equal to 15 psig (100 kPa). o other
embodiments, the hydrogen partial pressure can range from | psig (6.9 kPa) to 500 psig (3.5 MPa);
alternatively, S psig (34 kPa) to 400 psig (2.8 MPa); alternatively, 10 psig {69 kPa) to 300 psig (2.1 MPa);
or afternatively, 15 psig (100 kPa) 1o 200 psig (1.4 MPa).



WO 2013/184579 PCT/US2013/043902

116

{B0214]  In an embodiment, a condition to form an ohigomer product or polymer product can include a
temperature &t which the oligomer product or pelymer product can be formed.  Generally, oligomer
product or polymer product can be formed at any temperature which can form the desired oligomer
product or polymer product. In an embodiment, the temperature at which the oligomer product or
polymer product is formed can be at least 0 °C; alternatively, at least 10 °C; alternatively, at least 20 °C;
afteroatively, at least 30 °C; altematively, at least 40 °C; alternatively, at lcast 50 °C; alternatively, at loast
50 °C; alternatively, , at least 70 °C; alternatively, at least 80 °C; or alternatively, at feast 90 °C. In somwe
embodiments, the maximum ohgomerization temperature or polymerization temperatore at which the
oligomer product or polymer product 1s formed can be 200 °C; aliernatively, 180 °C; alternatively, 160
°C; alternatively, 140 °C; aliernatively, 120 °C; alicrnatively, 100 °C; alternatively, 90 °C; or
alteroatively, 80 °C. In some embodiments, the oligomerization toroperature (or polymerization
temperature) at which the oligomer product or polymer product 1s formed can range from any nunimum
temperature describad herein to any maximam temperature described herein. In a non-limiting example,
the oligomerization temperature {or polymerization temperature) at which the oligomer product or
polymer product is formed can range from § °C to 200 °C; alternatively, rasge from 10 °C to 160 °C;
alternatively, range from 20 °C 1o 140 °C; altemnatively, range from 30 °C to 120 °C; alternatively, range
from 40°C to 100 °C; alternatively, range from 50 °C to 100} °C; or alternatively, ranges from 60 °C to
140 °C. Other temperature ranges at which the oligomer product or polymer prodact can be formed are

readily apparent from the present disclosare.

[B0215]  In an embodiment, a condition to form an oligomer product or polymer product can include a
time at which the oligomer product or polymer product can be formed. Generally, the time at which the
oligomer prodoct or polymer product 15 formed can be any time that can produce the desired quantity of
oligomer product or polymer prodact; or alternatively, provide a desired catalyst system productivity; or
alternatively, provide a desired couversion of movomer. In some embodiments, the time at which the
oligomer product or polymer product is formed can range from 1 numuate to 5 hours; alternatively, ranges
from 5 munutes to 2.5 hours; alternatively, ranges from 10 munutes to 2 hours; or alternatively, ranges
from 135 munutes to 1.5 hours. In an embodiment, the oligomer product or polymer product can be formed
having a single pass olefin conversion of ethylene of at least 30 wt. % percent; alternatively, at least 35
wt. % percent; alternatively, at least 40 wt. % percent; or alternatively, at least 45 wt. % percent. When

the olefin 1s ethylene, the olefin conversion can be the ethylene conversion.

{00216} o an cmbodiment, the oligomerization process can produce an oligomer product comprising
an olefin trimer, an olefin tetramer, or mixtures thereof. In some embodiments, the oligomer product can

comprise a hiquid {under standard atmospheric conditions) product.  In some embodiments, when the
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olefin is ethylene the oligomerization is an ethylene oligomerization process. In some embodinents, the
cligomerization can produce an alpha olefin product having at least four carbon atoms. In an
embodiment, the ethylene oligomerization process can produce an olefin product comprising an ethylene
trimer {o.g., hexene; or alternatively, 1-hexene), aon cthylence tetramer (e.g., octene; or alternatively, 1-
octene), or a combimation thereof, alternatively, hexene; alternatively, octene; alternatively, hexene and
octene. In other embodimens, the ethylene oligomerization can produce an olefin product comprising 1-
hexene, 1-octene, or a combination thereof; alternatively, 1-hexene; alternatively, 1-octene; alternatively
i-hexene and l-octene. In an embodiment, when the olefin is ethylene and the oligomerization process
produces an alpha olefin {e.g., {-hexene, 1-octene, or a combination thereof) the olefin oligomerization

process can be an alpha olefin production process.

002171 In an cobodiment, the ethylene oligomerization process can produce an oligomer product
comprising a liguid oligomer product comprising at least 60 wt. % g and Cy olefins.  In some
embodiments, the olefin product comprises a liquid oligomer product comprising at least 70 wt. % Cq and
Cy olefins; alternatively, at least 75 wt. % Cs and Cy olefins; alternatively, at least 80 wt, % Cp and G,
olefins; alternatively, at least 85 wt, % C; and C; olefins; or alternatively, at least 90 wt. % Cg and Cg
olefins. In other embodiments, the ethylene oligomerization process can preduce an liguid oligomer
product comprising a hquid product having from 60 to 99.9 wt. % of O and Oy oleting; alternatively,
from 70 to 99.8 wt. % Cs and Cq olefins; alternatively, from 75 o 99.7 wt. % C; and Cq olefing; or
alternatively, from 80 to 99.6 wt. % s and Cy olefins. Throughout this application, a liguid oligomer

product refers to the oligomer product having from 4 to 1 ¥ carbon atoms.

[80218] v an embodiment, the (g oligomer product produced by the ethylene oligomerization process
can comprise at least 85 wi. % [-hexene. In some embodiments, the O oligomer product produced by the
ethylene oligomerization process can comprise at least 87.5 wt. % I-hexene; alternatively, at least 90 wi
% 1-hexene; alternatively, at least 92,5 wt. % 1-hexene; alternatively, at least 95 wi. percent 1-hexene;
alternatively, at least 97 weight percent 1-hexene; or alternatively at least 98 weight percent 1-hexeneg. In
other embodiments, the Cs oligomer product produced by the ethylenc oligomerization process can
comprise from 85 to 99.9 wit % 1-hexene; alternatively, from 87.5 to 99.9 wt % 1-hexene; alternatively,
from 90 to 99.9 wt 9% 1-hexene; alternatively, from 92.5 0 99.9 wt % I-hexene; alternatively, from 95 to
99.9 wt. % 1-hexene; alternatively, from 97 to 99.9 wt. % 1-hexene; or altematively, from 98 €0 99.9 wt.

% 1-hexene.

[B02319] I an embodiment, the C; oligomer product produced by the ethylens oligomerization process

can comprise at least 85 wt. % 1-octene. In some embodiments, the Cg oligomer product produced by the
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ethylene oligomerization process can comprise at least 87.5 wt. % 1-octene; alternatively, at feast 90 wt %
1-ceotene; alternatively, at least 92.5 wt. % l-ociene; altematively, at least 95 wt. percent 1-octene;
alternatively, at least 97 weight percent 1-cctene; or alternatively at least 98 weight percent t-octene. In
other embodunents, the Cy oligomer product produced by the ethyvlene oligomerization process can
comprise from 85 to 99.9 wt % 1-ociene; alternatively, from 87.5 to 99.9 wt % 1-octene; alternatively,
from 920 to 99.9 wt % l-octene; alternatively, from 92.5 to 99.9 wt % 1-octene; alternatively, from 95 to
99.9 wt. % 1-octene; alternatively, from 97 to 99.9 wt. % 1-octene; or alternatively, from 9810 99.9 wt. %

1-octene.

180228] In some aspects and/or embodiments, aging the catalyst systemr {(or catalyst system
composition) before contacting the catalyst systern {or catalyst system compostion} with the olefin to be
oligomerized and/or polymerized can improve aspects of the oligomerization process and/or
polymerization process; or alternatively, aging the catalyst system {or a catalyst system composition) in
the substantial absence of an olefin can improve aspects of the oligomerization process and/or
polymerization process. In some embodiments, aging the catalyst system can increase the prodactivity of
the catalyst system. In other embodiments, aging the catalyst systen can decrease the ampount of pelymer
produced in an oligomerization process. In some oligomerization process aspects and/or emboduments,
aging the catalyst system can increase the productivity of the catalyst system; alterpatively, can decrease
the amount of polymer produced in an oligomenzation process; or alternatively, can increase the
productivity of the catalyst system and decrease the amount of polymer produced in the oligomerization.
I vegards to aging the catalyst system {or catalyst system composition) in the substantial absence of ap
olefin, this can be taken to mean that the catalyst system {or catalyst systemn composition) can contain less
than 1,000 ppm olefin, by weight. In some embodiments, the catalyst system {or catalyst system
compaosition) can contain less than 500 ppm, by weight, olefin; alternatively, 250 ppm, by weight, oletin;
afteroatively, 100 ppm, by weight, olefuy alternatively, 75 ppmy, by weight, olefin; alternatively, 50 ppry,
by weight, olefin; alternatively, 25 ppm, by weight, olefin; alternatively, 15 ppoy by weight, olefiny
alternatively, 10 ppim, by weight, olefin; alternatively, 5 ppmy, by weight, olefin; altematively, 2.5 ppm, by

weight, olefin; or alternatively, 1 ppm, by weight, olefin.

802211 The catalyst systern aging umpacts can be utilized to provide positive benefits to an
oligomerization process and/or polymerization process. For exaople, increasing the activity and/or the
productivity of the catalyst system can provide ncreased oligomer product (or polymer product) per unit
of catalyst system. Additonally, 1n oligomerization processes, the decrease 1 polymer produced in an
oligomerization upoen aging the catalyst systems can reduce polymer which could adhere to the

cligomerization reactor walls or cooling apparatus.  The reduction i polymer produced in the
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oligomerization process can reduce the need to shut down a reactor 1o remove the polymer which can

cause fouling.

{602221  In any aspect or embodiment wherein an N -phosphinyl guanidine compound, a metal salt,
and a metal alkyl are contacted prior to contacting the olefin, the mixture comprising the N -phosphiny!
guanidine compound, the metal salt, and the metal alkyl can be allowed to age for a period of time prior {0
contacting the mixture comprising the N -phosphinyl guanidine compound, a metal salt, and a metal alkyl
with an olefin (or a mixture comprising the olefin); or altematively, catalyst system comprising the N°-
phosphinyvl guanidine compoond, the metal salt, and the metal alkyl can be allowed to age for a period of
timne 1n the substantial absence of (or in the absence of) an olefin {or a mixture comprising the olefin). In
some embodiments, a mixture comprising an N -phosphinyl cuanidine compound, a metal salt, and a

metal alkyl can further comprise a solvent.

{60223}  In any aspect or embodiment wherein an N -phosphinyl guanidine metal salt complex and a
metal alkyl are contacted prior to contacting the olefin, the mixture comprising the N -phosphinyl
suanidine metal salt complex and the metal alkyl can be allowed to age for a period of time prior o
contacting the mixture comprising the N -phospbinyl guanidine metal salt complex and the metal alkyl
with an olefin (or a mixture comprising the olefin} or alternatively, catalyst system: comprising the N*-
phosphinyl guanidine metal salt complex and the metal alkyl can be aliowed to age for a period of time 1n
the substantial absence of (or i the absence of) an olefin {or a nuxture comprising the olefin). In some
embodiments, a mixture comprising an N -phosphiny! guanidine metal salt complex and a metal alkyl can

further comprise a solvent,

{00224} o a pon-limiting crmbodiment, the oligomerization process can comprise: a) preparing a
catalyst system; b) allowing the catalyst system to age for a period of time; ©) contacting the aged catalyst
system with an olefin; and d) forming an oligomer product.  In some non-limiting embodiments, the
oligomerization process can comprise, a) preparing a catalyst system; b) allowing the catabyst system to
age for a period of time; ¢} contacting the aged catalyst system with an olefin and hydrogen; and d}
forming an oligomer product. The catalyst system, olefin, and other features of the oligomer product are
independently described herein and can be utilized, without limitation, to further describe the olefin
oligomerization process. In some embodiments, the catalyst system can be prepared in a furst solvent. In
an embodiment, the olefin, aged catalyst systern, and optionally bydrogen, can be contacted i a second
solvent. Generally, a solvent in which the catalyst system can be prepared and the solvent in which the
olefin and aged catalyst system can be contacted can be the same; or alternatively, can be different. The

catalvst system, teatures of aging the catalyst system, features of the oligomer product, and features of the
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impacts of aging the catalysts system, among other features, are tndependently described hersin and can
be atilized, without limitation to further describe the oligomenzation process. In some embodiments, the

first and second solvent can be the same; or alicrnatively, the first and second solvent can be different.

180225]  In a non-limiting embodiment, the oligomerization process can comprise: a} forming a catalyst
systent mixture comprising an N -phosphiny! guanidine metal salt complex and metal alky! compound; b)
aging the catalyst system mixture; ¢} contacting the aged catalyst systern mixture with an olefin; and ¢
forming an oligomer product. In another pon-limiting embodiment, the oligomerization process can
comprise: a) forming a catalyst system mixture comprising an N -phosphinyl guanidine compound, a
metal salt, and a metal alkyl compound; b} aging the catalyst system mixture; ¢} contacting the aged
catalyst system mixture with ap olefin; and ¢) forming an oligomer product. In some embodiments, the
catalyst system mixture can further comprise a solvent {e.g., a first solvent). In some embodiments, the
catalyst system mixtore and the olefin can be contacted in a solvent (e.g., a second solvent). In yet
another non-limiting embodiment, the oligpomerization process can comprise: a) forming a catalyst system
mixture comprising (or consisting essentially of) an N -phosphiny! suanidine roctal salt complex, a motal
atkyl compound, and a first solvent; b} aging the catalyst system mixture; ¢) contacting the aged catalyst
system mixture with an olefin and a second solvent; and ¢) forming an oligomer product. In a further
non-limiting embodiment, the olipomerization process can comprise: a) forming a catalyst system mixture
comprising (or consisting essentiaily of) an N-phosphinyl guanidine compound, a metal salt, a metal
atkyl, and a first solvent; b) aging the catalyst system muxture; ¢) contacting the aged catalyst system

mixture with an olefin and a second solvent; and d) forming an oligomer product.

100226} In some embodiments, the step of contacting the aged catalyst system mixture with the olefin
{and optionally a solvent — e.g., sccond solvent) can be a step of contacting the aged catalyst system
mixture with an olefin and hydrogen. The N -phosphinyl guanidine compound, metal salt, the metal salt
N -phosphinyl guanidine metal salt complex, the metal alkyt compound, the olefin, solvents, features of
aging the catalyst system, features of the oligomer product, and features of the tmpacts of aging the
catalysis system, among other features, are independently described herein and can be utilized, without
fimitation to further describe the ohgomerization process. In some embodiments, the {first and second
solvent can be the same; or altemnatively, the fivst and second solvent can be different.  In some
embediments, the metal alkyl compound can be, comprise, or covsist essentially of, an aluminoxase.
Ratios for the N*-phosphinyt guanidine compound to metal salt and ratios for the metal of the metal alkyl
compound to metal of the metal salt or the metal of the N>-phosphiny! guanidine metal salt complex,
among other features, are mdependently described herein and can be utilized without limitation to further

describe the oligomerization process.
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802271 Inan embodiment, the catalyst system can be aged for up 14 days; alternatively, up to 10 days;
alternatively, up to 8 days; alternatively, up to 6 days; alternatively, up to 4 days; altersatively, up 1o 3
days; alternatively, up to 48 hours; alternatively, up to 36 bhowrs; alterpatively, up to 24 hours;
alternatively, ap to 18 hours; alternatively, up to 10 hours; alternatively, op to 8 hours; alternatively, up to
6 hours; alternatively, up to 4 hours; or alternatively, up to 3 hours. In an embodiment, the catalyst
systern can be aged for at least 15 mioutes; alteroatively, at feast 20 nunutes; or alterpatively, at least 30
minutes. In an embodiment, the catalyst system can be aged for a time ranging from any catalyst systerm
aging munimmuim time disclosed herein to any catalyst system aging maximum time disclosed herein. In
some non-limiting embodiments, the catalyst system can be aged for from 15 minutes to 14 days;
alternatively, from 15 manutes to 10 days; alternatively, from 15 minutes to 8 days; alternatively, from 15
minuies o 6 days; alterpatively, from 20 muoutes to 4 days; alterpatively, from 20 minutes to 3 days;
alternatively, from 30 minutes to 48 hours; alternatively, from 30 minutes to 36 hours; alternatively, from
30 munates to 24 hours; alternatively, from 30 minutes to 18 hoars; aliernatively, from 30 nunutes to 10
hours ; alternatively, from 30 minutes to 8 hours; alternatively, from 30 munutes to 6 hours; altematively,
from 30 ounutes to 4 hours; or alterpatively, from 30 myimutes to 3 hours, Other catalyst system agiog

timae ranges are readify apparent for the present disclosure.

{00228] In an cmbodiment, any catalyst systern described herein can be aged at ambient temperature
(15 °C - 35 °C — no external heat source). In other embodiments, any catalyst system described herein
can be aged at a temperatare from 25 °C to 100 °C; alternatively, from 30 °C to 80 °C; or alternatively,
from 35 °C to 60 °C. in some embodiments, any catalyst system described herein can be aged under an
inert atmosphere. Generally, one will recognize that the temperature at which the catalyst system is aged
can have an impact upon the time necessary to achicve an increass in catalyst system activity and/or
recuction in catalyst system polymer prodaction. In any aspect or embodiment, the catalyst system can be
aged at a combination of any catalyst system aging time described herein and any catalyst system aging

temperature described herein.

(002291 The catalytic activity {(oligomerization or polymerization) of any catalyst system described
herein comprising 1) any N -phosphinyl guanidine metal salt complex or i) any N -phosphinyl guanidine
compound described herein and any metal salt described herein can be defined as the grams of product
{oligomer product ot polymer product) produced per gram of metal of the metal salt in the N™-phosphinyl
guanidine metal salt complex {or metal of the metal salt) utidized and is measured over 30 munutes
beginning from when complete catalyst system is contacted with the olefin. In an embodiment, any aged
catalyst system described herein (using any aging time period described herein andior any aging

temperature described herein) can increase the oligomerization activity or polymerization activity of the
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catalyst systern by at least 10 %; alternatively, at least 20 %; aliernatively, at least 30 %; alternatively, at
least 40 %; or alternatively, at least 50 %. In some embodiments, any aged catalyst system described
herein (asing any aging tume period described herein and/or any aging temperature described herein) can
increase the oligomerization activity or polymerization activity of the catalyst system from 10% to
1000 %; alternatively, from 20 9% to 00 %,; alternatively, from 30 % to 600 9% alternatively, from 40 %
to 500 %; or alternatively, from 50 % to 400 %. Generally, the increase in the catalyst system activity
{oligomerization or polymerization) as a result of aging the catalyst system is determined by comparing
the activity of the aged catalyst system to the activity of a catalyst system that has been aged for less than

12 minutes.

180238] o an embodiment, any aged catalyst system described herein (using any aging time period
described berein and/ot any aging temperature described berein) can provide a catalyst systers which can
produce a reduction in the percentage of polymer produced described herein. In some embodiments,
aging of any catalyst system described herein can reduce (using any aging time period described herein
and/or any aging temperature described herein) the amount of polymer produced m an oligomernization
process by at lcast 5 %; alternatively, 7.5 %; alternatively, 10 %; alternatively, 12.5 %; or alternatively, at
least 15 %. In some cmbodiments, aging of any catalyst system described herein (for any time period
described herein) can reduce the amount of polymer produced in an oligomerization by at least 20 %;
alternatively at least 25 %; alternatively, at least 30 %; or alternatively, at least 35 %. Generally, the
decrease in the catalyst system polymer production as a result of aging can be determined by comparing
the polymer production of the aged catalyst system to the polymer production of a catalyst systen that has

been aged for less than 12 minutes.

{60231 In an embodiment, aging any oligomerization catalyst system described hergin can have a
combination of any increase in activity described herein and any reduction in the amount of polymer

produced described herein

180232} In an embodiment, a calibration curve can be produced depicting the catalyst system
activity and/or polymer prodaction of any aged catalyst system describad herein in response to one or
more catalyst system aging variables (e.g., time, temperature, or time and temperature). In some
embodiments the calibration curve can be depicted graphically as a function of a catalyst system aging
vartable(s) (c.g., time, tenperature, ot tune and temperature ), or alternatively, the calibration curve can be
depicted as a predictive equation of a catalyst system aging variable(s) (¢.g., time, teraperature, of time
and temperature). The graphical representation and/or predictive equation relating catalyst system

activity and/or polymer production in response catalyst aging can be utilized to adjust one or more user
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and/or process parameters based upon the mterpolation or extrapolation of the graphical represcutation or
predictive equation. It is contemplated that in some aspects, the extent to which the catalyst system
activity increases and/or the extent to which there i3 a decrease in polymer production with respect to
catalyst system aging can fall outside the nstantly disclosed ranges and can be larger than would be
expected based on the presently disclosed values depending on conditions under which the catalyst
systemt is aged. For exarople, the catalyst systern can be subjected to aging for time periods that are
longer than those presently recited and/or at temperatures greater than those presently recited. The effects
of aging the catalyst system under such conditions can be subject to the herein mentioned analysis to
provide predictive mnformation that can lead once to conditions under which catalyst system aging
increases the catalyst system activity and/or reduces the polymer production in the oligomerization to
within some user and/or process desired range of values. It is contemplated that given the benefits of this
disclosure and using routine cxperimentation one having ordinary skill in the art can modify the
methodologies disclosed herein to alter the catalytic system activity of a disclosed catalyst system and/or
reduce the amount of polymer produced in an oligomerization process to a desired value or range. Such

modifications fall within the scope of this disclosure.

1002331 It has also been discovered that when the metal alkyl is an alumoxane, aging the alumoxane
can improve aspects of the oligomerization. For example, it has been observed that aging the alumoxane
prior to its contact with the other components of the catalyst system can decrease the amount of polymer
produced i the oligomerization process. I some embodiments, any process for preparing the catalyst
systemt described herein and/or any oligomerization process described herein can mclude a step (or steps)

for aging an alumoxane,

{60234 In an embodiment, the ahimoxane can be aged at ambient temperature (15 °C - 35 °C - no
external heat source) for at least 60 days; at least 120 days; at least 180 days; or at least 240 days. In
some erabodiments, the alumoxane can be aged for up to 1,440 days; up to 1080 days; up to 900 days; or
up to 720 days. 1o some embodiments, the alumoxane can be aged at ambient temperatare (15 °C - 35 °C
- n¢ external beat source) from 60 days to 1,440 days; from 128 days to 1088 days; from 180 to 900 days;
or from 240 days to 720 days. QOther, alamoxane aging times at ambient temperature are readily apparent
form the present disclosure. In some embodiments, the alumoxane can be aged under an inert

atmosphere.

1002358} The aging of the alumoxane can be performed at ¢levated temperature. 1t has been discovered
that the aging of the alumoxane at elevated temperature can reduce the time need to achieve the benefits

observed when the aged alumoxane 1s utilized in a catalyst system. In an embodiment, the alumoxane can
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be aged at a teoperature from 30 °C to 100 °C; from 35 °C to 90 °C; from 40 °C 1o B0 °C; or 45 °C to 70
°C. In an embodiment, the alumoxane can be aged at any elevated temperatare disclosed herein for at
feast 12 hours; at least 18 hours; at least 24 hours; or at least 36 hours. In an embodiment, the alomoxane
can be aged at any clevated temperature disclosed herein for ap to 360 days; up to 270 days; up tolg0
days; or up to 90 days. In some embodiments, the alumoxane can be aged at any clevated temperature
disclosed herein for a time ranging from any minioum alumoxane aging time disclosed berein to any
maximum alemoxane aging time disclosed herein. In a nop-limiting example the alumoxane can be aged
at any elevated temperature disclosed herein for a time ranging from 12 howrs to 360 days; alternatively,
from 12 howrs to 270 days; alternatively, from 18 hours to 270 days; or alternatively, from 18 hoaors to
180 days. Other alumnoxane aging tirnes at clevated temperatures are readily apparent from the present

disclosure. In some embodiments, the alumoxane can be aged vader an inert atmosphere.

180236} In an embodiment, any aging of the slumoxane described herein can provide any reduction
in the percentage of polymer produced by the oligomerization process described herein. In some
embodiments, any aging of the alumoxane described herein can reduce the amount of polymer produced

in an oligomerization process by at least 20 %; at least 40 %,; at least 60 %; at least 70 %; at least 75 %%; at

least 80} %; or at least 85 %.

{06237} In an embodiment, a calibration curve can be produced depicting the catalyst system polymer
production of any catalyst system described herein utilizing an aged alumoxane in response to one or
more alumoxane aging variables {e.g., tirme, temeperature, or time and teoperature). [o some
embodiments the alumoxane aging calibration curve can be depicted graphically as a function of an
alumoxane aging variable(s) (e.g., time, temperature, or time and temperature); alternatively, the
cahbration corve can be depicted as a predictive equation of an ahimoxane aging variable(s) {(e.g., time,
temperature, or time and temperature). The graphical representation and/or predictive equation relating
catalyst systern polyrmer production in response to alumoxane aging can be utilized to adjust one or more
user and/or process parameters based upon the interpolation or extrapolation of the graphical
representation or predictive equation. It 1s contemplated that in some aspects, the extent to which the
polymer production of the catalyst system decreases with respect to alamoxane aging can fall cutside the
mstantly disclosed ranges and can be larger than would be expected based on the presently disclosed
values depending on the conditions under which alumoxane 1s aged. For exarople, the catalyst system can
be subjected to aging for time periods that are longer than those presently recited and/or at temperatures
greater than those presently recited. The effects of ahumoxane aging under such conditions can be subject
to the herein mentioned analysis to provide predictive information that can lead to conditions under which

alumoxane aging can reduce the polymer production of the catalyst system in the oligomerization. Itis
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contemplated that given the benefits of this disclosure and using routine expertmentation one haviog
ordinary skill in the art can modify the methodologies disclosed herein to alter a reduction in the amount
of polymer produced in an oligomenzation process. Such modifications fall within the scope of this

disclosure.

180238] Various aspects and embodiments described herein refer t0 non-hydrogen substituents (or
afteroatively, substifuent or substituent group). FEach non-hydrogen substituent can be a halide, a
hydrocarbyl group, or a hydrocarboxy group; alternatively, a halide or a hydrocarbyl group; alternatively,
a halide or a hydrocarboxy group; altematively, a hydrocarbyl group or a hydrocarboxy group;
afternatively, a halide; alternatively, a hvdrocarbyl group; or alternatively, a hyvdrocarboxy group. Each
non-hydrogen substituent of any aspect ot embodiment calling for a substituent iodependently can be a
halide, a C, to Cy, hydrocarbyl group, or a C to C hydrocarboxy group; alternatively, a halide ora € to
C o hydrocarbyl group; slternatively, a halide or a € to C, hydrocarboxy group; alternatively, a C, to Ciy
hydrocarbyl group or a C, to Cyp hydrocarboxy group; altematively, a halide; alternatively, a C, to Cjg
bydrocarbyl group; or alternatively, a C, to Cy, hydrocarboxy group. [n other embodiments, each non-
hydrogen substituent of any aspect or ernbodiment calling for a substituent jodependently can be a halide,
a C; to Cs hydrocarbyl group, or a C to s hydrocarboxy group; alternatively, a halide or a2 C; to (s
hydrocarbyl group; alternatively, a halide or a C, to Cs hydrocarboxy group; alternatively, a C, to Cs
hydrocarbyl group or a C, to Cs hydrocarboxy group; aiternatively, a halide; alternatively, a C, to Cs

bydrocarbyl group; or alternatively, a C; to Cs leydrocarboxy group.

{00239  In an crobodument, cach halide substituent of any aspect or embodiment calling for a
substituent independently can be a fluoride, chioride, bromide, or iodide; alternstively, a fluonde or
chioride. In some embodiments, each halide substituent of any aspect or embodiment calling for a
substitoent ndependently can be a fluonde; alternatively, a chioride; alternatively, a bromude; or

alternatively, an iodide.

{00240} In an cmbodiment, cach hydrocarbyl substituent of any aspect or embodiment calling for a
substituent independently can be an alkyl group, an aryl group, or an aralkyl group; alternatively, an atkyl
group; alternatively, an aryl group; or alternatively, an aralkyl group. Io an embodiment, each alkyl
substituent of any aspect or embodiment calling for a substituent independently can be a methy! group, an
ethyl group, an o-propy} group, an isopropy} group, an n-butyl group, a sec-butyl group, an isobuty!
group, a tert-butyl group, an n-pentyl group, a 2-pentyl group, a 3-pentyl group, a 2-methyl-1-butyt group,
a tert-pentyl group, a 3-methyl-1-butyl group, a 3-methyl-Z-butyl group, or a nec-peatyl group;

afternatively, a methyl group, an ethyl group, an isopropyl group, a tert-butyl group, or a neo-pentyl
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group; alternatively, a methyl group; alternatively, an ethyl group; alternatively, ao isopropyl group;
alterpatively, a tert-butyl group; or alternatively, a nco-pentyl group. In an embodiment, gach aryl
substituent of any aspect or embodiment calling for a substituent independently can be phenyl group, a
tolyl group, a xylyl group, or a 2.4,6-trimethyiphenyl group; alternatively, a phenvl group; alternatively, a
tolyl group; altemnatively, a xylyl group; or altemnatively, a 2.4.6-trimethylpheny!l group. In an
embodiment, cach aralkyl substituent of any aspect or embodiment calling for a substituent independently
can be benzyl group or an cthylphenyl group (2-phenyleth-1-vi or i-phenyleth-1-vl); alternatively, a
benzyl group; alternatively, an ethylphenyl group; alternatively a 2-phenyleth-1-vl group; or alternatively,

a 1-phenyieth-1-yl groop.

[802411  In apn embodiment, each hydrocarboxy substituent of any aspect or embodiment calling for a
substituent independently can be ap atkoxy group, an aryloxy group, ot an aralkoxy group; altematively,
an atkoxy group; alternatively, an aryloxy group, or an aralkoxy group. In an crmbodiment, each alkoxy
substituent of any aspect or embodiment cailing for a substituent can be a methoxy group, an ethoxy
group, an n-propoxy group, an iSOpropoxy group, an n-butoxy group, a sec-butoxy group, an isobutoxy
group, & tert-butoxy group, an n-penioxXy group, a 2-penioxy group, a I-pentoxy group, a 2-methyl-1-
butoxy group, a tert-pentoxy group, a 3-methyl-1-butoxy group, a 3-methyl-2-butoxy group, or 3 neo-
pentoxy group; alternatively, a methoxy group, an ethoxy group, an isopropoxy group, a tert-butoxy
group, or a& neo-penioxy group; alternatively, a methoxy group; alternatively, an ethoxy group:
alternatively, an isopropoxy group; altematively, a tert-butoxy group; or alternatively, a neo-pentoxy
group. in an embodinent, cach aryloxy substitaent of any aspect or embodiment calling for a substituent
independently can be phenoxy group, a toloxy group, a xyloxy group, ot a 2,4,6-trimethylphenoxy group;
alternatively, a phenoxy group; alternatvely, a toloxy group; alternatively, a xvloxy group; or
alternatively, a 2 4,6-trimethylphenoxy group. In an embodiment, each aralkoxy sabstituent of any aspect

or embodiment calling for a substituent independently can be beazoxy group.

1002421  In an cmbodiment, noo-hydrogen substituents (or alternatively, substituent or substituent
group) which can be utilized in various aspects or embodiments can be a trihydrocarbylsilyl group.
Generally, each hydrocarbyl group of the tnhydrocarbylsilyl group independently can be any hydrocarbyl
group {general or specific) which has be disclosed herein as a non-hydrogen substituent.  In some
embodiments, the trihydrocarbylsilyl group which can be utilized as a substituent can be a mimethylsiivi
eroup, a tricthylsidyl group, a tripropylsiiyl group, a triphenyisilyl group, or a tribenzyisityl group;
alternatively, a tnmethylsidyl group, a inethylsibyl growp, or a tripropyisilyl group; alternatively, a
trimethylsiiyl group; altematively, a triethylsilyl group; alternatively, a tripropylsilyl group; alternatively,

a triphenyisilyl group; or alternatively, a tribenzylsity! group.
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1802431 In an cmbodiment, non-hydrogen substituents (or alternatively, substituent or substituent
group) which can be utilized in various aspects or embodiments can be a trthydrocarbylsitoxy group.
Generally, each hydrocarbyl group of the tnhydrocarbylsiloxy group independently can be any
hydrocarbyl group {(general or specific) which has be disclosed hercin as a non-hydrogen sobstituent. In
some embodiments, the trihydrocarbylsiloxy group which can be utilized as a substituent can be a
trimetivylsiioxy group, a tricthyisidoxy group, a tripropyisiloxy group, a #ripbenylsiloxy group, or a
tribenzylsiloxy group; alternatively, a trimethyvisiloxy group, a trethyisiloxy group, or a tripropylsiloxy
group; alternatively, a trimethylsiloxy group; alternatively, a triethylsiloxy group; alternatively, a

tripropylsiloxy group; alternatively, a triphenylsiloxy groop; or alternatively, a inbenzylsiloxy group.

Solvents

[80244] The processes and methods described herein can utilize one or more solvents. Solvents which
can be utilized in aspects and/or embodiments of the present disclosure include without limitation
hydrocarbons, halogenated hydrocarbons, ethers, carbonates, esters, ketones, aldchydes, alcohols, nitnles,
and combinations thereof. Some aspects and/or embodiments and aspects of this disclosure can call for a
polar solvent. Polar solvents which can be utilized include without hmitation ethers, carbonates, esters,
ketones, aldchydes, alcobols, nitriles, and muxtures thercof; alternatively, cthers, carbonates, csters,
ketones, aldehvydes, aleohols, mitriles, and mixtures thereof; alternatively, ethers, esters, ketones, alcshols,
nitriles, and muxtures thercof; alternatively, cthers; alternatively, carbonates; alternatively, esters;
alternatively, ketones; alternatively, sldehydes; altematively, alcohols; or altematively, nitriles. Some
aspects and/or embodiments of this disclosure can call for an aprotic polar solvent. Aprotic polar solvents
which can be utilized include without himitation cthers, csters, ketones, aldchydes, nitriles, and mixtures
thercof, alternatively, cthers, mitriles and mixtures thercof; alternatively, esters, ketones, aldehydes and
mixtures thereof, alternatively, cthers; altematively, csters; alternatively, ketones; alternatively,
aldebydes; or alternatively, nitriles,  Other aspects and/or emboduents of the disclosure can call for a
non-polar solvent.  Non-polar solvents include without Hmitation hydrocarbons, halogenated
hydrocarbons, or wmuxtares thercof, alternatively, a hydrocarbon; or alternatively, a8 halogenated
hydrocarbon. Yet other aspects and/or embodiments of the present disclosure can call for a solvent that is
substantially unreactive with a metal alkyl. Solvents which are unreactive with a metal alkyl mclude
without limutation cthers, hydrocarbons, and mixtures thereof, alternatively, cthers; or alternatively,

bydrocarbons.

{60245] Hydrocarbons and halogenated hydrocarbon can include, for example, aliphatic hydrocarbons,

aromatic hydrocarbons, petroleam distillates, halogenated aliphatic hydrocarbons, halogenated aromatic
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hydrocarbous, or combinations thercof, altornatively aliphatic hydrocarbouns, aromatic hydrocarbous,
halogenated aliphatic hydrocarbons, halogenated aromatic hydrocarbons, and combinations thereof]
alternatively, aliphatic hydrocarbons; alternatively, aromatic hydrocarbons; alternatively, halogenated
aliphatic hydrocarbons; or alternatively, halogenated aromatic hydrocarbons..  Aliphatic hydrocarbons
which can be usefid as a solvent inchude C; to Ty aliphatic hydrocarbons; altematively C4 to C5 aliphatic
hydrocarbous; or altematively, Cs to Cye aliphatic hydrocarbons. The aliphatic hyvdrocarbons can be
cyelic or acyclic and/or can be linear or branched, unless otherwise specified. Non-himiting examples of
suttable acyclic aliphatic hydrocarbon solvents that can be utilived singly or in any combination include
propane, iso-butane, n-butane, butane (n-butane or a mixture of linear and branched C, acyclic aliphatic
bydrocarbons), pentane (n-pentane or a mixture of linear and branched Cs acyclic aliphatic
hydrocarbons), hexane (n-hexane or mixture of linear and branched Cs acyclic ashiphatic hydrocarbons),
heptane (n-heptane or mixture of inear and branched C, acyclic aliphatic hydrocarbons), octane (n-octane
or a mixture of hinear and branched C; acyclic aliphatic hydrocarbons), and combinations thereof;
ahternatively, iso-butane, n-butane, butane (n-butane or a mixture of linear and branched €, acyclic
afiphatic hydrocarbons), peotane (nepentape or a vuxture of Unear and branched Cs acychic aliphatic
hydrocarbons), hexane (n-hexane or mixture of linear and branched Cg acyclic aliphatic hydrocarbons},
heptane (n-heptane or mixture of hinear and branched C; acyclic aliphatic hydrocarbons), octane (n-octane
or a muxture of hnear and branched C; acyclic aliphatic hydrocarbons), and combinations thercof;
ahternatively, iso-butane, n-butane, butane (n-butane or a mixture of linear and branched €, acyclic
afiphatic hydrocarbons), peotane (nepentape or a vuxture of Unear and branched Cs acychic aliphatic
hydrocarbons), heptane (n-heptane or muxture of linear and branched €, acyclic aliphatic hydrocarbons),
octane {n-octane or a mixture of linear and branched C; acyclic ahphatic hydrocarbons), and
combinations thereof, alternatively, propase; alternatively, iso-butane; alternatively, n-butane;
alternatively, butane (n-butane or 2 muxture of hinear and branched C, acyclic aliphatic hydrocarbous);
afteroatively, peotase (n-pentane ot a mixture of linear and branched (s acyclic aliphatic hydrocarbons) ;
alternatively, hexane (n-hexane or mixture of linesr and branched (¢ acyclic aliphatic hydrocarbons);
alternatively, heptane (n-heptane or muxture of lincar and branched C; acyclic aliphatic hydrocarbons); or
alternatively, octane (n-octane or a mixture of bnear and branched Cs acyclic aliphatic hydrocarbons).
Non-Bmiting exaoples of suitable cyclic aliphatic hydrocarbon solvents include cyelohexane, methyl
cyclohexane; alternatively cyclohexane; or alternatively, methyleyciohexane, Aromatic hydrocarbons
which can be usefnl as a solvent include Cg to Oy aromatic hydrocarbons; or alternatively, Cs to Cyp
aromatic hydrocarbons. Non-himiting examples of suitable aromatic hydrocarbons that can be atilized

singly or in any combination nclude benzene, toluene, xviene (including ortho-xylene, meta-xylene,
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para-xyiene, or muxtures thereof), and cthylbenzene, or combinations thereof, alternatively, benzene;
alternatively, toluene; alternatively, xylene {including ortho-xylene, meta-xylene, para-xylene or mixtures

thereot); or alternatively, ethylbenyene.

{80246] Halogenated aliphatic hydrocarbons which can be usefid as a solvent include C) to Cs
halogenated aliphatic hydrocarbous; alternatively, € to C)¢ halogenated alipbatic hydrocarboos; or
alternatively, C| to Cs halogenated aliphatic hydrocarbons, The halogenated aliphatic hydrocarbons can
be cyclic or acyelic and/or can be hinear or branched, unless otherwise specified. Non-limiting examples
of suwitable halogenated aliphatic hydrocarbons wiuch can be ohibized mclude methyiene chionde,
chioroform, carbon tetrachioride, dichioroethane, trichloroethane, and combinations thereot; altomatively,
methvlene chloride, chloroform, dichlorocthang, trichlorocthane, and combinations thereof; alternatively,
methylene chloride; alternatively, chloroforny  alternatively, carbon  tetrachloride;  altematively,
dichlorocthane: or alternatively, trichlorocthane. Halogenated aromatic hydrocarbons which can be
oseful as a solvent include Cs to o halogenated aromatic hydrocarbons; or alternatively, Cs to Cpp
halogenated aromatic hydrocarbons.  Nonm-limiting examples of suitable halogenated aromatic
hydrocarbons  tnchude chiorobenzene, dichiorobenzene, and combinations thereof, alternatively

chiorobenzene and dichlorobenzene.

{00247% EHthers, carbonates, esters, ketones, aldehydes, or alcohols which can be useful as a solvent
mclude s to Cog cthers, carbonates, esters, ketones, aldehydes, or alcohols; alternatively, Cs to Cp cthers,
carbonates, csters, ketones, aldchydes, or alcohols; or alternatively, C, to Cs cthers, carbonates, estors,
ketonges, aldehydes, or alcohols. Suitable ether solvents can be cyclic or acyclic. Nou-limiting exampies
of suitable ethers which can be useful as a solvent include dimethyl other, diethyl ether, methyl ethyi
cther, monoethers or dicthers of glycols {e.g, dimethyl glycol ether), farans, substituted furans,
dihydrofuran, substituted dihydrofurans, tetrahydrofuran  (THF), substituted tetrahydrofurans,
tetrahyydropyrans, substituted tetrahydropyrans, 1,3-dioxanes, substiuted 1,3-dioxanes, 14-dioxanes,
substituted 1,4-dioxanes, or mixtures thercof. In an cmbodiment, cach substituent of a substituted furan,
substituted dibydrofuran, substituted tetrahydrofuran, substituted tetrahydropyran, substituted 1,3-
dioxane, or substituted 1,4-cdioxane, can be a C, to Cs alkyl group. € to Cs alkyl substituent groups are
disclosed herein and can be uhilived without himitation of further describe the substituted tetrahvdrofuran,
dibydrofuran, furan, 1,3-dioxane, or 1,4 dioxane solvents, Non-limiting examples of suitable carbonates
which can be utibized as a solvent wnclude ethylene carbonate, propylene carbonate, dicthyl carbonate,
diethyl carbonate, glycerol carbonate, and combinations thereof. Non-limmting examples of suitable esters
which can be otilized as a solvent include ethyl acetate, propyl acetate, butyl acetate, isobutyl 1sobotyrate,

methyl lactate, ethyi lactate, and combinations thereof. Non-Houting cxampies of suitable ketones which
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can be utdized as a solvent include acetone, othyl methyl ketone, methyl isobutyl ketone, and
combinations thereof. Non-limiting examples of suitable alcohols which can be utilized as a solvent
mclude methanol, ethanol, propanol, isopropanct, n-butanol, 1sobutanol, pentancl, hexanol, heptanol,

octanol, benzyl alcohol, phenol, cvclohexanol, and the like, or combinations thereot.

[60248] Wiule the present disclosure presents various aspects and embodiments as independent
clements, one can readily recoguize that these aspects and embodiments can be combined to form
additional aspects and emboduments. Some nop-limiting combinations of aspects and embodiments are
herein presented as exemplary combinations. These exemplary combinations are not to be construed as
the only combinations of aspects and embodiments of the concepts present herein which can be
epvisionad and/or supported by the present disclosure,  All combinations of the various aspects and

embodiments disclosed herein are fully contemplated by the present disclosure.

{00249} In a first embodiment, the present disclosure includes a composition comprising an N*-
phosphinyl guanidine metal salt complex comprising a chromiom salt complexed to an N -phosphinyl
suanidine compound.  In a second embodiment, the present disclosure includes the composition of the
first embodiment wherein the N*-phosphinyl gnanidine metal salt complex has a Structure CrGul wherein
R'is a C, to Ty organyl group, R™ and R independently are C, to Cx organyl groups consisting
essentially of inert functional groups, R’ is hydrogen or a C to Cyg organyl group consisting essentially of
inert functional groups, R and R’ cach independently are O to Oy organyl groups consisting essentially
of inert functional groups, CrX, represents a chromium salt where X is a monoanion, and p ranges from: 2
to 6, and QQ 15 a neutral ligand, and g ranges from 0 t0 6. In a third embodunent, the present disclosure
includes the composition of the second embodiment wherein a) R’ and R™ can be joined to form a ring or
a ring system, b) R* and R™ can be joined to form a ring or a ring system, ¢} R” and R’ can be joined to
form a ring or a ring system, or d) R' and R™ can be joined to form a ring or a ring system and R” and R’
can be joined to form a ring ot a ring system. In a fourth embodimen, the present disclosure includes the
composition of the first or the second embodiments, wherein the N'-phosphinyl guanidine metal salt
complex has Structure CrGu2 wherein L' is a €, to €5 organylene group consisting of inert functional
groups (or alternatively, a O to C,s hydrocarbylene groups), R is hydrogen or a € to Cay organyl group
consisting essentially of inert functional groups (or a {, to (s hydrocarbyl group), RY and R
tndependently are C,; to Uy organyl groups consisting essentially of inert functional groups {or € to Csyg
hydrocarbyl groups),CrX, represents a chromium salt where X i3 a monocanion and p ranges from 2 to 6,
( is a neutral ligand, and q ranges from {} to 6; alternatively, wherein the N'-phosphinyl guanidine metal
salt complex has Structure CrGGu3 wherein R' is a € to Oy organyl group consisting cssentiaily of inert

- . ’ ~ . 3. N gt e
fonctional groups {or a ) to Cs hydrocarbyl group), L7 s a & o €5 organylene group coonsisting of
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inert functional groups (or alternatively, a C, to €5 hydrocarbylene groups), R and R’ independently are
C| to Cso organyl groups consisting essentially of inert functional groups {or €, to Csp hydrocarbyl
groups),CrX, represents a chromium salt where X 18 a monoanion and p ranges from 2 to 6, QQ 1s a neutral
ligand, and g ranges from 0 to 6; alternatively, wherein the N’-phosphiny! guanidine metal salt complex
has Structure CrGud wherein LY and L” independently are C, to €5 organylene group consisting of inert
functional groups {or alternatively, hydrocarbylene groups), R* and R’ independently are C; to s
organyl groups consisting essentially of inert functional groups {or Ci to Cy hydrocarbyl groups), CrX,
represents a chromium salt where X is a monoanion and p ranges from 2 to 6, (¥ i3 a neutral ligand, and g
ranges from 0 to 6; alternatively, wherein the N -phosphinyt guanidine metal salt coraplex has Structure
CrGus wherein R' s a € to Oy, organyl group consisting cssentially of inert functional groups (ora Cs to
Coo hydrocarbyl group), L™ is a Cs to Ty organylene group cossisting of inert functional groups (or
alternatively, a C, to €5 hydrocarbylene groups), R is hydrogen or a C| to Cs, organyl group consisting
essentially of inert functional groups {or a € to Cso hydrocarbyl group), R* and R independently are C,
to Cyp organyl groups consisting essentially of inert functional groups (or C, to Ty hydrocarbyl groups),
CrX, represents a chromium salt where X is a monoanion and p ranges from 2 to 9, Q is a neutral ligand,
and g ranges from O to 6. In a fifth embodiment, the present disclosure includes the composition of the
first embodiment wherein the chromium salt comprises a chromiam{Ill) carboxvlate, a chromiom(IIl) B-
diketonate, or a chromum{HI} halide; or alternatively, the composition of the second throagh the fourth
embodiments wherein X is a carboxylate, a B-diketonate, or a halide, and p 18 3. In a sixth embodiment,
the present disclosure includes the composition of the first embodiment wherein the chromium salt
comprises a chromivm(ill) halide; or alternatively, the composition of the second through the fowrth
embodiments wherein X is a halide, and p 15 3. In a seventh embodiment, the present disclosure mchides
the composition of the second through the sixth embodiments wherein Q comprises a C) to Cy nitrile ora
Cy to Cyp cther. In a cighth embodiment, the present disclosure inchides the composition of the second
through the fourth embodiments wherein CeX, conmprises a chromiuvm{Ill) halide and each Q
wdependently 18 a C; to Ty aliphatic acyclic ether or a C5 to Gy aliphatic cyclic ether. In a ninth
embodiment, the present disclosure includes the composition of the first embodiment wherein the N*-
phosphinyl guanidine metal salt complex has Structure CrCls « THF Gu |, Structure CrCls « THF Gu Vi,
or Structure CrCly » THF Gu X1 alternatively, Structure CrCly « THF Gu [ altersatively, Structure Crlhy

« THF Gu V1L or alternatively, Structure Crll; » THF Gu X1
{80258 o a tenth embodiment, the present disclosure inchudes a catalyst systemn composition
comprising a) an N-phosphinyl guanidine metal salt complex described in any of first through the ninth

embediments, and b) a metal alkyl compound. o an eleventh embodiment, the present disclosure
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tocludes the catalyst system composition of the tenth embodiment wherein the metal atkyl compound
comprises an aluminoxane. In a twelfth embodiment, the present disclosure includes the catalyst system
composition of the cleventh embodiment wherein the alomimoxane comprises methylahiminoxane
{MAG}, modified methylaluminoxane (MMAQ), ethylaluminoxane, n-propylalominoxane, iso-propyl-
alummosxane, n-butylalumunoxane, sec-butylahmninoxane, iso-butylalumunoxane, t-butyl ahuminoxane, 1-
pentylalurninoxane, 2-pentylaluminoxane, I-pentylaluroinoxane, so-pentyialuminoxans,
neopentylalominoxane, and mixtures thereof. In a thirteenth embodiment, the present disclosure includes
the catalyst system composition of the tenth embodiment wherein the alominoxane comprises modified
methylaluminoxane (MMAGQG); or altematively, the catalyst system composition of the eleventh
embodiment wherein the alununoxane comprises modified methylaluminoxane (MMAO). 1n a fourteenth
embodiment, the present disclosure tncludes the catalyst system conmposition of the eleventh through
thirteenth embodiments wherein a metal of the metal alkyl compound to chromium of the N -phosphinyl
guamidine metal salt complex molar ratio 1s at least §:1.; or alternatively, wherein an alominum of the

aluminoxane to chromium of the N -phosphinyl guanidine metal salt complex molar ratio is at least 5:1.

{80251} 1o a fificonth eombodiment, the present disclosure includes a process of preparing a catalyst
system composition comprising contacting an N-phosphinyl guanidine metal salt complex described in
any of first through the ninth embodiments and a metal alkyl compound {or alternatively, an
asluminoxane). In a sixteenth embodiment, the present disclosure includes the method of the fiftcenth
embodiment, wherein the catalyst system composition is aged in the substantial absence of an olefin for at
feagt 15 minutes. [n a seventeenth embodiment, the present disclosure ncludes the process of the
sixteenth embodiment, wherein the aged catalyst system composition displays a) increased
oligomerization catalytic activity when compared to an otherwise similar catalyst system that has not
been aged, b) reduced percentage of produced polymer when compared to an otherwise similar catalyst
gystern that bas not been aged, or ¢) increased oligomerization catalytic activity and a reduced percentage

of produced polymer when compared to an otherwise similar catalyst syster that has not been aged.

1002521 In an cighteenth embodiment, the present disclosure includes an oligomerization process
comprising a} contacting i) an olefin, and 1) a catalyst system comprising (a}) an N -phosphuny! guanidine
metal salt complex described v any of first through the ninth embodunents, and (b) a metal alkyl
compound {or alternatively, an aluminoxane), to form an oligomer product and b) recovering an
oligomer; or alternatively, a} contacting 1) an olefin, and i} a catalyst system described in any of tenth
through the fourteenth embodiments, and b} recovenng an oligomer. In a nineteenth embodiment, the
present disclosure includes the process of the cighteenth embodiment, wherein the catalyst system, the

olefin, and hyvdrogen are contacted to form an oligomer product. In a twenticth embodiment, the present
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disclosure includes the process of the eighteenth through the nineteenth embodimsents, wherein the
cligomer product is formed at a temperature ranging from 20°C to 150°C. In a twenty-first
embodiment, the present disclosure includes the process of the eighteenth through the twentieth
embodiments, wherein the olefin comprises ethvlene, and wheremn the oligomer product comaprises a
higuid oligomer product comprising from 60 0 999 wit. % g and G olefins. In a twenty-sccond
embediment, the presert disclosure includes the process of the cighteenth through the twenty-first
embodiments, wherein the olefin comprises ethylene and wherein a Cs oligomer product comprises at
teast 90 wt. % 1-hexene. In atwenty-third embodiment, the present disclosure includes the process of the
cighteenth through the twenty-second embodiments, wherein the olefin comprises ethylene and wherein a
Cy oligomer product comprises at feast 90 wt. % T-octene. In a twenty-fourth embodiment, the present
disclosure includes the process of the nineteenth through the twenty-third embodiments, wherein the
catalyst system, the olefin, and hydrogen are contacted to form an cligomer product, wherein the olefin
comprises cthylene, wherein the oligomer product is formed at an ethylene partial pressure ranging from

150 psig to 2,000 psig and a hydrogen partial pressure ranging from § psig to 400 psig.

(reneral Disclosure Information

{002531  For the purpose of any U.S. national stage filing from this application, all publications and
patents mentioned in this disclosure are incorporated herein by reference m their entireties, for the
purpose of describing and disclosing the constructs and methodologies described i those publications,
which might be used in coonection with the methods of thus disclosure. Any publications and patenis
discussed above and throughout the text are provided solely for their disclosure prior to the filing date of
the present application. Nothing herein s to be construed as an admission that the inventors are not

entitied to antedate such disclosure by virtue of prior invention.

1802841 Unless indicated otherwise, when a range of any tyvpe is disclosed or claimed, for exampie a
range of the number of carbon atoms, molar ratios, teraperatures, and the like, it 18 intended to disclose or
claim individually g¢ach possible momber that such a range could reasonably encompass, including any
sub-~ranges encompassed therein. For example, when describing a range of the mumber of carbon atoms,
each possible individual integral number and ranges between integral numbers of atoms that the range
meludes are encompassed therein, Thus, by disclosing a C; to Cy alkyl group or an alkyl group having
from 1 to 10 carbon atoms or “up to” 10 carbon atoms, Applicants” intent is to recite that the alkyl group
can have 1, 2, 3, 4. 3, 6, 7. 8, 9, or 10 carbon atoms, and these methods of describing such a group are
mnterchangeable. When describing a range of measurements such as molar ratics, every possible number

that such a range could reasonably encormpass can, for example, refer to values within the range with one



WO 2013/184579 PCT/US2013/043902

134

significant digit roore than is present in the end points of a vange. In this example, a mwolar ratio betwean
1.03:1 and 1.12:1 inclodes individually molar ratios of 1.03:1, 1.04:1, 1.05:1, 1.06:1, 1.07:1, 1081,
090, 1L1d, L], and 11201, Applicants” mtent 1s that these two methods of describing the range are
interchangeable. Moreover, when a range of values is disclosed or clatmed, which Applicants ntent to
eflect individually each possible mumber that such a range could reasonably encompass, Applicants also
intend for the disclosure of a range to veflect, and be mterchangeable with, disclosing any and all
sub-ranges and combinations of sub-ranges encompassad therein. In this aspect, Applicants” disclosure of
a C, to Cyp alkyl group s intended to literally encompass a C) to Cg alkyl, a €, to Cs alkyl, a G t0 &
atkyl, a combination of a C, to C; and a Cs to C; alkyl, and so forth. When describing a range in which
the end pomnts of the range have different numbers of significant digits, for example, a molar ratio from
i:1to 1.2:1, every possible nunmber that such a range could reasonably encompass can, for example, refer
to values within the range with one significant digit more than is present in the end point of a range
having the greatest number of significant digits, in this case 1.2:1. In this example, a molar ratio from 1:1
to 1.2:1 iocludes mdividually molar ratios of 1.01, 1.02, 1.03, 1.04, 1.05, 1.06, 1.07, 1.08, 1.09, 1.10,
AL, 132, 113, 134, 115, 116, 117, 118, 1,19, and 1.20, all relative to 1, and any and all sub-ranges
and combinations of sub-ranges encompassed therein.  Accordingly, Applicants reserve the right to
proviso out or exclude any individual members of any such group, incloding any sub-ranges or
combinations of sub-ranges within the group, if for any reason Applicants choose to claim less than the
full measuore of the disclosure, for example, to account for a reference that Applicants are unaware of at

the tune of the filing of the application.

{80255)  In any application before the United States Patent and Trademark Office, the Abstract of this
application 1s provided for the purpose of satisfying the requirements of 37 C.F.R. § 1.72 and the purpose
stated in 37 CF.R. § 1.72(b) “to enable the United States Patent and Trademark Office and the public
generally to determine quickly from a cursory inspection the vature and gist of the techaical disclosure.”
Therefore, the Abstract of this application 1s not intended to be used to construe the scope of the claims or
to limit the scope of the subject matter that is disclosed herein. Moreover, any headings that can be
employed herein are also not intended to be used to construe the scope of the claims or to limit the scope
of the subject matter that 1s disclosed herein. Any use of the past tense to describe an example otherwise
mdicated as constructive or prophetic 18 not intended to reflect that the constructive or prophetic example

has actually been carried out.
180286] The present disclosure is further llustrated by the following examples, which are not to be
construed in any way as iroposing lunitations upon the scope thereof. On the contrary, it is to be clearly

understood that resort can be bad to various other aspects, emboduments, modifications, and equivalents
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thereof which, after reading the description herein, can suggest themselves to one of ordinary skili in the

art without departing from the spirit of the present tavention or the scope of the appended claims.

{80287  The data and descriptions provided in the following examples are given to show particular
aspects and embodiments of the compounds, catalyst systems, and oligomerization and/or polymerization
methods disclosed, and to demonstrate a number of the practices and advantages thereof. The examples
are given as a more detailed demonstration of some of the aspects and embodiments described herein and

are not intended to limit the disclosure or claims in any manner.

EXAMPLES
002588} N'-phosphinyl guanidine metal salt complexes were prepared and  their utility as

oligomerization catalysts evaluated.

suanidine Compound Syntheses

{8025%] Al chenucals and compounds used were purchased from comumercial sources. Diethyl ether
was distitled from sodium-benzophenone to elinunate water and oxygen.  Anhydrous benzene (dry
benzene} was degassed and stored over moelecular sieves. The syothesis of the guanidine compounds
were performed using the general procedure in Li, D.; Guang, J.; Zhang, W.-X.; Wang, Y.: Xi, Z. Org.
Biomol. Chem. 2610, 8, 1816-1820 which iz incorporated herein by reference in s entirety. Table 3
summarizes the amines and carboditmides utilized in guanidine syntheses 1-5 along with the produced

euanidine compounds.

Guenidine Synthesis I — Guanidine A

180268] 2.6 dimethylaniline (20mumel, 2.608ml} was dissolved in 50ml of benvene in a 100mi Schlenk
flask. To  this  solution, N N’-diisopropvicarbodiimide  (20mumol,  3.09ml} and  zinc
trifluoromethanesulfonate (0.6rmmol, 0.2200¢) were also added to give a clear and colorless solution.
This sohution was refluxed for 12 hours. After refluxing the reaction mixture was cloudy but still
colorless. The benrzene solvent was removed and the white solid that remained was dissolved 1n diethyl
sther, filtered, and taken to dryness to give a white powder (4.3951¢, 88.1% yield), NMR (Celg) &: 7.16
{doublet, 2H}, 6.95 (triplet, 1H), 3.17 (broad doublet, ZH), 2.33 (singlet, 6H), 0.87 (broad doublet, 12H)
ppm.

Guuniding Synthesis 2 — Guaniding B

1802611  Aniline (0mmol, 0.9137ml), Zn{OTF), (0.3mumol, 0.1100g), and N N’-diisopropyicarbo-

ditmide (10oumol, 1.546ml) were transferred to a 50ml Schienk flask and dissolved in 25mi of benzene.
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The reaction muxture was refluxed for 72 howrs. The solution changed color from dark brown to
transtucent dark green that began to solidify as the flask was allowed to cool to room tenperature. The
flask was heated to redissolve the mixture and the benzene solvent was removed by vacuam. The product
was isolated by dissolving in warm diethvi ether followed by filtration. The green solution was reduced
in volume vntil solid began to form. The solution was placed n a freezer for 1 howr betore filtering
(1.3320g, 60.7% vicld), NMR (Cey) 5: 7.26 (triplet, 2H), 7.14 (singlet, 2H}, 6.92 (triplet, 1H), 3.64
{broad singlet, 2H), 3.42 (broad muitipiet, 2H}, (.88 (doublet, 13H) ppm.

Guaniding Synthesis 3 — Guaniding C

1802621 2-5-di-tert-butylaniline {10mmol, 2.0533g), a white, powdery solid, Zn{OTF), (0.3mmol,
0.1100g3, and NN -dusopropyloarbediimide (10mumol, 1.5460d) were transferred 0 a 50m! Schlenk flask
and dissolved in 25ml of benzene to give a clear and colorless solution. This solution was refluxed for 12
hours, After refhux the sohution remained colorless but became more translucent. The flask was allowad
to cool to room temperature and solvent was removed under vacuum to give a white solid. This solid was
dissolved in diethy! ether to give a colotless solution with a fine white precipitate and was allowed to stir
for 30 nunutes before filtering to give a clear and colorless filirate. The solvent was removed by vacuum
to give a white powder (3.0534, 92.2 % vield). NMR (CDg) 0: 7.46 (doublet, 2H), 7.01 {doublet, 1H},
6.97 {singlet, 1H)}, 3.68 (broad, 2H), 3.43 (broad doublet, 2H), 1.66 (singlet, YH), 1.30 {singlet, H), 0.94
{doublet, 12H} ppm.

Guaniding Synthesis 4 — Guanidine D

1002631 Guanidine D was prepared in the same manuoer and same milliroolar proportions as described
for the synthesis for Guamdine C. The synthesis provided 4.68g, 94.5 % vield, of Guamdine D. NMR
{CsDsy &1 7.25 (doublet, 1H), 7.19 (doublet, 1H), 6.98 (multiplet, 2H), 3.63 {broad, 2H}, 3.39 (broad, 2H),
2.80 (quartet, 2H), 1.31 {niplet, 3H), 0.90 (doublet, 12H) ppm.

Guenidine Synthesis § - Guanidine E

180264] Guanidine E was prepared in the same manner and same millimolar proportions as described
for the synthesis for Guanidine C. The synthesis provided 5.3461, 97.0 % yield, of Guanidine E. NMR
{Ceg) 6: 7.33 (doublet, 2H), 7.12 {doublet, 2H), 3.68 (broad peak, 4H}), 1.26 (singlet, 9H), 0.92 (doublet,
iZH) ppor
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Table 3 — Avunes, Carboditmides, and Product Guanidine Compounds of Guanidine Syntheses 1-5

Symnthesis Designation Amine Carbodiimide Guanidine
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Synthesis of N-Phosphinyl Guanidine Compounds

1002651  All chemicals and compounds not prepared as disclosed in the hercin Examples were
purchased from commercial sources. The N-phosphinyt guanidine compounds were performed under an
argon atmosphere. Diethyl ether was distilled from sodiim-benzophenone to eliminate water and oxygen.

Anhydrous benzene {dry benzene) were degassed and stored over molecular sieves.

N-Phosphinvi Guanidine Synthesis 1 — N--Phosphinyt Guanidine Structure XIX

[80266] Guanidine A (Gounol, 0.7415g) dissolved in 50mi of diethyi ether in a 100 mi Schlenk flagk to

give a clear and colorless sclution. The reaction mixture was placed in an ice bath under argon purge. A
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10% raolar excess of butyl lthum (2M, 1.65ml} was added drop-wise and the solution was allowed to stir
for 2 howrs at room temperature. A 10% molar excess of p-chlorodiphenylphospbine (3. 3ounol, 0.592mb)
was added in one part. After a few minutes the solution changed from clear and colorless to orange-
vellow with a fine white precipitate suspended 1o solution.  The mixture was filtered to give a clear
solution.  Solvent was removed from the filtrate under vacuum to give viscous yellow o1l (1.3359g,
quantiative vield), NMR (CcDg): & 7.67 (niplet, 4H), 7.13 (owiltiplet, SH), 6.90 (triplet, 1H), 4.51
{multiplet, 1H), 4.32 (doublet, 1H)}, 3.18 {(multiplet, 1H), 2.3% (singlet, 6H}, 1.46 (doublet, 6H), (.46
{doublet, 65 ppm.

N-Phosphinyl Guanidine Synthesis 2 — N--Phosphinyl Guanidine Structure XV

100267 The N’-phosphinyl guanidine compound baving Structure XVII was prepared using the same
procedure and millimolar quantities as utilized in N’-phosphinyl guanidine synthesis lusing chloro-
diisopropylphosphine and Guamdine A as reagents. When p-chlorodiisopropylphosphine was added the
solution remained clear and colorless with fine white precipitate suspended 1o solution. Two filtrations
were necessary to remove the solid from the filtrate to gtve a clear and colorless sclution. The ether was
removed and a clear and colorless oil remained (1.1082, quantitative yield), NMR (CDy): 8 6.94 (singlet,
3H), 3.34 (multiplet, 1H), 3.23 (multiplet, 2H), 3.04 (ouitiplet, 1H), 2.97 (doublet, 1H), 2.51 (singlet,
6H), 1.22 (multiplet, 19H), 6.53 (doublet, 6H) ppm.

N-Phosphinyl Guanidine Synthesis 3 — N--Phosphinyl Guanidine Structure XV

[00268] The N'-phosphiny! guanidine compound having Structure X VI was prepared using the same
procedure millimolar quantities as utilized in N*-Phosphinyl Guanidine Synthesis 1using chlorodiphenyl-
phosphine and Guanidine B as reagents. One molar equivalent each of butyl lithium and chlorodiphenyl-
phosphine were used as reagents. Filtering the reaction mixture removed the lithium chloride salt and
gave a clear, slightly vellow solution. The solvent was removed to give a vellow oil (0.9885g, 48.9 %

Yield). NMR indicated that the product probably consisted of a mixture of isomers.

N-Phosphinvl Guanidine Synthesis 4 -~ N -Phosphinyl Guanidine Structure XX

(002697 The N -phosphinyl guanidine compound having Structure XVII was prepared osing the same
procedure as utilized in N’-Phosphinyl Guanidine Synthesis lusing chlorodiphenylphosphine and

A
7
I

Guanidine C as reagents. Guanidine C (Smamol, 1.6578g) was dissolved in 50 ml of dry diethyl etherin a
100 mi Schienk flask and cooled in an ice bath, Butyllithium (Sramol, 2M, 2.5ml}) was added drop-wise.
After the addition, the mixture was allowed to stir for two hoors at room temperature.  Chlorodiphenyt-

phosphine (Smmol, 0.898%ml) was added 1o one addition. The muxture became slightly vellow and ina
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few nymutes a five white precipitate began to form. The mixture was passed through a fine filtered frit
fonnel to remove the hithium chloride salt and give a clear, light yellow sclution. The solvent was
removed to give a hight vellow powder {(2.3109¢, 89.6 % VYield). NMR (CeDe): 6 7.67 (mulitiplet, 4H),
7.41 (2 singlets, 1H), 7.15 (multiplet, 6H}, 7.20 (nplet, 2H), 7.02 {doublet, 1H), 6.89 (amglet, 1H), 4.00
(muttplet, 1H), 3.79 {sunglet, 2H), 1.63 (snglet, 9H), 1.35 (doublet, 6H), 1.29 (smglet, 9H), 0.79

(doublet, 6H) ppm.

N-Phosphinvl Guanidine Svnthesis § — N--Phosphinyl Guanidine Structure XX

{66276] The N -phosphinyl guanidine compound having Structure XX was prepared using the same
procedure as utilized in N™-Phosphinyl Guanidine Synthesis 1 using chlorodiphenyiphosphine and
Guanidine I3 as reagents. Guanidine D {Smmnol, 1.23732) was dissolved 1o dry diethyt ether, cooled 1o an
ice bath, and treated with butyl bithivm (ZM, 2.5ml}). After complete addition, the mixture was alfowed to
stir for 2 howrs at room temperature.  Chlorodiphenylphosphine was added, the sohution changed from
green to light yellow with a fine white precipitate, and was allowed to stiv over night. The white lithium
chioride salt was rernoved by vacuoum filtration through a fine fritted filter funnel to give a green-yellow
sofution. The solvent was removed and the compound that rernained began to solidify. The solid was
dissolved in pentane, filterad, and taken to dryness, vielding a greemish-beige solid (1.9474¢g, 90.0%
Yield). NMR (CsDgy: & 7.65 {(triplet, 4H), 7.07 (nwltiplet, 7TH), 6.94 (triplet, 2H), 6.81 (doublet, {H),
4.10 (multiplet, 2H), 3.52 (muduplet, 1H), 2.85 {guartet, 2H), 1.36 (singlet, 2H), 1.33 (singlet, 3H), 1.32
{doublet, 1H), 0.91 (doublet, 2H), 0.67 (doublet, 4H) ppov

No-Phosphinyi Guanidine Synthesis 6 — N--Phosphinyl Guanidine Structure XX1

100278} The N -phosphiny} guanidine compound having Structure XXI was prepared using the same
procedure and nullimolar quantities as utilized N™-Phosphinyl Guanidine Synthesis 1 using chlovo-
diphenyiphosphine and Guanidine E as reagents. The product was a very viscous yellow o1l (1.5047g,

81.1 % Yield). NMR indicated that the product probably consisted of a mixtare of isomers.

No-Plosphinvl Guanidine Synthesis 7 -~ N-Phosphinyl Guanidine Structure VI

{80272] Toarzabicyclo{4.4.01dec-5-ene (5 numol, (1.696¢) was suspended in 50mi of dry diethyl either
under an argon atmuosphere and cooled 10 an e bath, One molar equivalent of butyllithiom (2 M, 2.5ml)
was added drop-wise and the solution was allowed to stir for 2 hours at room teoperature.  The reaction
mixture became mitky white with a fine white precipitate suspanded in solution. After 2 hours, one molar
squuvalent of p-chlorodiisopropylphosphine (Smmol, 0.797ml} was added in one portion and a fine white

precipitate began to form. This mixture was aliowed to stir for one hour at room temperatore. Lithium
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chloride was removed by filtration to give a clear and colorless Gltrate. Seolvent was removed leaving a
clear and colorfess liquad (1.1851g, 92.8 % Yield). NMR (Celks): 6 3.40 {mplet, 2H), 3.31 (multiplet,
2H}, 3.08 (multiplet, 2H), 2.66 (triplet, 2H), 2.52 (riplet, 2H), 1.33 (mudtiplet, 2H}, 1.47 (udtiplet, 2H),
1.25-1.14 (Guultiplet, 12H) ppim.

No-Bhosphinyt Guaniding Synthesis 8 — N'-Phosphinyl Guanidine Structure X1

1002737  The N-phosphinyl guanidine compound having Structure XI was prepared using the same
procedure and millimolar quantities as utilized in N’-Phosphinyl Guanidine Synthesis 7 using chloro-
diphenyiphosphine and triazabicycloi4.4.01dec-5-ene as reagents. After the addition of chiorodiphenyl-
phosphine the reaction muixture became significantly thicker with more precipitate.  The ether was
removed and the white solid was dissolved in dry beozene and filtered. The benzene was removed under
vacuum to give a8 white solid that partially melts under warm conditions (1.2646g, 81.2 % Yield), NMR
(CeDed: & 7.54 (mudtiplet, 4H), 7.12 (muoltiplet, SH), 3.49 {triplet, 2H), 2.88 {triplet, 2H), 2.66 (triplet, 2H),
2.52 (wiplet, 2H), 1.56 (mudtiplet, 2H), 1.29 (multiplet, 2H) ppm

N-Bhosphinvi Guanidine Synthesis 9 — N'-Phosphinyi Guanidine Structure X

100274} The N'-phosphinyl guanidine compound baving Structure X was prepared using the same
procedure and millimolar quantities as utilized in N°-Phosphinyl Guanidine Synthesis 7 asing chloro-
dicyclohexylphosphine and triszabicyelof4.4.01dec-5-ene as reagents.  The product was a hiquid at room
temperature (1.1409g, 71.0% Yield)., NMR (CgDg): 8 3.46 (broad wiplet, 2H), 3.27 (miplet, 2H), 2.94
(broad singlet, 2H), 2.63 (iriplet, 2H), 2.52 {miplet, 2H), 2.02 (broad, 2H), 1.89 (broad mwltiplet, 4H),

1.77 {broad doublet, ZH), 1.68 (broad doublet, ZH}, 1.52-1.33 (broad nwitiplet, 14H) ppm.

No-Phosphinyl Guanidine Synthesis 16 - N--Phosphinyl Guanidine Structure XX

08275]  The N -phosphinyl guanidine compound having Structure XX was propared using the same
procedure and millimolar quantities as utilized in N'-Phosphinyl Guanidine Synthesis 7 using chioro-
diethylphosphine and triazabicyclof4.4.0]dec-5-ene as reagents. The product was a white powder
((.8302g, 83.0 % Yield). NMR (CiDq): 8 3.64 (broad singlet, 2H), 2.73 (broad singlet, 2H}, 2.56 {triplet,

2H), 2.47 (triplet, 2H), 1.71 (broad mudtiplet, 2H), 1.49, (multiplet, 2H), 1.31-1.10 (oultiplet, 10H) ppmu

N-Bhosphinvi Guanidine Synthesis 11 — N°-Phosphinvl Guanidine Structure |

1002761 The N -phosphinyl guanidine conpound having Structure | was prepared using the same
procedure and millimolar qoantities as stilized in N -Phosphinyl Guanidine Synthesis 7 osing chloro-

ditsopropyiphosphine and 1,3-di-o-tolylguanidine as veagents. The product was a viscous ot {1.320¢,
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{broad singlet, 1H}, 2.28 (singlet, 6H), 0.81-0.69 (multiplet, 12H) ppm.

Synthesis of Chromium Trichloride N*-Phosphinyl Guanidine Complexes

1602771 All chemicals and compounds not prepared as disclosed in the herein Examples were
purchased from commercial sources. The N™-phosphinyl guanidine compounds were performed under an
argon atmosphere. Tetrahydrofuran were distilled from sodnmm-benzophenone to eluminate water and

oxygen. Anhydrous pentane, benzene, and toluene were degassed and stored over molecular sieves.

No-Bhosphinyl Guanidine Clhromim  Triciloride Complex Synthesis 1 —N°-Phosphinyl Guanidine

Chronvum Trichloride Complex Structine CrClLGu XX

[80278]  CrCI(THF); (0.5mmol, 0.1873¢) was suspended in 23mi of toluene in a 50ml Schienk flagk to
give a dark purple solution with suspended solids. One molar equivalent of the N -phosphinyl guanidine
compound having Stracture XIX was transferred to the flask, The mixtore was stured for three days and
was then filtered through a fritted funwel and washed with pentane to give a dark green solid (0.1470g,

49.5 % Yield).

N-Phosphiny! Guanidine Chromiun Trichloride Complex Synthesis 2 — N--Phosphinvl Guanidine

Chronnum Trichionde Complex Structure CrChGu XV

1802791 CrCL(THF), (0.5mmol, 8.1873g) was dissolved in 25mi of tetrahydrofiman in a 50mi Schlenk
flask to give a clear, purple solution. One molar equivalent of the N -phosphinyt guanidine compound
having Structure XV was transferred to the flask. The mixture imumediately changed color from clear
and purple to very dark green. The reaction was allowed to stir for one howr to ensure the reaction
continued to completion. The resulting solution was filtered to give a clear solution. The solvent was

removed slowly under vacmim to give a dark green solid (0.5868g, 98.4 % Yield).

No-Phosphinyl Guanidine Chromium Trichioride Complex Synthesis 3 — N -Phosphinyl Guanidine

Chromium Trichicride Complex Structure CrCLGu XVIE

j00288] The N’-phosphiny! guanidine chromium trichloride complex having Stractare XVII was
prepared using the same procedure and mullimolar quantitios as utilized in N*-Phosphinyl Guanidine
Chromium Trichloride Complex Synthesis 2 using the N'-phosphinyl guanidine compound baving

Structure XVIH. The procedure provided a dark blue solid (0.2699g, 85.1 % Yieldl.
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N-Phosphinvl Guanidine Chrominm Trichloride Complex Synthesis 4 — N--Phosphinyl Guaniding

Chromigm Trichloride Complex Structure CrChGu XXH

{60281} The N'-phosphinyl guanidine chromium trichloride complex baving Structure XXII was
prepared using the same procedure and millimolar quantitics as utilized in N*-Phosphinyl Guanidine
Chromium Trichloride Complex Synthesis 1 using the N>-phosphinyl guanidine compound having

Structure XX The procedure provided a blue solid {(G.1007g, 27.6 % Yield).

No-Phosphinvi Guanidine Chromium Trichiovide Complex Svnthesis 5 — N°-Phosphinyl Guanidine

Chromium Trichionde Complex Structure CrCLGu XX

{00282} The N’-phosphinyl guanidine chromium trichloride complex having Structure XX was
prepared using the same procedure and mtlimolar quantities as utifized in N -Phosphinyl Guanidine
hromim Trichloride Complex Synthesis 2 using the N -phosphinyl suanidine compound havin
Ch Trichloride Complex Synth 2 the N’-phosphinyl guanid (i

Structure XX, The procedure provided a dark green solid {0.3066¢g, 92.6 % Yield).

N-Phosphiny! Guanidine Chromium Trichioride Complex Svnthesis 6 — N-Phosphinyl Guanidine

Chronvum Trichloride Comples Structime CrChGu XXI

[00283] The N'-phosphinyl guanidine chromium trichioride complex having Structure XXI was
prepared using the same procedure and millimolar quantities as utilized in N -Phosphinyl Guanidine
Chromium Trichloride Complex Synthesis 2 using the N'-phosphinyl guanidine compound having

Structure XXJ. The procedure provided a green sobid (0.2885¢, 82.5 9% Yield).

No-Phosphinyl Guanidine Chromium Trichioride Complex Synthesis 7 — N -Phosphinyl Guanidine

Chromium Trichioride Complex Stracture CrCLGu VI

j00284] The N'-phosphinyl guanidine chromium trichioride complex having Structure VII was
prepared using the same procedure as utilized in N*-Phosphinyl Guanidine Chromivm Trichloride
Complex Synthesis 2 except the procedure utilized 2.0 mmoles of the N -phosphinyl guanidine compound
having Structure VH and 2.0 mmoles of CrCL(THF);. The procedure provided a greenish- blue solid
{0.8721g, 89.9 % Yield).

N-Phosphiny! Guanidine Chromium Trichioride Complex Svnthesis 8 — N>-Phosphinyl Guanidine

Chronvu Trichionide Complex Structure CrChGu X1

00285} The N'-phosphinyl guanidine chromium trichloride complex having Structure X1 was
prepared using the same procedure as utilized in N -Phosphinyl Guanidine Chromium Trichloride

Complex Synthesis 2 except the procedure ntilized 2.0 mmoles of the N -phosphiny] guanidine compound
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having Structure X1 and 2.0 vuncles of CrCL(THFY. The procedure provided a dark blue solid (1,081,
86.0 % Yield).

No-Phosphinyl Guanidine Chromiuwm Trichlovide Complex Synthesis 9 ~ N°-Phosphinvl Guanidine

Chronnum Trichloride Complex Structure CrClhGu X

[00286] The N'-phosphiny! guanidine chromium trichlotide complex having Structure X was prepared
using the same procedure and millimolar quantities as utilized 10 N*-Phosphinyl Guanidine Chromiom
Trichtoride Complex Synthesis 2 using the N -phosphinyl guamidine compound having Structure X. The

procedure provided a dark blue solid (0.2000g, 72.6 % Yicld).

No-Bosplinyl Guanidine Chromium Trichiovide Complex Syurhesis 18 — N -Phosphinvl Guanidine

Cheomivm Trichioride Complex Stracture CeCLGu XX

00287} The N'-phosphinyl guanidine chromium trichloride complex having Structure XX was
prepared using the same procedure and mullimolar quantities as utilized in N*-Phosphinyl Guanidine
Chromium Trichloride Complex Synthesis 2 using the N'-phosphinyl guanidine compound baving

Structure XX The procedure provided a dark blue solid (0.1590g, 71.3 % Yield).

N-Phosphingl Guanidine Chromium Trichloride Complex Synthesis 11 — N--Phosphinyl Guanidine

Chrongiun Trichlonde Complex Structure CrlhGu d

[00288] The N -phosphinyl guanidine chromium trichloride complex having Strocture [ was prepared
using the same procedure and millimolar quantities as utilized in N°-Phosphinyl Guanidine Chromium
Trichloride Complex Synthesis 2 using the N -phosphinyl guanidine compound having Structure 1. The

procedure provided a dark blue solid (0.2467g, 84.4 %Yicld).

Dlefin Qligomerization

{00289 The N -phosphinyl guanidine compounds and N'-phosphiny! guanidine metal salt complexes
were uttlized as prepared osing the methods deseribed herem. The MMAO-3A (7 wi% aluminum in
heptanes) was utilized as obtained from the chenucal sapplier Akzo-Nobel. The solvents were dued
and/or purified using conventional methods and stored under conditions to Hmit their ability to pick-up
water. o the product analyses, refercoce o an ampount of Cg or s products refer to all oligomer products
having & or 8 carbon atoms, respectively, within the oligomer product. References to weight percent of 1-
hexene or 1-octene refer o the weight percent of 1-hexene or T-octene m the Cg or Ty product portion of

the ohigomer product, respectively {e.g., product purities),
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Ethvlene Qficomerization Run-Standard Method
1802961 A 1L stainless steel reactor was dried under vacuum at 110 °C for at least 8 hours prioy to use.

The reactor was then cooled to 50 °C. o the drybox, a 20 mi glass vial was charged with an
N-phosphinyl guanidine metal salt complex and ethylbenzene (1.0 g). MMAO-3A (3.3g, 7.6 wit% Al
solution in heptanes) was added to the blue heterogencous solution of the N™-phosphinyl metal salt
complex resulting in formation of a yellow solotion. The catalyst system was then allowed to set
overnight (approxiamately 18 howrs). The vellow solution was then added to 0.5 L glass charger
containing 400ml cyclohesane. This solution was removed front the drybox and charged inko the reactor.
Hyvdrogen (30 psig) was added followed by ethyiene (850 psig, fed on-demand). The reaction was
atlowed to proceed for 30 minutes (starting from the introduction of ethylene} at 50 °C. After 30 mimutes,
water cooling was applied to the reactor system. Once the temperature reached 35 °C, the unreacted
ethylene and hydrogen gas was vented to the atmosphere. A liquid sample was collected and analyzed by
GC-F1D; for this run ethythenzene was used as the internal standard. Solids were collected by filtering
the solution and cleaning the reactor walls and cooling coil. The N -phosphinyl guanidine metal salt
complexes and amount of materials utihized for each ethvlene oligomerization are provided are

summarized i Table 4 along with the results of each oligomerization run.

Table 4 — Ethyleoe Oligomerization Ruos

Complex Structure Diesignation CrCly « THF GiCl, « THF  CeCly o THF GiCh s THF
Gu VI Gu X Gu X1 Gul

Catalyst Systern and Oligomerization Parameters

MW complex (g/mole) 484.79 62392 62392 656.01
mg conplex 5 6 6 6
mmol complex 0.0103 0.0096 0.0096 0.0091
mg Cr 0.54 0.50 (.50 0.48
Zé\fgi; ot i;;gheptz;r.iis} " T3 33 33 33
ALCr molar ratio 600 500 600 600
Bulk solvent 0.4 L, cyH 045, cyH 0.4 L, cyH 041, cvH
exn time (nin} 24 20 20 3G
C-Hy (psig) 875 875 875 875
H; (psig) 25 25 25 25

rxu tep ("C) 70 7 76 70

Product Analysis
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CLAIMS

What s claimed:

A composition comprising an N>-phosphiny! guanidine metal salt complex comprising a chromium

salt comploxed to an N'-phosphinyl guanidine compound.

The compaosition of claim 1, wherein the N -phosphiny! guanidine metal salt comples has a general

structure:
RZ':)
RN R
>r‘»-i\\( R’l
VA
R N
ok, R
Qq
wherein:

R’ is a C, to Cs organyl group,

R™ and R™ independently are C, to Cap organyl groups consisting essentiaily of inert functional
groups,

R’ is hydrogen or a C| to Cy organy! group consisting essentially of inert functional groups,

R* and R’ cach independently are €, to Cyp organy! groups consisting cssentially of inert fumctional
groups,

CrX, represents a chromium salt where X 1s a monocanion, and p ranges from 2 to 6, and

(} 1s a neutral ligand, and g ranges from § to 6.

The composition of claim 2, wherein

a)  R'and R™ can be joined to form a ring or a ring system,

b} R¥and R™ can be joined to form a ring or a ring system,

¢)  R™and R’ can be joined to form a ring or a ring system, or

¢ R'and R™ can be joined to form a ring or a ring system and R™ and R can be joined to form a

Ting or a ring systeni.

.. . . ) . vy )
The composition of claim 2, wherein the N -phosphinyl puanidine metal salt complex has the

general structure:
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wherein L'? and 1.7 independently are C, to Cys organylene group consisting of inert functional

Sroups.

The composition of claim 1, wherein the chromium salt comprises a chromium{I) carboxylate, a

chromiun 1) B-diketonate, or & chromuumé [T halide.
The composition of claim 1, wherein the chromium salt comprises a chromuum(ii) halide.
The composition of claim 2, wherein (3 comprises a C; to Ty wtrile or 8 C) to Cyp ether.

The composition of clatim 2, wherein CrX, comprises a chronwum(ll) halide and each Q

independently 1s a C; to Ty aliphatic acyclic ether or a C; to Cyp aliphatic cyclic cther,

The composition of claim | wherein the N -phosphinyl guanidine metal salt complex has the

structure:

" \s N \> \i/j
NH N C-x N[
N v N \P/k N e
S C-Tr- Clxr” \7/ Gt e
o o™ o o csf’pcs b, 4
THE e HF

A catalyst system conposttion comprisiog:
ay  an N-phosphinyl guanidine metal salt complex comprising a chromium salt complexed to an
N -phosphinyl guanidine compound; and

by ametal alkyl compound.

The catalyst system composition of claim 10, wherein the metal alkyl compound comprises an

aluminoxane.

The catalyst systern composition of claim 11, the aluminoxane comprises methvlalumunoxane,

modified methylalunminoxane, ethylaluminoxane, n-propylaluminoxane, iso-propylaluminoxane, n-
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butylaluminoxane, sec-butylaluminoxane, iso-butvialuounoxane, t-butyl alwmwinoxane, 1-pesotyl-
aluminoxane, Z-pentylaluminoxane, 3-pentylahiminoxane, 1so-pentyialimminoxane,

neopentylaluminoxane, and muxtures thereof,

The catalyst system composition of claim 11, wheremn the metal alkyl comprises modified

methylaluminoxane.

The catalyst system composition of claim 12, wherein an aluminom of the aluminoxane to

chromium of the N™-phosphinyl guanidine metal salt complex molar ratio is at least 5:1.

A process of preparing a catalyst system composition comprising contacting an N™-phbosphinyi

cuanidioe metal salt complex and a metal alkyl compound.

The process of claim 15, wherein the catalyst system composition is aged in the substantial absence

of an olefin for at least 15 nunutes.

The process of ¢laim 16, wherein the aged catalyst system composition displays a} increased
oligomerization catalytic activity when compared to an otherwise similar catalyst system that has
not been aged, b reduced percentage of produced polymer when compared to an otherwise similar
catalyst system that has not been aged, or ¢) mcreased oligomerization catalytic activity and a
reduced percentage of produced polymer when compared to an otherwise simlar catalyst system

that has not been aged.

An oligomerization process Comprising:
a)  contacting
iy an olefin, and
1) acatalyst system comprising
(@) N'-phosphinyl goanidine metal salt complex comprising a chromium salt
complexed to an N -phosphinyl guanidine compound, and
(b} ametal alkyl compound,
to form an oligoraer product; and

by  recovering an oligomer.

The process of claim 18, wherein the catalyst system, the olefin, and hydrogen are contacted to form

an oligomer product.
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20, The process of claim 18, wheremn the oligomer product s formed at a temperature ranging {from
p g

20 °Cto 150 °C.

21, The process of claim 18, wherein the olefin comprises ethylene and wherein the oligomer product

comprises a Higuid oligomer product comprising from 60 to 99.9 wt. % Ce and C; olefins.

22. The process of claim 18, wherein the olefin comprises ethylene and wherein a C; oligomer product

comprises at least 90 wt. % 1-hexene.

23.  The process of claim 18, wherein the olefin comprises ethylene and wherein a Cx oligomer product

comprises at least 90 wt. % 1-octene.

24. The process of claim 18, wherein the catalyst system, the olefin, and hydrogen are contacted to form
an oligomer product,
wherein the olefin comprises ethvlene
wherein the ofigomer product is formed at
{a) an ethylene partial pressure ranging from 150 psig to 2,000 psig.
(b} ahydrogen partial pressure ranging from 5 psig to 400 psig, and
{¢) atemperature ranging from 20 °Cto 150 °C, and
wherein the oligomer product comprises a hiquad oligomer product comprising from 60 to 99.9 wt.
% wt. % Ce and Cg olefins, a Cy oligomer product comprises at least 90 wt, % 1-hexene and a Cq

oligomer product comprises at least 90 wt. % 1-cctene.



