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PHOSPHINYL GUANIDINE COMPOUNDS, METAL SALT COMPLEXES, CATALYST 

SYSTEMS, AND THEIR USE TO OLIGOMER1ZE OR POLYMERIZE OLEFINS 

TECHNICAL FIELD 

[0001] This disclosure relates to N'-pliosphinyl guanidine compounds and metal salt complexes of 

Nz-pliosphinyl guanidine compounds. The disclosure also relates to methods of producing the N2-

pliosphinyl guanidine compounds and metal salt complexes of N2-phosphinyl guanidine compounds. The 

disclosure further relates to catalyst systems utilizing the N2-phosphinyl guanidine compounds, metal salt 

complexes of N2-phosphinyl guanidine compounds, and their use in the oligomerization or 

polymerization of olefins. 

BACKGROUND 

[0002] Olefins are important items of commerce. Their many applications include employment as 

intermediates in the manufacture of detergents, as precursors to more environmentally-friendly refined 

oils, as monomers, and as precursors for many other types of products. An important subset of olefins are 

alpha-olefins, and one method of making alpha olefins is via oligomerization of ethylene, which is a 

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

[00031 Applications and demand for olefin oligomers (e.g., alpha olefins) continue to multiply, and 

competition to supply them correspondingly intensifies. Thus, additional novel and improved catalysts 

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

SUMMARY 

[0004] In an aspect, the present disclosure is directed to an Nz-phosphinyl guanidine metal salt 

complex comprising a metal salt compiexed to an N":-pliosphinyl guanidine compound; or alternatively, a 

chromium salt compiexed to an N2~phosphinyI guanidine compound. In another aspect, the present 

disclosure is directed to a composition comprising an N2-phosphinyl guanidine metal salt complex 

comprising a chromium salt compiexed to an N^-phosphinyl guanidine compound. In some 

embodiments, the N2-phosphinyl guanidine metal salt complex can have Structure MGul, Structure 

MGu2, Structure MGu3, Structure MGu4, or Structure MGu5; or alternatively, can have Structure 

CrGul, Structure CrGu2, Structure CrGu3, Structure CrGu4, or Structure CrGu5. In some embodiments, 

where the metal salt is a chromium salt, the chromium salt can comprise a chromiimi(III) carboxylate, a 

chromium(III) P-diketonate, or a chromium(III) halide; or alternatively a chromium(IH) halide. 
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[0005] In another aspect, the present disclosure is directed to a catalyst system comprising an N2-

phosphinyl guanidine metal salt complex comprising a metal salt compiexed to an IsP'-phosptainyl 

guanidine compound and a metal alkyl compound; or alternatively, chromium salt compiexed to an N2-

phosphinyl guanidine compound and a metal alkyl compound. In some embodiments, the metal alkyl 

compound can be an aluminoxane. In some embodiments, aluminoxane can comprise methyl-

aluminoxane (MAO), modified methylaluminoxane (MMAO), ethylaluminoxane, n-propylaluminoxane, 

iso-propylaluminoxane, n-butylaluminoxane, sec-butylaluminoxane, iso-butylaluminoxane, t-butyl 

aluminoxane, I-pentylaluminoxane, 2-pentyIaIuminoxane, 3-pentylaluminoxane, iso-pentylaluminoxane, 

neopentylaluminoxane, and mixtures thereof; or alternatively, modified methylaluminoxane (MMAO). In 

a further aspect, the present disclosure is directed to processes of preparing a catalyst system comprising 

contacting an Nz-phosphinyi guanidine metal salt complex and a metal alkyl compound; or alternatively, 

contacting an N2-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 olefin. 

[0006] In yet another aspect, the present disclosure is directed to an oligomerization process 

comprising a) contacting i) an olefin, and ii) a catalyst system comprising (a) an ]\lz-pliosphinyl guanidine 

metal salt complex (or alternatively, an N2-phospliinyl guanidine chromium salt complex), and (b) a metal 

alkyl 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 comprising 

from 60 to 99,9 wt. % C6 and Cg olefins. In another embodiment where the olefin comprises ethylene, a 

C6 oligomer product can comprise at least 90 wt. % 1-hexene; or alternatively, a C% oligomer product 

comprises at least 90 wt. % 1-octene. 

DETAILED DESCRIPTION 

Definitions 

[00071 To define more clearly the terms used herein, the following definitions are provided. Unless 

otherwise indicated, the following definitions are applicable to this disclosure. If a term is used in this 

disclosure but is not specifically defined herein, the definition from the 1UPAC Compendium of Chemical 

Terminology, 2m Ed (1997) can be applied, as long as that definition does not conflict with any other 

disclosure or definition applied herein, or render indefinite or non-enabled any claim to which that 

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

herein controls. 

[0008] Groups of elements of the Periodic Table are indicated using the numbering scheme indicated 

in the version of the periodic table of elements published in Chemical and Engineering News, 63(5), 27, 

1985. In some instances a group of elements can he indicated using a common name assigned to the 

group; for example alkali metals for Group 1 elements, alkaline earth metals for Group 2. elements, 

transition metals for Group 3-12 elements, and halogens for Group 17 elements. 

[0009] Regarding claim transitional terms or phrases, the transitional term "comprising", which is 

synonymous with "including," "containing," "having," or "characterized by," is inclusive or open-ended 

and does not exclude additional, unrecited elements or process steps. The transitional phrase "consisting 

of excludes any element, step, or ingredient not specified in the claim. 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 middle ground between closed claims that are written in a "consisting of 

format and fully open claims that are drafted in a "comprising" format. Absent an indication to the 

contrary, when describing a compound or composition "consisting essentially of is not to be construed as 

"comprising," but is intended to describe the recited component that includes materials which do not 

significantly alter the composition or process to which the term is applied. For example, a feedstock 

consisting of a material A can include impurities typically present in a commercially produced or 

commercially available sample of the recited compound or composition . When a claim includes different 

features and/or feature classes (for example, a process step, feedstock 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 is utilized and it is possible to have different transitional terms or 

phrases utilized with different features within a claim. For example, a process can comprise several 

recited steps (and other non-recited steps) but utilize a catalyst: system preparation consisting of specific 

or alternatively consist of specific steps and/or utilize a catalyst system comprising recited components 

and other non-recited components. 

[0010] While compositions and methods are described in terms of "comprising" various components 

or steps, the compositions and methods can also "consist essentially of or "consist of" the various 

components or steps. 

[0011] The terms "a," "an," and "the" are intended, unless specifically indicated otherwise, to include 

plural alternatives, e.g., at least one. For instance, the disclosure of "a trialkylalummum compound" is 
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trialkylaluminum compound unless otherwise specified. 

[0012] Herein, features of the subject matter can be described such that, within particular aspects 

and/or embodiments, a combination of different features may be envisioned. For each and every aspect 

and/or embodiment disclosed iierein, all combinations of features that do not detrimentally affect the 

compounds, processes, and/or methods described herein are contemplated with or without explicit 

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, 

[0013] For any particular compound disclosed herein, the general structure or name presented is also 

intended to encompass all structural isomers, conformational isomers, and stereoisomers that can arise 

from a particular set of substituents, unless indicated otherwise. Thus, a general reference to a compound 

includes all structural isomers unless explicitly indicated otherwise; e.g., a general reference to pentane 

includes n-pentane, 2-methyl-butane, and 2,2-dimethylpropane while a general reference to a butyl group 

includes an n-butyl group, a sec-butyl group, an iso-butyl group, and a tert-butyi group. Additionally, the 

reference to a general structure or name encompasses all enantiomers, diastereomers, and other optical 

isomers whether in enantiomeric or racemic forms, as well as mixtures of stereoisomers, as the context 

permits or requires. For any particular formula or name that is presented, any general formula or name 

presented also encompasses all conformational isomers, regioisomers, and stereoisomers that can arise 

from a particular set of substituents, 

[0014] A chemical '"group" is described according to how that group is formally derived from a 

reference or "parent" compound, for example, by the number of hydrogen atoms formally removed from 

the parent compound to generate the group, even if that group is not literally 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 derived by removing two hydrogen atoms from an alkane. 

Moreover, a more general term can be used to encompass a variety of groups that formally are derived by 

removing any number ("one or more") hydrogen atoms from a parent compound, which in this example 

can be described as an "alkane group," and which encompasses an "alkyl group," an "alkylene group," 

and materials have three or more hydrogen atoms, as necessary for the situation, removed from the 

alkane. Throughout, the disclosure that a substituent, ligand, or other chemical moiety can constitute a 

particular "group" implies that the well-known rules of chemical structure and bonding are followed when 
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that group is employed as described. When 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, unless specified otherwise or the context requires otherwise. 

10015] The term "substituted" when used to describe a group, for example, when referring to a 

substituted analog of a particular group, is intended to describe any non-hydrogen moiety that formally 

replaces a hydrogen in that group, and is intended to be non -limiting. A group or groups can also he 

referred to herein as "unsubstituted" or by equivalent terms such as "non-substituted," which refers to the 

original group in which a non-hydrogen moiety does not replace a hydrogen within that group. 

"Substituted" is intended to be non-limiting and include inorganic substituents or organic substituents. 

Moreover, other identifiers or qualifying terms can be utilized to indicate the presence or absence of a 

particular substituent, a particular regiochemistry and/or stereochemistry, or the presence or absence of a 

branched underlying structure or backbone. 

[0016] A guanidine group is a group having the general structure . Within the guanidine 

core, the nitrogen participating in a double bond with the central carbon atom is referred to as the Nl 

nitrogen and the two nitrogen atoms participating in a single bond with the central carbon atom are 

referred to as the N2 nitrogen and the N3 nitrogen. Similarly, the groups attached to the N1, and N3 

nitrogen atoms are referred to as the N1 group, N2 group, and N' group respectively. An N^-phosphinyl 
* 

w . 
isf 

*y , 
guanidine group lias the general structure . Within an INT-phosphinyl guanidine group, the 

nitrogen participating in a double bond with the central carbon atom of the guanidine core is referred to as 

the N1 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 pliosphinyl group is referred to as the N2 

nitrogen, and the remaining nitrogen atom participating in a single bond with the cento! carbon atom of 

the guanidine core is referred to as the N3 nitrogen. It should be noted that a guanidine core or an 

N"-phosphinyl guanidine group can be a portion of a larger group (or compound) which does not contain 

guanidine in it name. For example, while the compound 7-dimethylphosphinylimidazo[l,2-a]imidazole 

could be classified as a compound having an imidazo[l,2-a]imidazole core (or a compound having a 

phosphinyiimidazo[l,2-a]imidazole group), 7-dimethylphosphinyiimidazo[l,2-a]imidazole would still be 

classified as a compound having a guanidine core (or as a compound having an N2-pliosphinyl guanidine 
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group) since it contains the defined general structure of the guanidine core (or the N^-phosphinyl 

guanidine group). 

[0017] The term "organyl group" is used herein in accordance with the definition specified by 

TUPAC: 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, regardless of functional type, derived 

by removing two hydrogen atoms from an organic compound, either two hydrogen atoms from one 

carbon atom or one hydrogen atom from each 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 

compound. 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 is, an organic group can 

comprise functional groups and/or atoms in addition to carbon and hydrogen. For instance, non-limiting 

examples of atoms other than carbon and hydrogen include halogens, oxygen, nitrogen, phosphorus, and 

the like. Non-limiting examples of functional groups include ethers, aldehydes, ketones, esters, sulfides, 

amines, phosphines, and so forth. In one aspect, the hydrogen atom(s) removed to form the "organyl 

group," "organylene group," or "organic group" can be attached to a carbon atom belonging to a 

functional group, for example, an acyl group (-C(O)R), a formyl group (-C(O)H), a carboxy group 

(-C(O)OH), a hydrocarboxycarbonyl group (-C(O)OR), a cyano group (-ON), a carbamoyl group 

(-C(0)NH2), an N-hydrocarbylcarbamoyl group (-C(O)NHR), or N,N'-dihydrocarbylcarbamoyl group 

(-C(0)NR2), among other possibilities. In another aspect, the hydrogen atom(s) removed to form the 

"organyl group," "organylene group," or "organic group" can be attached to a carbon atom not belonging 

to, and remote from, a functional group, for example, -CH2C(0)CH3, -CH2NR2, and the like. An "organyl 

group," "organylene group," or "organic group" can be aliphatic, inclusive of being cyclic or acyclic, or 

can be aromatic. "Organyl groups," "organylene groups," and "organic groups" also encompass 

heteroatom-containing rings, heteroatom-containing ring systems, heteroaromatic rings, and 

heteroaromatic ring systems. "Organyl groups," "organylene groups," and "organic groups" can be linear 

or branched unless otherwise specified. Finally, it is noted that the "organyl group," "organylene group," 

or "organic group" definitions include "hydrocarbyl group," "hydrocarbylene group," "hydrocarbon 

group," respectively, and "alkyl group," "alkylene group," and "alkane group," respectively, as members. 

[0018] For the purposes of this application, the term or variations of the term "organyl group 

consisting of inert functional groups" refers to an organyl group wherein the organic functional group(s) 

and/or atom(s) 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 

compound 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 funcciona] groups" furtiier defines the particular organyl groups 

that can be present within the organyl group consisting of inert 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 variation of the term "organyl group consisting 

of inert functional groups" definition includes the hydrocarbyl group as a member (among other groups). 

Similarly, an "organylene 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 

inert functional groups and an "organic group consisting of inert functional groups" refers to a 

generalized organic group consisting of inert functional groups formed by removing one or more 

hydrogen atoms from one or more carbon atoms of an organic compound consisting of inert functional 

groups. 

[0019] 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 ii) 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 in particular molecules described herein does not 

necessarily complex with a metal salt due to positional relationship of the inert function group within a 

ligand. Thus, the inertness of a particular functional group is not only related to the functional group's 

inherent inability to complex the metal compound but can also be related to the functional group's 

position within the metal salt complex. Non-limiting examples of inert functional groups which do not 

substantially interfere with processes described herein and/or ii) do not complex with the metal salt of the 

metal salt complex can include a halide (fluoride, chloride, bromide, and iodide), nitro, hydrocarhoxy 

groups (e.g, alkoxy, and/or aroxy, among others), and/or hydrocarbosulfidyl groups (e.g., RS-), among 

others. 

[0020] The term "hydrocarbon" whenever used in this specification and claims refers to a compound 

containing 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 

"hydrocarbyl group" is used herein in accordance with the definition specified by IUPAC: a univalent 

group formed by removing a hydrogen atom from a hydrocarbon. Non-limiting examples of hydrocarbyl 

groups include ethyl, phenyl, tolyl, propenyl, and the like. Similarly, a "hydrocarbylene group" refers to a 
group formed by removing two hydrogen atoms from a hydrocarbon, either two hydrogen atoms from one 

carbon atom or one hydrogen atom from each of two different carbon atoms. Therefore, in accordance 
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with the terminology used herein, a "hydrocarbon group" refers 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 cyclic groups, 

and/or can be linear or branched. A "hydrocarbyl group," "hydrocarbylene group," and "hydrocarbon 

group" can include rings, ring systems, aromatic rings, and aromatic ring systems, which contain only 

carbon and hydrogen. "Hydrocarbyl groups," "hydrocarbylene groups," and "hydrocarbon groups" 

include, by way of example, aryl, arylene, arene, alkyl, alkylene, alkane, cycloalkyl, cycloalkylene, 

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

10021] The term "alkane" whenever used in this specification and claims refers to a saturated 

hydrocarbon compound. Other identifiers can be utilized to indicate the presence of particular groups in 

the alkane (e.g., halogenated alkane indicates that the presence of one or more halogen atoms replacing an 

equivalent number of hydrogen atoms in the alkane). The term "alkyl group" is used herein in accordance 

with the definition specified by IUPAC: a univalent group formed by removing a hydrogen atom from an 

alkane. Similarly, an "alkylene group" refers to a group formed by removing two hydrogen atoms from 

an alkane (either two hydrogen atoms from one carbon atom or one hydrogen atom from two different 

carbon atoms). An "alkane group" is a general term that refers to a group formed by removing one or 

more hydrogen atoms (as necessary for the particular group) from an alkane. An "alkyl group," "alkylene 

group," and "alkane group" can be acyclic or cyclic groups, and/or can be linear or branched unless 

otherwise specified. Prima!")/, secondary, and tertiary alkyl groups are derived by removal of a hydrogen 

atom from a primary, secondary, tertian,' carbon atom, respectively, of an alkane. The n-alky! group can 

be derived by removal of a hydrogen atom from a terminal carbon atom of a linear alkane. The groups 

RCH2 (R +• H), R2CH (R T- H), and R3C (R f- H) represent exemplary primary, secondary, and tertiary 

alkyl groups, respectively. 

[0022] A cycloalkane is a saturated cyclic hydrocarbon, with or without side chains, for example, 

cyclobutane. Unsaturated cyclic hydrocarbons having one or more endocyclic double or one triple bond 

are called cycloalkenes and cycloalkynes, respectively. Cycloalkenes 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," "tri, etc ... within the name of the cycloalkene or cycloalkyne. Cycloalkenes and 

cycloalkynes can further identify the position of the endocyclic double or triple bonds. 

[0023] A "cycloalkyl group" is a univalent group derived by removing a hydrogen atom from a ring 

carbon atom of a cycloalkane. For example, a 1 -methylcyclopropyl group and a 2-methylcyclopropyl 

group are illustrated as follows. 
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H2C 

CH 

•CH-

Similarly, a "cycloalkylene group" refers to a group derived by removing two hydrogen atoms from a 

cycloalkane, at least one of which is a ring carbon. Thus, a "cycloalkylene group" includes both a group 

derived from a cycloalkane in which two hydrogen atoms are formally removed from the same ring 

carbon, a group derived from a cycloalkane in which two hydrogen atoms are formally removed from two 

different ring carbons, and a group derived from a cycloalkane in which a first hydrogen atom is formally 

removed from a ring carbon and a second hydrogen atom is formally removed from a carbon atom that is 

not a ring 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 ring carbon) from a 

cycloalkane. It should be noted that according to the definitions provided iierein, general cycloalkane 

groups (including cycloalkyl groups and cycloalkylene groups) include those having zero, one, or more 

than one hydrocarbyl substituent groups attached to a cycloalkane ring carbon atom (e.g., a 

methylcyclopropyl group) and is member of the group of hydrocarbon groups. However, when referring 

to a cycloalkane group having a specified number of cycloalkane ring carbon atoms (e.g., cyclopentane 

group or cyclohexane group, among others), the base name of the cycloalkane group having a defined 

number of cycloalkane ring carbon atoms refers to the unsubstituted cycloalkane group (including having 

no hydrocarbyl groups located on cycloalkane group ring carbon atom). Consequently, a substituted 

cycloalkane group having a specified number of ring carbon atoms (e.g., substituted cyclopentane or 

substituted cyclohexane, among others) refers to the respective group having one or more substituent 

groups (including halogens, hydrocarbyl groups, and/or hydrocarboxy groups, among other substituent 

groups) attached to a cycloalkane group ring carbon atom. When the substituted cycloalkane group 

having a defined number of cycloalkane ring carbon atoms is a member of the group of hydrocarbon 

groups (or a member of the general group of cycloalkane groups), each substituent of the substituted 

cycloalkane group having a defined number of cycloalkane ring carbon atoms is limited to hydrocarbyl 

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 cycloalkane groups). 

[0024] The term "olefin" whenever used in this specification and claims refers to compounds that 

have at least one carbon-carbon double bond that is not part of an aromatic ring or ring sy stem. The term 

"olefin" includes aliphatic and aromatic, cyclic and acyclic, and/or linear and branched compounds 

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

heteroatoms and/or the presence or absence of other carbon-carbon double bonds unless explicitly 

indicated. Olefins having only one, only two, only three, etc... carbon-carbon double bonds can be 

identified by use of the term "mono," "di," "tri," etc ... within the name of the olefin. The olefins can be 

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

[0025] The term "alkene" whenever used in this specification and claims refers a linear or branched 

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

two, only three, etc... such multiple bond can be identified by use of the term "mono," "di," "tri," etc ... 

within the name. For example, aikamonoenes, alkadienes, and alkatrienes refer to a linear or branched 

hydrocarbon olefins having only one carbon-carbon double bond (general formula CnHhn), only two 

carbon-carbon double bonds (general formula CnH2n_2), and only three carbon-carbon double bonds 

(general formula CnIi2n.4), 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 halogen atom, 

[0026] An "alkenyl group" is a univalent group derived from an alkene by removal of a hydrogen 

atom from any carbon atom of the alkene. Thus, "alkenyl group" includes groups in which the hydrogen 

atom is formally removed from an sp2 hybridized (olefinic) carbon atom and groups in which the 

hydrogen atom is formally removed from any other carbon atom. For example and unless otherwise 

specified, 1-propenyl (-CH=CHCH3), 2-propenyl [(CH3)C=CH2], and 3-propenyl (-CH2CH=CH2) groups 

are all encompassed with the term "alkenyl group." Similarly, an "alkenylene group" refers to a group 

formed by formally removing two hydrogen atoms from an alkene, either two hydrogen atoms from one 

carbon atom or one hydrogen atom from two different carbon atoms. An "alkene group" refers to a 

generalized group formed by removing one or more hydrogen atoms (as necessary for the particular 

group) from an alkene. When the hydrogen atom is removed from a carbon atom participating in a 

carbon-carbon double bond, the regiochemistry of the carbon from which the hydrogen atom is removed, 

and regiochemistry of the carbon-carbon double bond can both be specified. Alkene groups can also 

have more than one carbon-carbon double bond. Alkene groups can also be further identified by the 

position of the carbon-carbon double bond. 

[0027] The term "alpha olefin" 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 

Ii 

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 to 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 

heteroatoms and/or the presence or absence of other carbon-carbon double bonds unless explicitly 

indicated. The terms "hydrocarbon alpha olefin" or "alpha olefin hydrocarbon" refer to alpha 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 "linear alpha olefin" by itself does not 

indicate the presence or absence of heteroatoms and/or the presence or absence of other carbon-carbon 

double bonds, unless explicitly indicated. The terms "linear hydrocarbon alpha olefin" or "linear alpha 

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

[0029] The term "normal alpha olefin" whenever used in this specification and claims refers to a 

linear hydrocarbon mono-olefin having a carbon carbon double bond between the first and second carbon 

atom. It is noted that "normal alpha olefin" is not synonymous with "linear alpha olefin" as the term 

"linear alpha olefin" can include linear olefmic compounds having a double bond between the first and 

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

[00301 The term "consists essentially of normal alpha olefm(s)," or variations thereof, whenever used 

in this specification and claims refers to commercially available normal alpha olefin product(s). The 

commercially available normal alpha olefin product can contain non-normal alpha olefin impurities such 

as vinylidenes, internal olefins, branched alpha olefins, paraffins, and diolefins, among other impurities, 

which are not removed during the normal alpha olefin production process. One readily recognizes that 

the identity and quantity of the specific impurities present in the commercial normal alpha olefin product 

will depend upon the source of commercial normal alpha olefin product. Consequently, the term 

"consists essentially of normal alpha olefins" and its variants is not intended to limit the amount/quantity 

of the non-linear alpha olefin components any more stringently than the amounts/quantities present in a 

particular commercial normal alpha olefin product unless explicitly stated. 

[0031] A "heterocyclic compound" is a cyclic compound having at least two different elements as 

ring member atoms. For example, heterocyclic compounds can comprise rings containing carbon and 

nitrogen (for example, tetrahydropyrrole), carbon and oxygen (for example, tetrahydrofuran), or carbon 

and sulfur (for example, tetrahydrothiophene), among others. Heterocyclic compounds and heterocyclic 

groups can be either aliphatic or aromatic. 
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[0032] A "heterocyclyl group" is a univalent group formed by removing a hydrogen atom from a 

heterocyclic ring or ring system carbon atom of a heterocyclic compound. By specifying that the 

hydrogen atom is removed from a heterocyclic ring or ring system carbon atom, a "'lieterocyclyl group" is 

distinguished from a "cycloheteryl group," in which a hydrogen atom is removed from a heterocyclic ring 

or ring system heteroatom. For example, a pyrrolidin-2-yi group illustrated below is one example of a 

"heterocyclyl group," and a pyrrolidin-l-yl group illustrated below is one example of a "cycloheteryl 

group." 

pyrrolidin-2-y 1 pyrrolidin-1 ~y 1 
"heterocyclyl group" "cycloheteryl group" 

Similarly, a "heterocyclyiene group" or more simply, a "heterocyclene group," refers to a group formed 

by removing two hydrogen atoms from a heterocyclic compound, at least one of which is from a 

heterocyclic ring or ring system carbon. Thus, in a "heterocyclyiene 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, including for example, the same heterocyclic ring or ring system 

carbon atom, a different heterocyclic ring or ring system ring carbon atom, or a non-ring carbon atom. A 

"heterocyclic 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 heterocyclic ring carbon atom) from a 

heterocyclic compound. Generally, a heterocyclic compound can be aliphatic or aromatic unless 

otherwise specified. 

[0033] A "cycloheteryl group" is a univalent group formed by removing a hydrogen atom from a 

heterocyclic ring or ring system heteroatom of a heterocyclic compound, as illustrated. By specifying that 

the hydrogen atom is removed from a heterocyclic ring or ring system heteroatom and not from a ring 

carbon atom, a "cycloheteryl group" is distinguished from a "heterocyclyl group" in which a hydrogen 

atom is removed from a heterocyclic ring or ring system carbon atom. Similarly, a "cycloheteiylene 

group" refers to a group formed by removing two hydrogen atoms from an heterocyclic compound, at 

least one of which is removed from a heterocyclic ring or ring system heteroatom of the heterocyclic 

compound; the other hydrogen atom can be removed from any other atom, including for example, a 

heterocyclic ring or ring system ring carbon atom, another heterocyclic ring or ring system heteroatom, or 

a non-ring atom (carbon or heteroatom). A "cyclohetero group" refers to a generalized group formed by 
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removing one or more hydrogen atoms (as necessary for the particular group and at least one of which is 

from a heterocyclic ring or ring system heteroatom) from a heterocyclic compound, 

[0034] An aliphatic compound is an acyclic or cyclic, saturated or unsaturated carbon compound, 

excluding aromatic compounds. Thus, an aliphatic compound is an acyclic or cyclic, saturated or 

unsaturated carbon compound, excluding aromatic compounds; that is, an aliphatic compound is a non-

aromatic organic compound. An "aliphatic group" is a generalized group formed by removing one or 

more hydrogen atoms (as necessary for the particular group) from the carbon atom of an aliphatic 

compound. Thus, an aliphatic compound is an acyclic or cyclic, saturated or unsaturated carbon 

compound, excluding aromatic compounds. That is, an aliphatic compound is a non-aromatic organic 

compound. Aliphatic compounds and therefore aliphatic groups can contain organic functional group(s) 

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

[0035] An aromatic compound is a compound containing a cyclically conjugated double bond system 

that follows the Huckel (4n+2) rule and contains (4n+2) pi-electrons, where n is an integer from 1 to 5. 

Aromatic compounds include "arenes" (hydrocarbon aromatic compounds) and "heteroarenes," also 

termed "hetarenes" (heteroaromatic compounds formally derived from arenes by replacement of one or 

more methine (-O) 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 Huckel rule (4n + 2). 

While arene compounds and heteroarene compounds are mutually exclusive members of the group of 

aromatic compounds, a compound that lias both an arene group and a heteroarene group are generally 

considered a heteroarene compound. Aromatic compounds, arenes, and heteroarenes can be monocyclic 

(e.g., benzene, toluene, furan, pyridine, methylpyridine) or polycyclic unless otherwise specified. 

Polycyclic aromatic compounds, arenes, and heteroarenes, include, unless otherwise specified, 

compounds wherein 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., biphenyl or 4-

phenylpyridine), or compounds where the aromatic groups are joined by a group containing linking atoms 

(e.g., carbon - the methylene group in diphenylmethane; oxygen - diphenyl ether; nitrogen - triphenyl 

amine; among others linking groups). As disclosed herein, the term "substituted" can be used to describe 

an aromatic group, arene, or heteroarene wherein a non-hydrogen moiety formally replaces a hydrogen in 

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

[0036] An "aromatic group" refers to a generalized group formed by remo ving one or more hydrogen 

atoms (as necessary for the particular group and at least one of which is an aromatic ring carbon atom) 
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from an aromatic compound. For a univalent "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-I,4-ylene, pyridm-2,3-ylene, naphth-1,2-ylene, and 

benzofuran-2,3-ylene), hydrogen atoms removed from two different rings of a ring system (e.g., naphth-

1,8-ylene and benzofuran-2,7-ylene), or hydrogen atoms removed from two isolated aromatic rings or 

ring systems (e.g., bis(phen-4-ylene)methane). 

10037] An arene is 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 ring 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 United via a bond (e.g., biphenyl) 

or non-aromatic hydrocarbon group(s) (e.g., diphenylmethane). One example of an "aryl group" is ortho-

tolyl (o-tolyl), the structure of which is shown here. 

Similarly, an "arylene group" refers to a group formed by removing two hydrogen atoms (at least one of 

which is 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 

arene and heteroarene rings or ring systems (e.g., the phenyl and benzofuran moieties in 7-

phenylbenzofuran) its classification depends upon the particular ring or ring system from which the 

hydrogen atom was removed, that is, an arene group if the removed hydrogen came from the aromatic 

hydrocarbon ring or ring system carbon atom (e.g., the 2 carbon atom in the phenyl group of 

6-phenylbenzofuran and a heteroarene group if the removed hydrogen 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 herein, general arene groups (including 

an aryl group and an arylene group) include those having zero, one, or more than one hydrocarbyl 

substituent groups located on an aromatic hydrocarbon ring or ring system carbon atom (e.g., a toluene 

group or a xylene group, among others) and is a member of the group of hydrocarbon groups. However, a 

phenyl group (or phenylene group) and/or a naphthyl group (or naphthylene group) refer to the specific 
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unsubstitiited arene groups (including no bydrocarbyi group located on an aromatic hydrocarbon ring or 

ring system carbon atom). Consequently, a substituted phenyl group or substituted naphthyl group refers 

to the respective arene group having one or more substituent groups (including halogens, hydrocarbyl 

groups, and/or hydrocarboxy 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 hydrocarbon groups (or a member of the general group of arene groups), each substituent is 

limited to a hydrocarbyl substituent group. One having ordinary skill in the art can readily discern and 

select general phenyl and/or naphthyl groups, specific phenyl and/or naphthyl groups, and/or individual 

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 compound, 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 

"heteroaryl group" is a class of "heterocyclyl group" and is a univalent group formed by removing a 

hydrogen atom from a heteroaromatic ring or ring system carbon atom of a heteroarene compound. By 

specifying that the hydrogen atom is removed from a ring carbon atom, a "heteroaryl group" is 

distinguished from an "arylheteryl group," in which a hydrogen atom is removed from a heteroaromatic 

ring or ring system heteroatom. For example, an indol-2-yl group illustrated below is one example of a 

"heteroaryl group," and an indol-l-yl group illustrated below is one example of an "arylheteryl" group." 

indol-2-yl indol-1 -yl 
"heteroaryl group" "arylheteryl group" 

Similarly, a "heteroarylene group" refers to a group formed by removing two hydrogen atoms from a 

heteroarene compound, at least one of which is from a heteroarene ring or ring system carbon atom. 

Thus, in a "heteroarylene group," at least one hydrogen is removed from a heteroarene ring or ring system 

carbon atom, and the other hydrogen atom can be removed from any other carbon atom, including for 

example, a heteroarene ring or ring system carbon atom, or a non-heteroarene ring or ring system atom. 

A "heteroarene 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 heteroarene ring or ring system carbon 

atom) from a heteroarene compound. If a hydrogen atom is removed from a heteroaromatic ring or ring 

system heteroatom and from a heteroaromatic ring or ring system carbon atom or an aromatic 
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hydrocarbon ring or ring system carbon atom, the group is classified as an "arylheterylene group" or an 

"arylhetero group." 

[0039] An "arylheteryl group" is a class of "cycloheteryl group" and is a univalent group formed by 

removing a hydrogen atom from a heteroaromatic ring or ring system heteroatom, as illustrated. By 

specifying that the hydrogen atom is removed from of a heteroaromatic ring or ring system heteroatom 

and not from a heteroaromatic ring or ring system carbon atom, an "arylheteryl group" is distinguished 

from a "heteroaryl group" in which a hydrogen atom is removed from a heteroaromatic ring or a ring 

system carbon atom. Similarly, an "arylheteryiene group" refers to a group formed by removing two 

hydrogen atoms from a heteroaryl compound, at least one of which is removed from a heteroaromatic ring 

or ring system heteroatom of the heteroaryl compound; the other hydrogen atom can be removed from 

any other atom, including for example, a heteroaromatic ring or ring system carbon atom, another 

heteroaromatic ring or ring system heteroatom, or a non-ring atom (carbon or heteroatom) from a 

heteroaromatic 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 is from a 

heteroaromatic ring or ring system) heteroatom from a heteroarene compound. 

[0040] An "aralkyl group" is an aryl-substituted alkyl group having a free valance at a non-aromatic 

carbon atom (e.g., a benzyl group, or a 2-phenyleth-lyl group, among others). Similarly, an "aralkylene 

group" is an aryl-substituted alkylene group having two free valencies at a single non-aromatic carbon 

atom or a free valence at two non-aromatic carbon atoms while an "aralkane group" is a generalized is an 

aryl-substituted alkane group having one or more free valencies at a non-aromatic carbon atom(s). A 

"heteroaralkyl group" is a heteroaryl-substituted alkyl group having a free valence at a non-

heteroaromatic ring or 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 ring system carbon atoms while a 

"heteroaralkane group" is a generalized aryl-substituted alkane group having one or more free valencies at 

a non-heteroaromatic ring or ring 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 atom and is a 

member of the group of hydrocarbon groups. However, specific aralkane groups specifying a particular 

aryl group (e.g., the phenyl group in a benzyl group or a 2-phenylethyl group, among others) refer to the 

specific unsubstimted aralkane groups (including no hydrocarbyl group located on the aralkane aromatic 

hydrocarbon ring or ring system carbon atom). Consequently, a substituted aralkane group specifying a 

particular aryl group refers to a respective aralkane group having one or more substituent groups 



WO 2013/184579 PCT/US2013/043902 

17 

(including halogens, hydrocarbyl groups, and/or hydrocarboxy groups, among others). When the 

substituted aralkane group specifying a particular aryl group is a member of the group of hydrocarbon 

groups (or a member of the general group of aralkane groups), each substituent is limited to a hydrocarbyl 

substituent group. One can readily discern and select substituted aralkane groups specifying a particular 

aryl group which can be utilized as a member of the group of hydrocarbon groups (or a member of the 

general group of aralkane groups). 

[0041] A "halide" has its usual meaning; therefore, examples of halides include fluoride, chloride, 

bromide, and iodide. 

[00421 An "organoheteryl group" is a univalent group containing carbon, which are thus organic, but 

which have their free valence at an atom other than carbon. Thus, organoheteryl and organyl groups are 

complementary and mutually exclusive. Organoheteryl groups can be cyclic or acyclic, and/or aliphatic 

or aromatic, and thus encompasses aliphatic "cycloheteryl groups" (e.g., pyrrolidin-l-yl or morpholin-1-

yl, among others), aromatic "arylheteryl groups" (e.g., pyrrol-1-yl or indol-l-yl, among others), and 

acyclic groups (e.g., organylthio, trihydrocarbylsilyl, aryloxy, or alkoxy, among others). Similarly, an 

"organoheterylene group" is a divalent group containing 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 

containing carbon and at least one heteroatom 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. 

10043] An "organoaluminum compound," is used to describe any compound that contains an 

aluminum-carbon bond. Thus, organoaluminum compounds include hydrocarbyl aluminum compounds 

such as trialkyl-, dialkyl-, or monoalkylaluminum compounds; hydrocarbyl alumoxane compounds, and 

aluminate compounds which contain an aluminum-organyl bond such as tetrakis(p-tolyl)aluminate salts. 

[0044] Within this disclosure the normal rules of organic nomenclature will prevail. For instance, 

when referencing substituted compounds or groups, references to substitution patterns are taken to 

indicate that the indicated group(s) is (are) located at the indicated position and that all other non-

indicated positions are hydrogen. For example, reference to a 4-substituted phenyl group indicates that 

there is a non-hydrogen substituent 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 indicates that there is a 

non-hydrogen substituent located at the 3 position and hydrogens located at the 1, 4, 5, 6, 7, and 8 

positions. References to compounds or groups having substitutions at positions in addition to the 

indicated position will be referenced using comprising or some other alternative language. For example, 
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a reference to a phenyl group comprising a substituent at the 4 position refers to a group having a non -

hydrogen atom at the 4-position and hydrogen or any non-hydrogen group at the 2, 3, 5, and 6 positions. 

[0045] The term "reactor effluent," and it derivatives (e.g., oligomerization reactor effluent) generally 

refers to all the material which exits the reactor. The term "reactor effluent," and its derivatives, can also 

be prefaced with other descriptors that limit the portion of the reactor effluent being referenced. For 

example, while the term "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 effluent of the reactor 

which contains an olefin (i.e. carbon-carbon) double bond. 

[0046| The term "oligomerization," and its derivatives, refers to processes which produce a mixture 

of products containing at least 70 weight percent products containing from 2 to 30 monomer units. 

Similarly, an "oligomer" is a product that contains from 2 to 30 monomer units and an "oligomerization 

product" or "oligomer product" includes all product made by the "oligomerization" process including the 

"oligomers" and products which are not "oligomers" (e.g., product which contain more than 30 monomer 

units). It should be noted that the monomer units in the "oligomer" or "oligomerization product" do not 

have to he the same. For example, an "oligomer" or "oligomerization product" of an "oligomerization" 

process using ethylene and propylene as monomers can contain both ethylene and/or propylene units. 

10047] The term "polymerization," and its derivatives, refers to processes which produce a mixture 

of products containing at least 70 weight percent products containing greater than 30 monomer units 

Similarly, "polymer" is a product that contains greater than 30 monomer units while an "polymerization 

product" or "polymer producf'includes all products made by the "polymerization" process including the 

"polymers" and products which are not "polymers" (e.g., product which contain less than or equal to 30 

monomer units). It should be noted that the monomer units 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 ethylene and propylene as monomers can contain both ethylene and/or propylene units. 

[0048] The term ''trimerization," 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" is a product which contains three and only three monomer units while a "trimerization product" 

or "trimer product" includes all products made by the trimerization process including trimer and product 

which are not trimer (e.g., dimers or tetramers). Generally, an olefin trimerization reduces number of 

olefinic bonds, i.e., carbon-carbon double bonds, by two when considering the number of olefin bonds in 

the monomer units and the number of olefin 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 "trimer" of a 
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"trimerization" process using ethylene and butene as monomers can contain ethylene and/or butene 

monomer units. That is to say the "trimer" can include C6, C?„ C;0, and C]2 products. In another example, 

a "trimer" of a "trimerization" process using ethylene as the monomer can contain ethylene monomer 

units. It should also be noted that a single molecule can contain two monomer units. For example, dienes 

such as 1,3-butadiene and 1,4-pentadiene have two monomer units within one molecule. 

[0049] The term "tetramerization," and it 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" is a product which contains four and only four monomer units while a "tetramerization 

product" or tetramer product" includes all products made by the tetramerization process including 

tetramer and product which are not tetramer (e.g., dimers or trimer). Generally, an olefin tetramerization 

reduces number of olefinic bonds, i.e., carbon-carbon double bonds, by three when considering the 

number of olefin bonds in the monmer units and the number of olefin bonds in the tetramer. It should be 

noted that the monomer units in the "tetramer" or "tetramerization product" do not have be the same. For 

example, a "tetramer" of a "tetramerization" process using ethylene and butene as monomers can contain 

ethylene and/or butene monomer units. In an example, a "tetramer" of a "tetramerization" process using 

ethylene as the monomer can contain ethylene monomer units. It should also be noted that a single 

molecule can contain two monomer units. For example, dienes such as 1,3-butadiene and 1,4-pentadiene 

have two monomer units within one molecule. 

[0050] 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" includes all products made by the "trimerization and tetramerization" process including 

trimer, tetramer, and product which are not tetramer (e.g., dimers). In an example, a "trimerization and 

tetramerization" process using ethylene as the monomer produces a mixture of products containing 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 "Cx 

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 "Cx oligomer product" excludes materials having X carbon atoms which were not 

produced by the olefin oligomerization (e.g., solvent) and oligomer products which do not have X carbon 

atoms. These terms can also include other descriptive words (e.g., olefin, liquid, and mixture, among 



WO 2013/184579 PCT/US2013/043902 

20 

others) without detracting from the essence of the term referring to materials having X carbon atoms, 

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

[0052] This disclosure encompasses N2-phosphinyl guanidine compounds, methods for making N2-

phosphinyl guanidine compounds, metal salt complexes comprising N2-phosphinyl guanidine 

compounds, methods of making metal salt complexes comprising N'-phosphinyl guanidine compounds, 

catalyst systems comprising Nz-pliosphinyl guanidine compounds, methods of making catalyst systems 

comprising N2-phosphinyl guanidine compounds, and methods of oligomerizing olefins utilizing 

catalysts system comprising N2-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 
various aspects and embodiments disclosed herein can be combined in any manner. 

i\;2~PliospMiiy! Guanidine Compounds 

[0053] Generally, the N~-pliosphinyl guanidine compounds encompassed by this disclosure have at 

least one N2-phosphinyl guanidine group. In an embodiment, the N2-phosphinyl guanidine compounds 

comprise only one N2-phosphinyl guanidine; or alternati vely, comprise only two N2-phosphinyl guanidine 

groups. 

[0054] In an aspect, the compounds encompassed by the present disclosure include an N2-phosphinyl 

guanidine compound. Generally, the N2-pliosphinyl guanidine compounds encompassed by this 

disclosure comprise an N"'-phosphinyi guanidine group; or alternatively, comprise two N2~phosphinyi 

guanidine groups. In an embodiment, the N2-phosphinyl guanidine compounds comprise only one N2-

phosphinyl guanidine group; or alternatively, comprise only two N^-phosphinyl guanidine groups. In an 

embodiment, the compounds, regardless of the number of N2-phosphinyl guanidine groups, or structure, 

can be non-metallic (i.e., a non-metallic N2-phosphinyI guanidine compound or a non-metallic compound 

having an N"'-piiosphinyl guanidine group). In some embodiments, the guanidine group of the N2-

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 contained in a ring). In some 

embodiments, the guanidine group of the N2-phosphinyl guanidine compounds can be a cyclic guanidine 

group (a guanidine group wherein one or more of the nitrogen atoms and the central carbon atom of the 

amine group are contained in a ring). 
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In an aspect, theN2-phosphinyl guanidine compound can have Structure Gul, Gu2, Gu3, Gu4, 

or Gu5: alternatively, Structure Gul; alternatively, Structure Gu2; alternatively. Structure Gu3; 

alternatively. Structure Gu4; or alternatively. Structure Gu5. 
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[0056] In an embodiment, the N2-phosphmyl guanidine compound comprising only one N2-

phosphinyl guanidine group can be characterized by having the Structure Gul, Gu2, Gu3, Gu4, or Gu5; 

alternatively. Structure Gul; alternatively, Structure Gu2; alternatively, Structure Gu3; alternatively. 

Structure Gu4; or alternatively, Structure Gu5. In an embodiment, an N^-phosphinyl guanidine 

compound having more than one N2-phosphinyl guanidine groups can be characterized by having 

Structure Gul, Gu2, Gu3, Gu4, or Gu5 wherein R1, R2a, R":b, R\ R4, R5, Lu, I.2/', and/or I/' include the 

other N2-phosphmyl guanidine group(s). In an embodiment, the N"'»phosphinyI guanidine compound 

comprising only two N2-phosphinyl guanidine groups can be characterized by having Structure Gul, Gu2, 

Gu3, Gu4, or Gu5 wherein R', Rza, Rzb, R3, R4, R5, V2, Is1, and/or L2J include the second N2-phosphinyl 

guanidine group. In some embodiments where an N^-phosphinyl guanidine compound can more than one 

N^-phosphinyt guanidine group, one or more of the atom of one -pliosphinyl guanidine group can be 

shared with another N'-pliosphinyl guanidine group within the N'-phosphinyi guanidine compound 

having more than one N"-pliosphinyl guanidine group, R1, R2a, Ri0, RJ, R4, R5, Ll2, L2z, and L2J within 

N'-phosphinyl guanidine compound Structures Gul, Gu2, Gu3, Gu4, or Gu5 are independently described 

herein and can be utilized without limitation to further describe the N^-phosphinyl guanidine compounds 

having Structures Gul, Gu2, Gu3, Gu4, and/or Gu5. In other embodiments, the -pliosphinyl guanidine 

compounds can have any specific structure disclosed herein. 
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[0057] Generally, R1 can be an organyl group; alternatively, an organyl group consisting essentially 

of inert functional groups; or alternatively, a hydrocarbyl group. In an embodiment, R1 can be a Cj to C30 

organyl group; alternatively, a Ci to C20 organyl group; alternatively, a Cj to Ci5 organyl group; 

alternatively, a Ci to C[0 organyl group; or alternatively, a C'i to C5 organyl group. In an embodiment, Rl 

can be a Ci to C30 organyl group consisting essentially of inert functional groups; alternatively, a C, to C2o 

organyl group consisting essentially of inert functional groups; alternatively, a Ci to Ci5 organyl group 

consisting essentially of inert functional groups; alternatively, a C: to Cj0 organyl group consisting 

essentially of inert functional groitps; or alternatively, a Ci to C5 organyl group consisting essentially of 

inert functional groitps. In an embodiment, R1 can be a Q to C30 hydrocarbyl group; alternatively, a C; to 

C20 hydrocarbyl group; alternatively, a Cj to C!5 hydrocarbyl group; alternatively, a Q to C10 hydrocarbyl 

group; or alternatively, a Q to C5 hydrocarbyl group. In yet other embodiments, R' can be a C3 to C30 

aromatic group; alternatively, a C3 to C?o aromatic group; alternatively, a C3 to C:5 aromatic group; or 

alternati vely, a C3 to Ci0 aromatic group. 

[0058] In an aspect, R! can be a Ci to C30 alkyl group, a C4 to C30 cycloalkyl group, a C4 to C30 

substituted cycloalkyl group, a C6 to C30 and group, or a C6 to C30 substituted aryl group,; alternatively, a 

C4 to C30 cycloalkyl group or a C4 to C30 substituted cycloalkyl group; alternatively, a C6 to C30 aryl group 

or a C6 to C30 substituted aryl group; alternatively, a Q to C30 alkyl group; alternatively, a C4 to C30 

cycloalkyl group; alternatively, a C4 to C30 substituted cycloalkyl group; alternatively, a C6 to C30 aryl 

group; or alternatively, a C6 to C30 substituted aryl group. In an embodiment, R1 can be a C, to C15 alkyl 

group, a C4 to C20 cycloalkyl group, a C4 to C2o substituted cycloalkyl group, a C6 to C20 aryl group, or a 

C6 to C20 substituted aryl group; alternatively, a C4 to C20 cycloalkyl group or a C4 to C20 substituted 

cycloalkyl group; alternatively, a C6 to C20 aryl group or a C6 to C20 substituted aryl group; alternatively, a 

C'i to C'15 alkyl group; alternatively, a C4 to C20 cycloalkyl group; alternatively, a C4 to C20 substituted 

cycloalkyl group; alternatively, a C6 to C20 aryl group; or alternatively, a C6 to C20 substituted aryl group. 

In other embodiments, Rl can be a Ci to C]0 alkyl group, a C4 to C'i5 cycloalkyl group, a C'4 to Ci5 

substituted cycloalkyl group, a C6 to C]5 aryl group, or a C6 to CLS substituted aryl group; alternatively, a 

C4 to Ci5 cycloalkyl group or a C4 to Ci5 substituted cycloalkyl group; alternatively, a C6 to Ci5 aryl group 

or a C6 to Cjs substituted aryl group; alternatively, a Ci to Ci0 alkyl group; alternatively, a C4 to Ci5 

cycloalkyl group; alternatively, a C4 to C15 substituted cycloalkyl group; alternatively, a C6 to C15 aryl 

group; or alternatively, a C6 to Cu substituted aryl group. In further embodiments, Rl can be a C: to C5 

alkyl 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 R1. 
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[0059] In an embodiment, R1 can be a methyl group, an ethyl group, a propyl group, a butyl group, a 

pentyl group, a hexyl group, a heptyl group, an octyl group, a nonyl group, or a decyl group. In some 

embodiments, R! can be a methyl group, an ethyl group, an n-propyl group, an iso-propyl group, an n-

butyl group, an iso-butyl group, a sec-butyl group, a ten-butyl group, an n-pentyl group, an iso-pentyl 

group, a sec-pentyl group, or a neopentyi group; alternatively, a methyl group, an ethyl group, an iso-

propyl group, a tert-butyl group, or a neopentyi group; alternatively, 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 neopentyi group. In some embodiments, the alkyl groups which can be utilized 
as R1 can be substituted. Each substituent of a substituted alkyl group independently can be a halogen or 

a hydrocarboxy group; alternatively, a halogen; or alternatively, a hydroearboxy group. Halogens and 

bydrocarboxy groups (general and specific) that can be utilized as substituents are independently 

disclosed herein and can be utilized without limitation to further describe the substituted alkyl group 

which can be utilized as Rl. 

[0060] In an embodiment, Rl can be a cyclobutyl group, a substituted cyclobutyl group, a cyclopentyl 

group, a substituted cyclopentyl group, a cyelohexyl group, a substituted cyclohexyl group, a cycloheptyl 

group, a substituted cycloheptyl group, a cyclooctyl group, or a substituted cyclooctyl group. In some 

embodiments, R* can be a cyclopentyl group, a substituted cyclopentyl group, a cyclohexyl group, or a 

substituted cyclohexyl group. In other embodiments, R1 can be a cyclopentyl group or a substituted 

cyclopentyl group; or alternatively, a cyclohexyl group or a substituted cyclohexyl group. In further 

embodiments, R1 can be a cyclopentyl group; alternatively, a substituted cyclopentyl group; a cyclohexyl 

group; or alternatively, a substituted cyclohexyl group, Substituents (general and specific) are 

independently disclosed herein and can be utilized without limitation to further describe the substituted 

cycloalkyl group which can be utilized as R1. 

[0061] In an aspect, R1 can have Structure Gl: 

wherein the undesignated valency is attached to the N1 nitrogen atom of the Nz-phosphinyl guanidine 

group. Generally, R"\ RI2C, R"c, RWC, and Rl5c can independently be hydrogen or a non-hydrogen 

substituent, and n can be an integer from 1 to 5. In an embodiment wherein R! has Structure Gl, Rlic, 

R13C, R!4C, and R!3C can be hydrogen and R!2° can be any non-hydrogen substituent disclosed herein; or 
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alternatively, Rllc, Rl,c, and RI3C can be hydrogen and RUc and R14* independently can be any non-

hydrogen substituent disclosed herein. In an embodiment, n can be an integer from 1 to 4; or 

alternatively, from 2 to 4. In other embodiments, n 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!lc, 
Rize, £i4c^ arstyor Rise for the R1 group having Structure Gl. 

[0062] In an embodiment wherein R' has Structure Gl, RUc, Ri;ic, Rl4c, and R!r,c can be hydrogen and 

Rl"c can be any non-hydrogen substituent indicated herein; or alternatively, Rlic, R|3C, and RlSc can be 

hydrogen and Rl 2cand Rl4c can be any non-hydrogen substituent indicated herein. In some embodiments, 

wherein R1 lias Structure Gl, RUc, R13*, Rt4c, and R|JC can be hydrogen and RUc can be any alkyl group, 

alkoxy group, or halogen indicated herein; or alternatively, Rllc, RBc, and Rl5c can be hydrogen and Ri2c 

and R14C can be any alkyl group, alkoxy group, or halogen indicated herein. In other embodiments, 

wherein R1 has Structure Gl, R'lc, R"c, Rl4c, and R1?c can be hydrogen and RUc can be any alkyl group 
substituent indicated herein; or alternatively, Rllc, Rl,c, and RI3C can be hydrogen and RUc and Rl4° can be 

any alkyl group substituent indicated herein. In another embodiment wherein R1 has Structure Gl, Rlic, 

R12C, Rl3c, R14c, and Rl5c can be hydrogen. In an embodiment, RUc, Rl2c, Rljc, R14c, and R!5c independently 

can be hydrogen, or an alkyl group; alternatively, Rllc, Rl2c, and Rl4c can be hydrogen and R"" and Rl5c 

can be alkyl groups; or alternatively, RUc can be hydrogen and RUc, R"c, Rl4c, and Rl3c 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 R1 

group having Structure Gl. 

[0063 [ In an aspect, R1 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 substituted naphthyl group; alternatively, a phenyl group or a naphthyl group; or 

alternatively, a substituted phenyl group or a substituted naphthyl group. In some embodiments, R1 

independently can be a phenyl group; alternatively, a substituted phenyl group; alternatively, a naphthyl 

group; or alternatively, a substituted naphthyl group. In an embodiment, the R1 substituted phenyl group 

can be a 2-substituted phenyl group, a 3-substituted phenyl group, a 4-substituted phenyl 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 R1 substituted phenyl group can be a 

2-substituted phenyl group, a 4-substituted phenyl group, a 2,4-disubstituted phenyl group, a 2,6-di-

substituted 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 phenyl group; 
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2-substituted phenyl 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-trisubstituted phenyl group; alternatively, a 2,6-di-

substituted phenyl group or a 2,4,6-trisubstituted phenyl group; alternatively, a 2,4-disubstituted 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 alternatively, a 2,4,6-trisubstituted phenyl group. Substituents (general and specific) are 
independently disclosed herein and can be utilized withoitt limitation to further describe any substituted 

phenyl group which can be utilized as R]. 

In an embodiment, R' can be a naphth-l-yl group, a substituted naphth-l-yl group, a 

naphth-2-yl group, or a substituted napkth-2-yl group. In some embodiments, R1 can be a naphth-l-yl 

group or a substituted naphth-l-yl group; alternatively, a naphth-2-yl group or a substituted naphth-2-yl 

group; alternatively, a naphth-l-yl group; alternatively, a substituted naphth-l-yl group; alternatively, a 

naphth-2-yl group; or alternatively, a substituted naphth-2-yl group. In other embodiments, R1 can be a 

2-substituted naphth-l-yl group, a 3-substituted naphth-l-yl group, a 4-substituted naphth-l-yl group, or a 

8-substituted naphth-l-yl group; alternatively, a 2-substituted naphth-l-yl group; alternatively, a 

3-substituted naphth-l-yl group; alternatively, a 4-substituted naphth-l-yl group; or alternatively, a 

8-substituted naphth-l-yl group. In further embodiments, Rl can be a 1-substituted naphth-2-yl group, a 

3-substituted naphth-2-yl group, a 4-substituted naphth-2-yl group, or a 1,3-disubstituted naphth-2-yl 

group; alternatively, a 1-substituted naphth-2-yl group; alternatively, a 3-substituted naphth-2-yl group; 

alternatively, a 4-substituted naphth-2-yl group; or alternatively, a 1,3-disubstituted naphth-2-yl group. 

Substituents (general and specific) are independently disclosed herein can be utilized without limitation to 

further describe any substituted naphthyl groups which can be utilized as R1. 

In an aspect, R1 can have Structure G2: 

Structure G2 

wherein the undesignated valency is attached to the N' nitrogen atom of the N2-phosphinyl guanidine 

group. Generally, R1"', R.13, Rl4, R13, and R.16 independently can be hydrogen or a non-hydrogen 

substituent. In an embodiment wherein R1 has Structure G2, R'2, R13, R14, RL\ and R16 can be hydrogen. 
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R13, R'4, R13, and RlR can be hydrogen and R12 can be a non-hydrogen substituent, R12, R14, R.'3, and R16 

can be hydrogen and R13 can be a non-hydrogen substituent, Ru, R", R15, and Rlc can be hydrogen and 

R14 can be a non-hydrogen substituent, R1J, Rl3, and R16 can be hydrogen and R12 and R1" can be non-

hydrogen substituents, R13, R14, and Rl3 can be hydrogen and Ru and Rl° can be non-hydrogen 

substituents, RL:, R'4, and R'b can be hydrogen and R13 and R13 can be non-hydrogen substituents, or R" 

and R13 can be hydrogen and R.12, R14, and Rl° can be non-hydrogen substituents. In some embodiments 

wherein R1 has Structure G2, R", R14, Rl3, and R16 can be hydrogen and R12 can be a non-hydrogen 

substituent, R12, R*"\ R'5, and Rl6 can be hydrogen and R'4 can be a non-hydrogen substituent, R*"\ R'5, 

and Rlb can be hydrogen and Ru and R'4 can be non-hydrogen substituents, Rlj, R'4, and R'3 can be 
hydrogen and R12' and Rl° can be non-hydrogen substituents, or R" and R15 can be hydrogen and R", R14, 

and R16 can be non-hydrogen substituents; alternatively,^5, R'4, R13, and R16 can be hydrogen and R12 

can be a non-hydrogen substituent, R12, R13, Rl5, and R16 can be hydrogen and Rl4 can be a non-hydrogen 

substituent, R13, R15, and Rlb can be hydrogen and Ru and R14 can be non-hydrogen substituents, or R13, 

R14, and R13 can be hydrogen and Ru and Rlb can be non-hydrogen substituents; alternatively, Rt2, R'4, 

R.13, and R16 can be hydrogen and R13 can be a non-hydrogen substituent, or Ru, R14, and Rl° can be 

hydrogen and R13 and R13 can be non-hydrogen substituents; alternatively, R13, R14, R15, and R16 can be 

hydrogen and R'2 can be a non-hydrogen substituent, or R'2, R'3, R'5, and R1" can be hydrogen and R'4 

can be a non-hydrogen substituent; alternatively, R|J, Rl3, and Rl° can be hydrogen and R12 and R14 can be 

non-hydrogen substituents, Rl3, R14, and R13 can be hydrogen and RL: and R'b can be non-hydrogen 

substituents, or Rl} and R13 can be hydrogen and R1", R'4, and R16 can be non-hydrogen substituents; or 

alternatively, R13, R13, and R16 can be hydrogen and R'2 and R14 can be non-hydrogen substituents, or R", 

R14, and R13 can be hydrogen and Ru and R16 can be non-hydrogen substituents. In other embodiments 

wherein Rl has Structure G2, Ru, R13, R14, R15, and R16 can be hydrogen; alternatively, Rl3, R14, Rl3, and 

Rl° can be hydrogen and Ru can be a non-hydrogen substituent; alternatively, R'2, R14, R15, and R'6 can 

be hydrogen and R:' can be a non-hydrogen substituent; alternatively, R12, Rl}, R.15, and R'6 can be 

hydrogen and R14 can be a non-hydrogen substituent; alternatively, R13, R13, and R16 can be hydrogen and 

Rl" and R14 can be non-hydrogen substituents; alternatively, R|J, R14, and R15 can be hydrogen and R'2 

and R16 can be non-hydrogen substituents; alternatively, R'2, R14, and R16 can be hydrogen and R" and 

Rl3 and can be non-hydrogen substituents; or alternatively, R:' and R15 can be hydrogen and R12, R14, and 

R16 can be non-hydrogen substituents. Substituents (general and specific) are independently disclosed 

herein and can be utilized without limitation as Rlz, R1J, R14, R15, and R'6 for the R1 group having 

Structure G2. 
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[0066] In an aspect, R1 can be a Ci to C30 organoheteryl group; alternatively, a Ci to C20 

organoheteryl group; alternatively, a Cj to C;5 organoheteryl group; alternatively, a C-. to C[0 

organoheteryl group: or alternatively, a C; to C5 organoheteryl group. In an embodiment, R1 can be a C4 

to C30 cycloheteryl group; alternatively, a C4 to C2o cycloheteryl group; alternatively, a C4 to Ci5 

cycloheteryl group; or alternatively, a C4 to C!0 cycloheteryl group. In some embodiments, the 

cycloheteryl group which can be utilized as R1 can be a substituted cycloheteryl group. 

[0067] In some embodiments, Rl can be a C; to C30 hydrocarbyl aminyl group, a C2 to C30 

dihydrocarbyl aminyl group, a C4 to C3(:. cycioaminyi group, or a C4 to C30 substituted cycioaminyi group; 

alternatively, a Ci to C30 hydrocarbyi aminyl group or a C2 to C30 dihydrocarbyl aminyl group; 

alternatively, a C4 to C30 cycioaminyi group or a C4 to C30 substituted cycioaminyi group; alternatively, a 

C2 to C30 dihydrocarbyl aminyl group or a C4 to C30 cycioaminyi group; alternatively, a Ci to C30 

hydrocarbyl aminyl group; alternatively, a C2 to C30 dihydrocarbyl aminyl group: alternatively, a C4 to C30 

cycioaminyi group; or alternatively, a C4 to C30 substituted cycioaminyi group. In other embodiments, R1 

can be a Ci to C20 hydrocarbyl aminyl group, a C2 to C20 dihydrocarbyl aminyl group, a C4 to C20 

cycioaminyi group, or a C4 to C20 substituted cycioaminyi group; alternatively, a Cj to C20 hydrocarbyi 

aminyl group or a C2 to C20 dihydrocarbyl aminyl group; alternatively, a C4 to C20 cycioaminyi group or a 

C4 to C20 substituted cycioaminyi group; alternatively, a C2 to C2o dihydrocarbyl aminyl group or a C4 to 

C20 cycioaminyi group; alternatively, a Q to C20 hydrocarbyl aminyl group; alternatively, a C2 to C20 

dihydrocarbyl aminyl group; alternatively, a C4 to C20 cycioaminyi group; or alternatively, a C4 to C20 

substituted cycioaminyi group, in yet other embodiments, R1 can be an a Cj to Cio hydrocarbyl aminyl 

group, a C2 to CLs dihydrocarbyl aminyl group, a C4 to C'i5 cycioaminyi group, or a C4 to C'i5 substituted 

cycioaminyi group; alternatively, a C; to Cm hydrocarbyl aminyl group or a C2 to Ci5 dihydrocarbyl 
aminyl group; alternatively, a C4 to Ci5 cycioaminyi group or a C4 to C15 substituted cycioaminyi group; 

alternatively, a C2 to C15 dihydrocarbyl aminyl group or a C4 to C15 cycioaminyi group; alternatively, a Ci 

to C[0 hydrocarbyl aminyl group: alternatively, a C2 to C;5 dihydrocarbyl aminyl group; alternatively, a C'4 

to C15 cycioaminyi group; or alternatively, a C4 to C!5 substituted cycioaminyi group. In further 

embodiments, R1 can be an a C'i to C5 hydrocarbyl aminyl group, a C2 to C[0 dihydrocarbyl aminyl group, 

a C4 to Cio cycioaminyi group, or a C4 to Ci0 substituted cycioaminyi group; alternatively, a Ci to C5 

hydrocarbyl aminyl group or a C2 to Cio dihydrocarbyl aminyl group; alternatively, a C4 to C!0 

cycioaminyi group or a C4 to Cio substituted cycioaminyi group; alternatively, a C? to C;0 dihydrocarbyl 
aminyl group or a C4 to C;o cycioaminyi group; alternatively, a C; to C5 hydrocarbyl aminyl group; 

alternatively, a C2 to C10 dihydrocarbyl aminyl group; alternatively, a C4 to C10 cycioaminyi group; or 

alternatively, a C4 to C!0 substituted cycioaminyi group. 
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[0068] In an embodiment, each hydrocarbyl group of a hydrocarbyl aminyl group or a dihydrocarbyl 

aminyl group can be a C: to C30 hydrocarbyl group; alternatively, a Ci to C2o hydrocarbyl group; 

alternatively, a C, to Ci5 hydrocarbyl group; alternatively, a C'i to Cj0 hydrocarbyl group; or alternatively, 

a C'i to C5 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; alternatively, a cycloalkyl group; alternatively, an aryl 

group; or alternatively, or aralkyl group, Alkyl groups, cycloalkyl groups, aryl group, and aralkyl groups 

have been described herein a potential R1, R2, R3, R4, and RD groups (among other potential group) and 
these alkyl groitps, cycloalkyl groups, aryl group, and aralkyl groups can be utilized without limitation to 

further describe the hydrocarbyl aminyl group and/or a dihydrocarbyl aminyl group that can be utilized a 

R1. 

[0069] In an embodiment, R1 can be a pyrrolidin-l-yl group, a substituted pyrrolidin-l-yl group, a 

piperdin-l-yl group, a substituted piperidin-l-yl group, a morphilin-l-yl group, a substituted morphilin-l-

yl group, a pyrrol-l-yl group, or a substituted pyrrol-1-yl group. In some embodiments, R1 can be a 

pyrrolidin-l-yl group, a substituted pyrrotidin-l-yl group, a piperdin-l-yt group, or a substituted 

piperidin-l-yl group; a pyrrolidin-i-yl group or a substituted pyrrolidin-i-yl group; alternatively, a 

piperdin-I-yl group or a substituted piperidin-l-yl group; alternatively, a morphilin-l-yl group or a 

substituted morphilin-l-yl group; alternatively, a pyrrol-l-yl group or a substituted pyrrol-l-yl group; 

alternatively, a pyrrolidin-l-yl group, a piperdin-l-yl group, a morphilin-l-yl group, or a pyrrol-l-yl 

group; alternatively, a pyrrolidin-l-yl group or a piperdin-l-yl group; alternatively, a pyrrolidin-l-yl 

group; alternatively, a substituted pyrrolidin-l-yl group; alternatively, a piperdin-l-yl group; alternatively, 

a substituted piperidin-l-yl group; alternatively, a morphilin-l-yl group; alternatively, a substituted 

morphilin-l-yl group; alternatively, a pyrrol-l-yl group; or alternatively, a substituted pyrrol-l-yl group. 

Generally, these specific cycioaminyi groups can have the same number of carbon atoms as the 

cycioaminyi and substituted cycioaminyi group described herein, Substituents (general and specific) are 

independently disclosed herein and these substituents can be utilized without limitation to further describe 

the substituted cycioaminyi groups (general or specific) which can be utilized as R!. 

[0070] In an aspect, when the N1 nitrogen atom of the N2-phosphinyl guanidine group is attached to 

an atom (carbon or a heteroatom) of a ring or ring system group (cycloalkane group, aliphatic 

heterocyclic group, cyclohetero group, aromatic group, arene group, heteroarene group, arylhetero group, 

or any other disclosed herein), the cyclic R1 group can comprise at least one substituent at an atom 

adjacent to the atom attached to N1 nitrogen atom of the N2-phosphinyl guanidine group. In an 

embodiment, when the N1 nitrogen atom of the N2-phosphinyl guanidine group is attached to an atom 
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(carbon or a heteroatom) of a ring or ring system group (e.g., cycloalkane group, aliphatic heterocyclic 

group, cyclohetero group, aromatic group, arene group, heteroarene group, or arylhetero group, or any 

other disclosed herein) the cyclic R1 group can comprise at least one substituent at each atom adjacent to 

the atom attached to N1 nitrogen atom of the N2-phosphinyl guanidine group. In another embodiment, 

when the Nl nitrogen atom of the N^-phosphinyl guanidine group is attached to an atom (carbon or a 

heteroatom) of a ring or ring system group (e.g., cycloalkane group, aliphatic heterocyclic group, 

cyclohetero group, aromatic group, arene group, heteroarene group, or arylhetero group, or any other 

disclosed herein), the cyclic Rl group can consist of one substituent at each atom adjacent to the atom 

attached to N1 nitrogen atom of the N~-phosphinyl guanidine group. In other embodiments, when the N1 

nitrogen atom of the N2-phosphinyl guanidine group is attached to an atom (carbon or a heteroatom) of a 

ring or ring system group (e.g., cycloalkane group, aliphatic heterocyclic group, cyclohetero group, 

aromatic group, arene group, heteroarene group, or arylhetero group, or any other disclosed herein), the 

cyclic R! group can comprise only one substituent at an atom adjacent to the atom attached to Nl nitrogen 

atom of the N'-phosphinyl guanidine group. In another embodiment, when the Nl nitrogen atom of the 

Nz-pliosphinyl guanidine group is attached to an atom (carbon or a heteroatom) of a ring or ring system 

group (e.g., cycloalkane group, aliphatic heterocyclic group, cyclohetero group, aromatic group, arene 

group, heteroarene group, or arylhetero group, or any other disclosed herein), the cyclic R1 group can 

comprise only one substituent at each atom adjacent to the atom attached to N1 nitrogen atom of the N2-

phospbinyl guanidine group. In yet another embodiment, when the N1 nitrogen atom of the N":-

phosphmyl guanidine group is attached to an atom (earbon or a heteroatom) of a ring or ring system group 

(e.g., cycloalkane group, aliphatic heterocyclic group, cyclohetero group, aromatic group, arene group, 

heteroarene group, or arylhetero group, or any other disclosed herein), the cyclic Rl group can consist of 

only one substituent located at each atom adjacent to the atom attached to N1 nitrogen atom of the N2-

phosphinyl guanidine group. 

[0071] In an embodiment, when the N1 nitrogen atom of the N2-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 N1 nitrogen atom 

of the N2-phosphinyl guanidine group. In some embodiments, when the N1 nitrogen atom of the 

Nz-pliosphinyl guanidine group is attached to a carbon atom of a cycloalkane or arene ring or ring system, 

the cyclic R1 group can comprise at least one substituent located on each carbon atom adjacent to the 

carbon atom attached to N! nitrogen atom of the N2-phosphinyl guanidine group. In another embodimen t, 

when the N1 nitrogen atom of the N2-pliosphinyl guanidine group is attached to a carbon atom of a 

cycloalkane or arene ring or ring system, the cyclic Rl group can consist of one substituent located on 
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each carbon atom adjacent to the carbon atom attached to Nl nitrogen atom of the N^-phosptainyl 

guanidine group. In other embodiments, when the N1 nitrogen atom of the N2-phosphinyl guanidine 

group is attached to a carbon atom of a cycloalkane or arene ring or ring system, the cyclic R1 group can 

comprise only one substituent located on a carbon atom adjacent to the carbon atom attached to N1 

nitrogen atom of the N^-phosphinyl guanidine group. In another embodiment, when the N' nitrogen atom 

of the N2-phosphinyl guanidine group is attached to a carbon atom of a cycloalkane or arene ring or ring 

system, the cyclic R1 group can comprise only one substituent located on each carbon atom adjacent to 

the carbon atom attached to N1 nitrogen atom of the N^-phosphinyl guanidine group. In yet another 

embodiment, when the N1 nitrogen atom of the N2-phosphinyl guanidine group is attached to a carbon 

atom of a cycloalkane or arene ring or ring system, the cyclic Rl group can consist of only one substituent 

located on each carbon atom adjacent to the carbon atom attached to N1 nitrogen atom of the 

Nz-phosphinyl guanidine group. 

[00721 In a non-limiting embodiment, Rl can be a phenyl group, a 2-alkylphenyl group, a 3-alkyl-

phenyl group, a 4-alkylphenyl group, a 2,4-dialkylphenyl group, a 2,6-diaikylphenyl group, a 3,5-dialkyl-

phenyl group, or a 2,4,6-trialkylphenyl group; alternatively, a 2-alkylphenyl group, a 4-alkylphenyl group, 

a 2,4-dialkylphenyl group, a 2,6-dialkylphenyl group, or a 2,4,6-trialkylphenyl group; alternatively, a 

2-alkylphenyl group or a 4-alkylphenyl 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-dialkyl­

phenyl group; alternatively, a 2,6-dialkylphenyl group, or a 2,4,6-trialkylphenyl group; alternatively, a 

3-alkylphenyl group or a 3,5-dialkylphenyl group; alternatively, a 2-alkylphenyl group or a 2,6-dialkyl­

phenyl group; alternatively, a 2-alkylphenyl group; alternatively, a 3-alkylphenyl group; alternatively, a 

4-alkylphenyl group; alternatively, a 2,4-dialkylphenyl group; alternatively, a 2,6-dialkylphenyl group; 

alternatively, a 3,5-dialkylphenyl group; or alternatively, a 2,4,6-trialkylphenyl group. In another non-

limiting embodiment, Rl can be a naphth-l-yl group, a naphth.-2-yl group, a 2-alkylnaphth-1 -yl group, a 

1 -alkylnaphth-2-yl group, a 3-alkylnapth-2-yl group, or a l,3-dialkylnaphth-2-vl group; alternatively, a 

naphth-l-yl group or a 2-alkylnaphth-1-yl group; alternatively, a naphth-2-yl group, a 1-alkylnaphth-2-yl 

group, a 3-alkylnapth-2-yl group, or a l,3-dialkylnaphth-2-yl group; alternatively, a naphth-l-yl group; 

alternatively, a naphth-2-yl group; alternatively, a 2-alkylnaphth-1-yl group; alternatively, a 1-alkyl -

naphth-2-yl group; alternatively, a 3-alkylnapth-2-yl group; or alternatively, a l,3-dialkylnaphth-2-yl 

group. In other non-limiting embodiments, R1 can be a cyclohexyl group, a 2-alkylcyclohexyl group, or a 

2,6-diaUkylcyclohexyl group; alternatively, a cyclopentyl group, a 2-aIkylcyclopentyl group, or a 

2,5-dialkylcyclopentyl group; alternatively, a cyclohexyl group; alternatively, a 2-alkylcyclohexyl group; 

alternatively, a 2,6-dialkylcyclohexyl group; alternatively, a cyclopentyl group; alternatively, a 2-alkyl-
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cyclopentyl group; or alternatively, a 2,5-dialkylcyclopentyl group. Alkyl group substituents (general and 

specific) are independently described herein and can be utilized, without limitation, to further describe the 

alkylphenyl, dialkylphenyl, trialkylphenyt, naphthyl, dialkylnaphthyl, alkylcyclohexyl, dialkylcyclohexyl, 

alkylcyclopentyl, or dialkylcyclopentyl groups that can be utilized R!. Generally, the alJkyl substituents of 

a dialkyl or trialkyl phenyl, naphthyl, cyclohexyl, or cyclopentyl group can be the same; or alternatively, 

the alkyl substituents of a dialkyl or trialkyl phenyl, naphthyl, cyclohexyl, or cyclopentyl group can be 

different. 

[0073] In another non-limiting embodiment, R1 can be a phenyl group, a 2-alkoxyphenyl group, a 

3-alkoxyphenyl group, a 4-alkoxyphenyl group, or a 3,5-dialkoxyphenyl 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; alternatively, a 3-alkoxyphenyl group; 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, withoitt limitation, to further describe the 

alkoxyphenyl or dialkoxyphenyl groups that can be utilized R1. Generally, the alkoxy substituents of a 

dialkoxyphenyl group can be the same; or alternatively, the alkoxy substituents of a dialkoxyphenyl group 

can be different. 

[0074] In other non-limiting embodiments, R1 can be a phenyl group, a 2-halophenyl group, a 3-halo-

phenyl group, a 4-halophenyl group, a 2,6-dihalophenylgroup, or a 3,5-dialkylphenyl group; alternatively, 

a 2-halophenyl group, a 4- halophenyl group, or a 2,6-dihalophenyl group; alternatively, a 2-halophenyl 

group or a 4-halophenyl 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-dihalophenyl group; or alternatively, a 3,5-dihalophenyl group. Halides are 

independently described herein and can be utilized, without limitation, to further describe the halophenyl 

or dihalophenyl groups that can be utilized R1. Generally, the halides of a dihalophenyl group can be the 

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

[0075] In a non-limiting embodiment, R1 can be a 2-methylphenyl group, a 2-ethylphenyl group, a 

2-n-propylphenyl group, a 2-isopropylphenyl group, a 2-tert-butylphenyl group, a 3-methylphenyl group, 

a 2,6-dimethylphenyl group, a 2,6-diethylphenyl group, a 2,6-di-n-propylphenyl group, a 2,6-diisopropyl-

phenyl group, a 2,6-di-tert-hutylphenyi group, a 2-isopropyl-6-methylphenyl group, a 3,5-dimethyl group, 

or a 2,4,6-trimethylphenyl group; alternatively, a 2-methylphenyl group, a 2-ethylphenyl group, a 

2-n-propylphenyl group, a 2-isopropylphenyl group, or a 2-tert-butylphenyl group; alternatively, a 

2,6-dimethylphenyl group, a 2,6-diethylphenyl 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 2-isopropyl-6-metbylphenyl group; alternatively, a 

2-methylphenyl group; alternatively, a 2-ethylphenyl group; alternatively, a 2-n-propylphenyl group; 

alternatively, a 2-isopropylphenyl group; alternatively, a 2-tert-butylphenyl groitp; alternatively, a 

3-methylphenyl group; alternatively, a 2,6-dimethylphenyl group; alternatively, a 2,6-diethylphenyl 

group; alternatively, a 2,6-di-n-propylphenyl group; alternatively, a 2,6-diisopropylphenyl group; 

alternatively, a 2,6-di-tert-butylphenyl group; alternatively, a 2-isopropyl-6-methylphenyl group; 

alternatively, a 3,5-dimethylphenyl group: or alternatively, a 2,4,6-trimethylphenyl group. In another 

non-limiting embodiment, R1 can be a 2-methylcyclohexyl group, a 2-ethylcyclohexyl group, a 

2-isopropylcyclohexyl group, a 2-tert-butylcyclohexyl group, a 2,6-dimethylcyclohexyl group, a 

2,6-diethylcyclohexyl group, a 2,6-diisopropylcyclohexyl group, or a 2,6-di-tert-butylcyclohexyl group; 

alternatively, a 2-methylcyclohexyl group, a 2-ethylcyclohexyl group, a 2-isopropylcyclohexyl group, or 

a 2-tert-butylcyclohexyl group; alternatively, a 2,6-dimethylcyclohexyl group, a 2,6-diethylcyclohexyl 

group, a 2,6-diisopropylcyclohexyl groitp, or a 2,6-di-tert-butylcyclohexyl group; alternatively, a 

2-methylcyclohexyl group; alternatively, a 2-ethylcyclohexyl group; alternatively, a 2-isopropyl­

cyclohexyl group; alternatively, a 2-tert-butylcyclohexyl group; alternatively, a 2,6-dimethylcyclohexyl 

group; alternatively, a 2,6-diethylcyclohexyl group; alternatively, a 2,6-diisopropylcyclohexyl group; or 

alternatively, a 2,6-di-tert-butylcyclohexyl group. In another non-limiting embodiment, R1 can be a 

2-methylnaphth-l-yl group, a 2-ethylnaphth-I-yl group, a 2-n-propylnaphth-l-yl groitp, a 2-isopropyl-

naphth-l-yl group, or a 2-tert-butylnaplith-l-yl group; alternatively, a 2-methylnaphth-l-yl group; 

alternatively, a 2-eth.ylnaphth-l-yl group; alternatively, a 2-n-propylnaphth-l-yl group; alternatively, a 

2-isopropylnaphth-l-yl group; or alternatively, a 2-tert-butylnaphth-l-yl group. 

10076] In a non-limiting embodiment, R1 can be a 3-methoxyphenyl group, a 3-ethoxyphenyl group, a 

3-isopropoxyphenyl group, a 3-tert-butoxypbenyl group, a 4-methoxyphenyl group, a 4-ethoxyphenyl 

group, a 4-isopropoxyphen.yl group, a 4-tert-butoxyphenyl group, a 3,5-dimethoxyphenyl 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-ethoxyphenyl group, a 3-isopropoxyphenyl group, or a 3-tert-

butoxyphenyl groitp; alternatively, a 4-methoxyphenyl 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-diethoxyphenyl group, a 3,5-diisopropoxyphenyl group, or a 3,5-di-tert-butoxyph.enyl group. In other 

non-limiting embodiments, R1 can be a 3-methoxyphenyl group; alternatively, a 3-ethoxyphenyl group; 

alternatively, a 3-isopropoxyphenyl group; alternatively, a 3-tert-butoxyphenyl group; alternatively, a 

4-methoxyphenyl group; alternatively, a 4-ethoxyphenyl group; alternatively, a 4-isopropoxyphenyl 

group; alternatively, a 4-tert-butoxyphenyl group; alternatively, a 3,5-dimethoxyphenyl group; 
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alternatively, a 3,5-diethoxyphenyl group; alternatively, a 3,5-diisopropoxyphenyl group; or alternatively, 

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

[0077] In an aspect, R2a and R2b independently can be hydrogen, an organyl group, or a triorganylsilyl 

group; alternatively, hydrogen or an organyl group; alternatively, hydrogen or a triorganylsilyl group; 

alternatively, hydrogen; alternatively, an organyl group; or alternatively, a triorganylsilyl group. In 

another aspect, R2a and/or R2b independently can be hydrogen, an organyl group consisting essentially of 

inert functional groups, or a tri(organyl group consisting essentially of inert functional groups)silyl group; 

alternatively, hydrogen or an organyl group consisting essentially of inert functional groups; alternatively, 

hydrogen or a tri (organyl group consisting essentially of inert functional groups)silyl group; alternatively, 

an organyl group consisting essentially of inert functional groups or a tri(organyl group consisting 

essentially of inert functional groups)silyl group; alternatively, an organyl group consisting essentially of 

inert: functional groups: or alternatively, a tri(organyl group consisting essentially of inert functional 

groupsjsilyl group. In an aspect, R2a and R"b independently can be hydrogen, a hydrocarbyl group, or a 

trihydrocarbylsilyi group; alternatively, hydrogen or a hydrocarbyl group; alternatively, hydrogen or a 

trihydrocarbylsilyi group; alternatively, a hydrocarbyi or a trihydrocarbylsilyi group; alternatively, a 

hydrocarbyl group; or alternatively, a trihydrocarbylsilyi group. Organyl groups, general and specific, are 

disclosed herein (e.g., as potential selections for R1) and any aspect or embodiment of these organyl 

groups disclosed herein can be utilized as R2a and/or R2D or as each independent organyl group of the 

triorganylsilyl group which can be utilized as R2a and/or R2s. Organyl groups consisting essentially of 

inert functional groups, general and specific, are disclosed herein (e.g., as potential selections for Rl) and 

any aspect or embodiment of these organyl groups consisting essentially of inert: functional group 

disclosed herein can be utilized as R2a and/or R2b or as each independent organyl groitp consisting 

essentially of inert functional groups of the tri(organyl group consisting essentially of inert functional 

groups)silyl group which can be utilized as Rza and/or R2b. Hydrocarbyl groups, general and specific, are 

disclosed herein (e.g., as potential selections for R1) and any aspect or embodiment of these hydrocarbyl 

groups disclosed herein can be utilized as R2a and/or Rzu or as each independent hydrocarbyl group of 

trihydrocarbylsilyi group which can be utilized as R~a and/or R2B. In yet other embodiments, R2a and/or 

R40 independently can be a C3 to C30 aromatic group; alternatively, a C3 to C2o aromatic group; 

alternatively, a C3to C<5 aromatic group; or alternatively, a C3 to Cio aromatic group. 

[0078] In an aspect, R2a and R"b independently can be a C. to C30 alkyl group, a C4 to C30 cycloalkyl 

group, a C4 to C30 substituted cycloaUkyl group, a C6 to C30 aryl group, or a C6 to C30 substituted aryl 

group; alternatively, a C4 to C30 cycloalkyl group or a C4 to C30 substituted cycloalkyl group; 

alternatively, a C6 to C30 aryl group or a C6 to C30 substituted aryl group; alternatively, a Ci to C30 alkyl 



WO 2013/184579 PCT/US2013/043902 

34 

group; alternatively, a C4 to C30 cycloalkyl group; alternatively, a C4 to C30 substituted cycloalkyl group; 

alternatively, a C6 to CJO aryl group; or alternatively, a C6 to C30 substituted aryl group. In an embodiment 

R2a and Rzb independently can be a C[ to C]5 alkyl group, a C4 to C20 cycloalkyl group, a C4 to C20 

substituted cycloalkyl group, a C6 to C2o aryl group, or a C6 to C20 substituted aryl group; alternatively, a 

C4 to C20 cycloalkyl group or a C4 to C20 substituted cycloalkyl group; alternatively, a C6 to C20 aryl group 

or a C6 to C20 substituted and group; alternatively, a Ci to Ci$ alkyl group; alternatively, a C4 to C20 

cycloalkyl group; alternatively, a C4 to C20 substituted cycloalkyl group: alternatively, a C6 to C20 aryl 

group; or alternatively, a C6 to C20 substituted aryl group. In other embodiments, R2a and R2b 

independently can be a Ci to Cio alkyl group, a C4 to Ci5 cycloalkyl group, a C4 to C15 substituted 

cycloalkyl group, a C6 to C15 aryl group, or a C6 to Cl5 substituted aryl group; alternatively, a C4 to Ci5 

cycloalkyl group or a C4 to Cj 5 substituted cycloalkyl group; alternatively, a C6 to C}5 aryl group or a C6 

to Cij substituted aryl group; alternatively, a Cj to C;0 alkyl group; alternatively, a C4 to C;5 cycloalkyl 

group; alternatively, a C4 to C'i5 substituted cycloalkyl group; alternatively, a C6 to C15 aryl group; or 

alternatively, a C6 to C15 substituted aryl group. In further embodiments, R2a and R7'" independently can 

be a Ci to C5 alkyl 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 Rza and/or 

R2b. 

[00791 In an embodiment, R/a and R~b independently can be a methyl group, an ethyl group, a propyl 

group, a butyl group, a pentyl group, a hexyl group, a heptyl group, an octyl group, a nonyl group, or a 

decyl group. In some embodiments, R2a and Rzb independently can be a methyl group, an ethyl 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 groitp, an iso-pentyl group, a sec-pentyl group, or a neopentyi group; alternatively, a 

methyl group, an ethyl group, an iso-propyl group, a tert-butyl group, or a neopentyi group; alternatively, 

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 neopentyi group. In some embodiments, the 

alkyl groups which can be utilized as R2a and/or R2b can be substituted. Each substituent of a substituted 

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 (e.g., as general substituents and substituents for substituted R1 groups) 

and can be utilized without limitation to further describe the substituted alkyl group which can be utilized 

as R2a and/or R2b. 

[0080] In an embodiment R2a and R"b independently can be a cyclobutyl group, a substituted 

cyclobutyl group, a cyclopentyl group, a substituted cyclopentyl group, a cyclohexyl group, a substituted 
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cyclohexyl group, a cycloheptyl group, a substituted cycloheptyl group, a cyclooctyl group, or a 

substituted cyclooctyl group. In some embodiments, R2a and Rzb independently can be a cyclopentyl 

group, a substituted cyclopentyl group, a cyclohexyl group, or a substituted cyclohexyl group. In other 

embodiments, R2a and Ri0 independently can be a cyclopentyl group or a substituted cyclopentyl group; 

or alternatively, a cyclohexyl group or a substituted cyclohexyl group. In further embodiments, R2* and 

R2C independently can be a cyclopentyl group; alternatively, a substituted cyclopentyl group; a cyclohexyl 

group; or alternatively, a substituted cyclohexyl group. Substituents (general and specific) are 

independently disclosed herein and can be utilized without limitation to further describe the substituted 

cycloalkyl group which can be utilized as Rza and/or R2\ 

[0081] In an aspect, Rza and R2b independently can have Structure G3 and Structure G4, respectively: 

of the N2-phosphinyl guanidine group. Generally, R2:c, R2'c, R24c, and R2*® of Structure G3 and RJlc, RS3C, 

RJ4C, and RJ5° of Structure G4 independently can be hydrogen or a non-hydrogen substituent, and each n 

independently can be an integer from 1 to 5. In an embodiment wherein R2a has Structure G3, Rilc, Rz3c, 

R24C, and R2,c can be hydrogen and R2/"c can be any non-hydrogen substituent disclosed herein; or 

alternatively, Rzlc, R23®, and Rz5c can be hydrogen and R2zc and R24c independently can be any non-

hydrogen substituent disclosed herein. In an embodiment wherein R2b has Structure G4, RSlc, R3 'c, R34c, 

and RI5C can be hydrogen and RJZC can be any non-hydrogen substituent disclosed herein; or alternatively, 

R"c, R330, and R'5c can be hydrogen and RJ2C and R34c 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, each n independently can be 2 or 3; alternatively, 2; or alternatively 3. 

Substituents (general and specific) are independently disclosed herein and can be utilized without 

limitation as R2lc, R230, R24®, and R25c for the R2a group having Structure G3 and/or R3lc, R3~c, RJ4C, and 

R'5c for the R2b group having Structure G4. 

[0082] In an embodiment, R2a and R2b independently can be a phenyl group or a substituted phenyl 

group. In some embodiments, R2a and Rzb can be a phenyl group; or alternatively, a substituted phenyl 

group. In an embodiment, the R2a and R2b substituted phenyl group independently can be a 2-substituted 

Structure G3 Structure G4 

wherein, the undesignated valency of Structure G3 and Structure G4 is attached to the N* nitrogen atom 
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phenyl group, a 3-substituted phenyl group, a 4-substituted 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 phenyl 

substituted phenyl group, a 4-substituted phenyl group, a 2,4-disubstituted phenyl 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 phenyl group; 

alternatively, a 3-subsituted phenyl group or a 3,5-disubstituted phenyl group; alternatively, a 

2-substituted phenyl 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-trisubstituted 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; 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 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 substituted phenyl group which can be utilized as Rza and/or R20. 

[0083] In an aspect, R2a and Rzb independently can have Structure G5 and Structure G6, respectively: 

wherein the undesignated valency of Structure G5 and Structure G6 is attached to the N3 nitrogen atom of 

the N^-phosphinyl guanidine group. Generally, Rz2, Rz\ Rz4, R2', and R26 of Structure G5 and R"z, R", 

R*, R'5, and R36 of Structure G6 independently can be hydrogen or a non-hydrogen substituent. In an 

embodiment, R2z, Rz3, R24, Rz:\ and R26 of Structure G5 can be hydrogen, R2"', Rz4, R25, and R2'0 can be 

hydrogen and R2z can be a non-hydrogen substituent, R22, Rz':, R2D, and R26 can be hydrogen and R23 can 

be a non-hydrogen substituent, Rz2, R23, Rz5, and R26 can be hydrogen and Rz4 can be a non-hydrogen 

substituent, R2"1, R25, and Rz6 can be hydrogen and R22 and Rz4 can be non-hydrogen substituents, R2', R24, 

and RZJ can be hydrogen and R2z and Rz6 can be non-hydrogen substituents, Rzz, Rz4, and Rz6 can be 

hydrogen and R2"' and R25 can be non-hydrogen substituents, or R2"' and R25 can be hydrogen and R22, R24, 

and R~6 can be non-hydrogen substituents. In some embodiments, R23, Rz\ R25, and R~6 of Structure G5 

group. In other embodiments, the Rza and Rzb substituted phenyl group independently can be a 2-

Structure G5 Structure C 16 
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can be hydrogen and R2z can be a non-hydrogen substituent, R*2, Rz3, R2'\ and R"e can be hydrogen and 

R24 can be a non-hvdrogen substituent, R", R"5, and R2c can be hydrogen and R2z and R24 can be non-

hydrogen substituents, R23, Rz'f, and Rz5 can be hydrogen and R" and R26 can be non-hydrogen 

substituents, or Rz and R" can be hydrogen and Rz", R"", and Rz can be non-hydrogen substituents; 
1 .i ^ ^ ")0 1") alternatively, R"3, R"', R% and Rz" can be hydrogen and R" can be a non-hydrogen substituent, R:", R4-, 

R25, and Rz0 can be hydrogen and R24 can he a non-hydrogen substituent, Rz3, Rz3, and Rz6 can be 

hydrogen and R22 and R24 can be non-hydrogen substituents, or Rz3, Rz\ and R25 can be hydrogen and R22 

and R2C can be non-hydrogen substituents; alternatively, RZz, R24, Rz\ and R26 can be hydrogen and R"" 

can be a non-hydrogen substituent, or R22, R24, and R2° can be hydrogen and Rz3 and Rz5 can be non-

hydrogen substituents; alternatively, Rzi, Rz4, R25, and R26 can be hydrogen and Rzz can be a non-

hydrogen substituent, or R22, R23, R"'5, and R26 can be hydrogen and R24 can be a non-hydrogen 

substituent; alternatively, Rz\ R25, and Rz6 can be hydrogen and Rz2 and R24 can be non-hydrogen 

substituents, Rz'', R ', and R " can be hydrogen and Rz" and R~ can be non-hydrogen substituents, or R 3 

and R2'5 can be hydrogen and Rz2', Rz4, and R26 can be non-hydrogen substituents; or alternatively, R2', R2\ 

and R26 can he hydrogen and R2z and Rz4 can be non-hydrogen substituents, or Rz3, R24, and R"5 can be 

hydrogen and R2z and R26 can be non-hydrogen substituents. In other embodiments, R"'2, R2"', Rz4, R25, 

and R2C of Structure G5 can be hydrogen; alternatively, R23, R24, R25, and Rz6 can be hydrogen and R22 can 

be a non-hydrogen substituent; alternatively, Rz2, Rz4, R25, and Rz6 can be hydrogen and R23 can be a non-

hydrogen substituent; alternatively, R22, R23, Rz3, and R26 can be hydrogen and R24 can be a non-hydrogen 

substituent; alternatively, Rz3, R \ and R26 can be hydrogen and R22 and R24 can be non-hydrogen 

substituents: alternatively, R23, Rz4, and R25 can be hydrogen and Rz2 and Rz0 can be non-hydrogen 

substituents; alternatively, Rzz, R~ , and Rz can be hydrogen and Rz and Rz and can be non-hydrogen 
92 09 'y A ""g substituents; or alternatively, R" and R * can be hydrogen and R % R", and R" can be non-hydrogen 

substituents. In an embodiment, R3Z, R33, R'4, R33, and R3b of Structure G6 can be hydrogen, R'3, R34, 

Rs\ and R'6 can be hydrogen and R32 can be a non -hydrogen substituent, R32, R'4, R35, and R36 can be 

hydrogen and R33 can be a non-hydrogen substituent, R3Z, R33, R35, and R36 can be hydrogen and R34 can 

be a non-hydrogen substituent, R , RJ\ and R~ can be hydrogen and R3Z and R3 can be non-hydrogen 

substituents, R33, R34, and R35 can be hydrogen and R32 and R36 can be non-hydrogen substituents, R3Z, 

R'4, and R36 can be hydrogen and R3' and R35 can be non-hydrogen substituents, or R33 and R35 can be 

hydrogen and R32, R34, and R36 can be non-hydrogen substituents. In some embodiments, R33, R3+, R3\ 

and R36 of Structure G6 can be hydrogen and R3Z can be a non-hydrogen substituent, R3Z, R33, R35, and R36 

can be hydrogen and R34 can be a non-hydrogen substituent, R33, R35, and R3t> can be hydrogen and R32 

and R'4 can be non-hydrogen substituents, R33, R'4, and R'5 can be hydrogen and R3Z and R36 can be non-
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hydrogen substituents, or R33 and R33 can he hydrogen and R32, R34, and R36 can be non-hydrogen 

substituents; alternatively, R33, R34, R35, and R36 can be hydrogen and R32 can be a non-hydrogen 

substituent, R32, R33, R35, and R36 can be hydrogen and R34 can be a non-hydrogen substituent, R33, R35, 

and R3° can be hydrogen and R32 and R34 can be non-hydrogen substituents, or R33, R34, and R3 ' can be 

hydrogen and R32 and R36 can be non-hydrogen substituents; alternatively, R3/', R34, R'5, and R36 can be 

hydrogen and R33 can be a non-hydrogen substituent, or R3"', R34, and R36 can be hydrogen and R33 and R35 

can be non-hydrogen substituents: alternatively, R33, R34, R33, and R36 can be hydrogen and R3i can be a 

non-hydrogen substituent, or R"1, R", R"", and R can be hydrogen and R"' can be a non-hydrogen 

substituent; alternatively, R33, R35, and R36 can be hydrogen and R32 and R34 can be non-hydrogen 

substituents, R'3, R'4, and R3 ' can be hydrogen and R32 and R36 can be non-hydrogen substituents, or R3' 

and R35 can be hydrogen and R32, R34, and R36 can be non-hydrogen substituents; or alternatively, R3', R35, 

and R36 can be hydrogen and R" and R3" can be non-hydrogen substituents, or R33, R34, and R35 can be 

hydrogen and R32 and R36 can be non-hydrogen substituents. In other embodiments, R3i, R33, R34, R35, 

and R36 of Structure G6 can be hydrogen; alternatively, R33, R34, R33, and R3ft can be hydrogen and R32 can 

be a non-hydrogen substituent; alternatively, R3", R"'4, R'3, and R30 can be hydrogen and R33 can be a non-

hydrogen substituent; alternatively, R32, R33, R35, and R36 can be hydrogen and R'4 can be a non-hydrogen 

substituent; alternatively, R33, R35, and R36 can be hydrogen and R32 and R34 can be non-hydrogen 

substituents; alternatively, R33, R34, and R35 can be hydrogen and R3" and R3b can be non-hydrogen 

substituents; alternatively, R", R34, and R36 can be hydrogen and R33 and R33 and can be non-hydrogen 

substituents; or alternatively, R33 and R'3 can be hydrogen and R'z, R34, and R36 can be non-hydrogen 

substituents. Substituents (general and specific) are independently disclosed herein and can be utilized 

without limitation as R22, R23, R24, R/5, and/or R26 for the R/a group having Structure G5 and/or R32, R33, 

R34, R33, and/or R3b for the Rz" group having Structure G6. 

10084] In a non-limiting embodiment, R2a and R2b independently can be a phenyl group, a 2-aikyi-

phenyl group, a 3-alkylphenyl group, a 4-alkylphenyl group, a 2,4-dialkylphenyl group, a 2,6-dialkyl­

phenyl group, a 3,5-dialkylphenyl group, or a 2,4,6-trialkylphenyl group: alternatively, a 2-alkylphenyl 

group, a 4-alkylphenyl group, a 2,4-diallcylphenyI group, a 2,6-dialkylphenyl group, or a 2,4,6-trialkyl-

phenyl group; alternatively, a 2-alkylphenyl group or a 4-alkylphenyl group; alternatively, a 2,4-dialkyl-

phenyi group, a 2,6-dialkylphenyl group, or a 2,4,6-trialkylphenyl group; alternatively, a 2,4-dialkyl-

phenyl group or a 2,6-dialkylphenyl group; alternatively, a 2,6-dialkylphenyl group, or a 2,4,6-trialkyl­

phenyl group; alternatively, a 3-alkylphenyl groitp or a 3,5-dialkylphenyl group; alternatively, a 2-alkyl-

phenyl group or a 2,6-dialkylphenyl group; alternatively, a 2-alkylphenyl group; alternatively, a 3-alkyl­

phenyl group; alternatively, a 4-alkylphenyl group; alternatively, a 2,4-dialkylphenyl group; alternatively, 
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a 2,6-dialkylphenyl group; alternatively, a 3,5-dialkylphenyl group; or alternatively, a 2,4,6-trialkylphenyl 

group. In another non-limiting embodiment, R2a and R2b independently can be a phenyl group, a 

2-alkoxyphenyl group, a 3-alkoxyphenyl group, a 4-alkoxyphenyl group, or 3,5-dialkoxyphenyl group; 

alternatively, a 2-alkoxyphenyl group or a 4-alkoxyphenyl group; alternatively, a 3-alkoxyphenyl group 

or 3,5-dialkoxyphenyl group; alternatively, a 2-alkoxyphenyl group; alternatively, 3-alkoxyphenyl group; 

alternatively, a 4-alkoxyphenyl group; alternatively, 3,5-dialkoxyphenyl group. In other non-limiting 

embodiments, R2® and R2b independently can be a phenyl group, a 2-halophenyl group, a 3-halophenyl 

group, a 4-halophenyl group, a 2,6-dihalophenylgroup, or a 3,5-dialkylphenyl group; alternatively, a 

2-halophenyl group, a 4- halophenyl group, or a 2,6-dihalophenyl group; alternatively, a 2-halophenyl 

group or a 4-halophenyl 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-dihalophenylgroup; or alternatively, a 3,5-dihalophenyl group. Halides, alkyl 

group substituents (general and specific), and alkoxy group substituents (general and specific) are 

independently described herein and can be utilized, without limitation, to further describe the alkylphenyl, 

dialkj'iplienyl, trialkylphenyl, alkoxyphenyl, dialkoxyphenyl, halophenyl, or dihalophenyl groups that can 

be utilized as R2* and/or R20. Generally, the halides, alkyl substituents, or alkoxy substituents of a dialkyl, 

trialkyl phenyl, dialkoxyphenyl, or dihalophenyl groups can be the same; or alternatively the halo, alkyl 

substituents, or alkoxy substituents of alkylphenyl, dialkylphenyl, trialkylphenyl, dialkoxyphenyl, or 

dihalophenyl groups can be different. 

[0085] In a non-limiting embodiment, Rza and Rzb independently can he a 2-methylphenyl group, a 

2-ethylphenyl group, a 2-isopropylphenyl group, a 2-tert-butylphenyl group, a 4-methylphenyl group, a 

4-ethylphenyl group, a 4-isopropylphenyl group, or a 4-tert-butylphenyl group; alternatively, a 2-methyl-

plienyl group, a 2-ethylphenyl group, a 2-isopropylphenyl group, or a 2-tert-butylphenyl group; 

alternatively, a 4-methylphenyl group, a 4-ethylphenyl group, a 4-isopropylphenyl group, or a 4-tert-

butylphenyl group; alternatively, a 2-methylphenyl group; alternatively, a 2-ethylphenyl group; 

alternatively, a 2-isopropylphenyl group; alternatively, a 2-tert-butylphenyl group; alternatively, a 

4-methylphenyl group; alternatively, a 4-ethylphenyl group; alternatively, a 4-isopropylphenyl group; or 

alternatively, a 4-tert-butylphenyl group. In another non-limiting embodiment, R2* and Rzb independently 

can be a 2-methoxyphenyl group, a 2-ethoxyphenyl group, a 2-isopropoxyphenyl group, a 2-tert-butoxy-

phenyl group, a 4-methoxyphenyl group, a 4-ethoxyphenyl group, a 4-isopropoxyphenyl group, or a 4-

tert-butoxyphenyl group; alternatively, a 2-methoxyphenyl group, a 2-ethoxyphenyl group, a 

2-isopropoxyphenyl group, or a 2-tert-butoxyphenyl group; alternatively, a 4-methoxyphenyl group, a 

4-ethoxyphenyl group, a 4-i sopropoxyphenyl group, or a 4-tert-butoxyphenyl group; alternatively, a 
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2-methoxyphenyl group; alternatively, a 2-ethoxyphenyl group; alternatively, a 2-isopropoxyphenyl 

group; alternatively, a 2-tert-butoxyphenyl group; alternatively, a 4-methoxyphenyl group; alternatively, a 

4-ethoxyphenyl groitp; alternatively, a 4-isopropoxyphenyl groitp; or alternatively, a 4-tert-butoxyphenyl 

group. In other non-limiting embodiments, R~a and R2D independently can be a 2-fluorophenyl group, a 

2-chlorophenyl group, a 3-fluorophenyl group, a 3-chlorophenyl group, a 4-fluorophenyl group, a 

4-chlorophenyl group, a 3,5-difluorophenyl group, or a 3,5-dichlorophenyl group; alternatively, a 

2-fluorophenyl group or a 2-chlorophenyl group: alternatively, a 3-fluorophenyl group or a 3-chloro-

phenyl group; alternatively, 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-chlorophenyl group, a 3,5-difluorophenyl group or a 3,5-dichlorophenyl group; alternatively, a 

3-fluorophenyl group or a 3,5-difluorophenyl group; alternatively, a 2-fluorophenyl group; alternatively, a 

2-chlorophenyl 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] In an embodiment, R2a and R2s independently can he a trihydrocarbylsilyi group. The 

trihydrocarbylsilyi group can have the general formula SiR3 where R is a hydrocarbyl group of the type 

disclosed herein. In some embodiments, each hydrocarbyl group, of the trihydrocarbylsilyi group 

substituent of Rza and/or R/b, independently can be an alkyl group, an aryl group, or an aralkyl group; 

alternatively, an alkyl group; alternatively, an aryl group; or alternatively, an aralkyl group. In an 

embodiment, each alkyl substituent, which can be utilized as R for any trihydrocarbylsilyi group 

substituent of Rza and/or Rzb (general or specific), independently can be a methyl group, an ethyl group, 

an n-propyl group, an isopropyl group, an n-butyl group, a sec-butyl group, an isobutyl group, a tert-butyl 

group, an n-pentyl group, a 2-pentyl group, a 3-pentyl group, a 2-methyl-l-butyl group, a tert-pentyl 

group, a 3-methyl-l-butyl group, a 3-methyl-2-butyl group, or a neo-pentyl group; alternatively, a methyl 

group, an ethyl group, an isopropyl group, a tert-butyl group, or a neo-pentyl group; alternatively, a 

methyl group; alternatively, an ethyl group; alternatively, an isopropyl group; alternatively, a tert-butyl 

group; or alternatively, a neo-pentyl group. In an embodiment, each aryl substituent, which can be 

utilized as R for any trihydrocarbylsilyi group of R2a and/or R20 (general or specific), independently can 

be a phenyl group, a tolyl group, a xylyl group, or a 2,4,6-trimethylphenyl group; alternatively, a phenyl 

group; alternatively, a tolyl group; alternatively, a xylyl group; or alternatively, a 2,4,6-trimethylphenyl 

group. In an embodiment, each aralkyl substituent, which can be utilized as R for any trihydrocarbylsilyi 

group substituent of R2a and/or R2D (general or specific), independently can be a benzyl group. 
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J0087J In an embodiment, the trihydrocarbylsilyi group which can be utilized as Rza and R2b 

independently can be a trialkylsilyl group, a triarylsilyl group, or a trialkaryl silyl group: alternatively, 

trialkylsilyl group; alternatively, a triarylsilyl group; or alternatively, a trialkaryl silyl group. In some 

embodiments, each trihydrocarbyl group which can be utilized as R2a and/or R2° independently can be a 

trimethyisilyl group, a trietliylsilyi group, a tripropylsilyl group, a triphenylsilyl group, or a tribenzylsilyl 

group; alternatively, a trimethyisilyl group, a triethylsilyl group, or a tripropylsilyl group; alternatively, a 

trimethyisilyl group; alternatively, a trietliylsilyi group; alternatively, a tripropylsilyl group; alternatively, 

a triphenylsilyl group; or alternatively, a tribenzylsilyl groitp. 

[00881 In an aspect, R' can be hydrogen. In another aspect, R5 can be an organyl group; alternatively, 

an organyl group consisting essentially of inert functional groups; or alternatively, a hydrocarbyl group. 

Organyl groups (general and specific) are disclosed herein (e.g., as potential selections for R1) and any 

aspect or embodiment of these organyl groups disclosed herein can be utilized as RJ, Organyl groups 

consisting essentially of inert functional groups (general and specific) are disclosed herein (e.g., as 

potential selections for Rl) and aspect or embodiment of these organyl groups consisting essentially of 

inert functional group disclosed herein can be utilized as R3. Hydrocarbyi groups (general and specific) 

are disclosed herein (e.g., as potential selections for R1) and aspect or embodiment of these hydrocarbyl 

groups disclosed herein can be utilized as R"\ In yet other embodiments, RJ can be a C3 to C3o aromatic 

group; alternatively, a C3 to C20 aromatic group; alternatively, a C3to C'i5 aromatic group; or alternatively, 

a C3 to Cio aromatic group. 

[0089] In an aspect, R3 can be a Q to C30 alkyl group, a C4 to C30 cycloalkyl group, a C4 to C30 

substituted cycloalkyl group, a C6 to C30 aryl group, or a C6 to C30 substituted aryl group; alternatively, a 

C4 to C30 cycloalkyl group or a C4 to C30 substituted cycloalkyl group; alternatively, a C6 to C30 aryl group 

or a Q to C30 substituted aryl group; alternatively, a Ci to C30 alkyl group; alternatively, a C4 to C30 

cycloalkyl group; alternatively, a C4 to C30 substituted cycloalkyl group; alternatively, a C6 to C30 aryl 

group; or alternatively, a C6 to C30 substituted aryl group. In an embodiment, R3 can be a Cj to C)5 alkyl 

group, a C4 to C20 cycloalkyl group, a C4 to C20 substituted cycloalkyl group, a C6 to C2o aryl groitp, or a 

C6 to C20 substituted aryl groitp; alternatively, a C4 to C20 cycloalkyl group or a C4 to C20 substituted 

cycloalkyl group; alternatively, a C6 to C20 aryl group or a C6 to C20 substituted aryl group; alternatively, a 

Ci to C15 alkyl group; alternatively, a C4 to C20 cycloalkyl group; alternatively, a C4 to C20 substituted 

cycloalkyl group; alternatively, a C6 to C20 aryl group; or alternatively, a C6 to C20 substituted aryl group. 

In other embodiments, RJ can be a C( to Cio alkyl group, a C4 to C'i5 cycloalkyl group, a C4 to C;5 

substituted cycloalkyl group, a C6 to C15 aryl group, or a C6 to C[5 substituted aryl group; alternatively, a 

C4 to C!5 cycloalkyl group or a C4 to Ci5 substituted cycloalkyl group; alternatively, a C6 to Ci5 aryl group 
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or a C6 to Cjs substituted and group; aiternativeiy, a Ci to Cio alkyl group; aiternativeiy, a C4 to C!5 

cycloalkyl group; alternatively, a C4 to Ci5 substituted cycloalkyl group; alternatively, a C6 to Cu aryl 

group; or alternatively, a C6 to C'i5 substituted aryl group. In further embodiments, R3 can be a C; to C5 

alkyl 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\ 

[0090] In an embodiment, R3 can be a methyl group, an ethyl group, a propyl group, a butyl group, a 

pentyl group, a hexyl group, a heptyl group, an octyl group, a nonyl group, or a decyl group. In some 

embodiments, R3 can be a methyl group, an ethyl 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 iso-peiityl 

group, a sec-pentyl group, or a neopentyi group; aiternativeiy, a methyl group, an ethyl group, an iso­

propyl group, a tert-butyl group, or a neopentyi group; aiternativeiy, 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 neopentyi group. In some embodiments, the alkyl groups which can be utilized 

as R3 can be substituted. Each substituent of a substituted alkyl group independently can be a halogen or 

a hydrocarboxy group; aiternativeiy, 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 Rl groups) and can be utilized without limitation to further 

describe the substituted alkyl group which can be utilized as R3. 

[0091] In an embodiment, R' can be a cyclobutyl group, a substituted cyclobutyl group, a cyclopentyl 

group, a substituted cyclopentyl group, a cyclohexyl group, a substituted cyclohexyl group, a cycloheptyl 

group, a substituted cycloheptyl group, a cyclooctyl group, or a substituted cyclooctyl group. In some 

embodiments, R3 can be a cyclopentyl group, a substituted cyclopentyl group, a cyclohexyl group, or a 

substituted cyclohexyl group. In other embodiments, R3 can be a cyclopentyl group or a substituted 

cyclopentyl group; or alternatively, a cyclohexyl group or a substituted cyclohexyl group. In further 

embodiments, R3 can be a cyclopentyl group; alternatively, a substituted cyclopentyl group; a cyclohexyl 

group; or alternatively, a substituted cyclohexyl group. Substituents (general and specific) are 

independently disclosed herein and can be utilized without limitation to further describe the substituted 

cycloalkyl group which can be utilized as R3. 

[0092] In an aspect, R3 can have Structure Gl 1: 
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R53C 

;Ci"vs Structure Gil 

R65C 

wherein, the undesignated valency is attached to the NT nitrogen atom of the N^-phosphinyl guanidine 

group. Generally, Rolc, R62c, R6JC, R64c, and R65c independently can be hydrogen or a non-hydrogen 

substituent, and n can be an integer from 1 to 5. In an embodiment wherein Ra has Structure Gl i, R6k, 

Rb3c, Rfec, and Rfcc can be hydrogen and R6iC can be any non-hydrogen substituent disclosed herein; or 

aiternativeiy, Reic, Rft3c, and Re'c can be hydrogen and R62c and R64c independently can he any non-

hydrogen substituent disclosed herein, in an embodiment, n can be an integer from 1 to 4; or 

alternatively, from 2 to 4. In other embodiments, n 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 Rplc, 

R62c, Rfcc, Ro4c, and/or R65c for the R3 group having Structure Gl 1. 

[0093] in an embodiment, RJ can be a phenyl group or a substituted phenyl group. In some 

embodiments, RJ can be a phenyl group; or alternatively, a substituted phenyl group. In an embodiment, 

the R3 substituted phenyl group can be a 2-substituted phenyl group, a 3-substituted phenyl group, a 4-

substituted 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 phenyl group. In other embodiments, the R3 

substituted phenyl group can be a 2-substituted phenyl group, a 4-substituted phenyl group, a 2,4-

disubstituted phenyl group, a 2,6-disubstituted phenyl groitp, 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 phenyl group; alternatively, a 3-subsituted phenyl group or a 3,5-disubstituted 

phenyl group; alternatively, a 2-substituted phenyl 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-trisubstituted 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; alternatively, a 2-substituted phenyl 

group; alternatively, a 3-substituted phenyl group; aiternativeiy, 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 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 substituted phenyl group which can be utilized as R\ 
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] In an aspect, R3 can have Structure G12: 

RKS pS2 

'7 W R" ""\ * Structure 

R65 R68 

wherein the undesignated valency is attached to the N1 nitrogen atom of the N^-phospbinyl guanidine 

group. Generally, R62, Rfc, R°4, R63, and R66 independently can be hydrogen or a non-hydrogen 

substituent. In an embodiment wherein R3 has Structure G12, R°2, R°3, R04, Rb5, and R66 can be hydrogen, 
Rb3, R64, R°5, and R°° can be hydrogen and R°2 can be a non-hydrogen substituent, R°2, Rb4, Rfo, and R°6 

can be hydrogen and R°3 can be a non-hydrogen substituent, Rbz, R6', R°3, and Rbo can be hydrogen and 

R64 can be a non-hydrogen substituent, R6', Rfo, and R66 can be hydrogen and R62 and R°4 can be non -

hydrogen substituents, R63, R64, and R63 can be hydrogen and R6z and R°6 can be non-hydrogen 

substituents, R13", R6\ and R6b can be hydrogen and R°3 and Rfo can be non-hydrogen substituents, or R6' 

and R°5 can be hydrogen and R6/, R04, and R60 can be non-hydrogen substituents. In some embodiments 

wherein R3 has Structure G12, R6', R"4, R.fc, and R66 can be hydrogen and R62 can be a non-hydrogen 

substituent, R62, RM, R63, and R°6 can be hydrogen and R64 can be a non-hydrogen substituent, RM, R63, 

and Rcc can be hydrogen and R6z and R6" can be non-hydrogen substituents, R6J, R6", and R63 can be 

hydrogen and R62 and R60 can be non-hydrogen substituents, or R°3 and Rb5 can be hydrogen and R°2, R04, 

and Rfe can be non-hydrogen substituents; alternatively,R63, R64, R°3, and R66 can be hydrogen and R°" 

can be a non-hydrogen substituent, R62, R°3, R°5, and R66 can be hydrogen and R64 can be a non-hydrogen 

substituent, R6J, R°5, and R°6 can be hydrogen and R°2 and R64 can be non-hydrogen substituents, or R63, 

R64, and Rfo can be hydrogen and R0i and R°6 can be non-hydrogen substituents; alternatively, R"2, R6", 

Rfo, and R66 can be hydrogen and R°3 can be a non-hydrogen substituent, or R0i, R04, and R60 can be 

hydrogen and R°3 and R°5 can be non-hydrogen substituents; alternatively, R63, R64, R.fc, and R6" can be 

hydrogen and R62 can be a non-hydrogen substituent, or R62, R°3, R65, and R°6 can be hydrogen and R64 

can be a non-hydrogen substituent; alternatively, R63, Rfo, and R06 can be hydrogen and R62 and R64 can be 

non-hydrogen substituents, R°3, R04, and R63 can be hydrogen and R13" and R6b can be non-hydrogen 

substituents, or R63 and R63 can be hydrogen and R°2, R64, and R66 can be non-hydrogen substituents; or 

alternatively, R.R3, R°3, and R66 can be hydrogen and R62 and R64 can be non-hydrogen substituents, or R6', 

R64, and R°5 can be hydrogen and R6z and R6° can be non-hydrogen substituents. In other embodiments 
•t62 T}63 TJ64 T)65 t TV66 _ u i o , , • i y>63 T->64 D65 wherein R- has Structure G12, R", R°", R°\ RJ3, and R"5 can be hydrogen; alternatively, R°", R°\ RJ3, and 

R60 can be hydrogen and R0i can be a non-hydrogen substituent; alternatively, R62, R°4, R05, and R6b can 

be hydrogen and R6' can be a non-hydrogen substituent; alternatively, R62, R63, R°5, and R66 can be 
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hydrogen and R64 can be a non-hydrogen substituent; alternatively, Roi, R"1, and R66 can be hydrogen and 

R62 and R°4 can be non-hydrogen substituents: alternatively, Rfc, R°4, and R65 can be hydrogen and R62 

and R6C can be non-hydrogen substituents; alternatively, R6i, R64, and R60 can be hydrogen and R6* and 

Rb5 and can be non-hydrogen substituents; or alternatively, R6' and R°5 can be hydrogen and R°2, R04, and 

R66 can be non-hydrogen substituents. Substituents (general and specific) are independently disclosed 

herein and can he utilized without limitation as R6z, R6"', R64, R65, and R66 for the R3 group having 

Structure G12. 

[0095] In a non-limiting embodiment, R3 can be a phenyl group, a 2-alkylphenyl group, a 3-alkyl­

phenyl group, a 4-alkylphenyl group, a 2,4-dialkylphenyl group, a 2,6-dialkylphenyl group, a 3,5-dialkyl­

phenyl group, or a 2,4,6-trialkylphenyl group; alternatively, a 2-alkylphenyl group, a 4-alkylphenyl group, 

a 2,4-dialkylphenyl group, a 2,6-dialkylphenyl group, or a 2,4,6-trialkylphenyl group; alternatively, a 

2-alkylphenyl group or a 4-alkylphenyl 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-dialkyl­

phenyl group; alternatively, a 2,6-dialkylphenyl group, or a 2,4,6-trialkylphenyl group; alternatively, a 

3-alkylphenyl group or a 3,5-dialkylphenyl group; alternatively, a 2-alkylphenyl group or a 2,6-dialkyl­

phenyl group; alternatively, a 2-alkylphenyl group; alternatively, a 3-alkylphenyl group; alternatively, a 

4-alkylphenyl group; alternatively, a 2,4-dialkylphenyl groitp; alternatively, a 2,6-dialkylphenyl group; 

alternatively, a 3,5-dialkylphenyl group; or alternatively, a 2,4,6-trialkylphenyl group. In another non-

limiting embodiment, R1 can be a phenyl group, a 2-alkoxyphenyl group, a 3-alkoxyphenyl group, a 

4-alkoxyphenyl group, or a 3,5-dialkoxyphenyl group; alternatively, a 2-alkoxyphenyl group or a 

4-alkoxyphenyl group; alternatively, a 3-alkoxyphenyl group or 3,5-dialkoxyphenyl group; alternatively, 

a 2-alkoxyphenyl group; alternatively, a 3-alkoxyphenyl group; alternatively, a 4-alkoxyphenyl group; 

alternatively, a 3,5-dialkoxyphenyl group. In other non-limiting embodiments, R' can be a phenyl group, 

a 2-halophenyl group, a 3-halophenyl group, a 4-halophenyl group, a 2,6-dihalophenylgroup, or a 

3,5-dialkylphenyl group; alternatively, a 2-halophenyl group, a 4- halophenyl group, or a 2,6-dihalo-
phenyl group; alternatively, a 2-halophenyl group or a 4-halophenyl group; alternatively, a 3-halophenyl 

group or a 3,5-dihalophenyl group; alternatively, a 2-halophenyl groitp; alternatively, a 3-halophenyl 

group; alternatively, a 4-halophenyl group; alternatively, a 2,6-dihalophenylgroup; or alternatively, a 

3,5-dihalophenyl group. Halides, alkyl group substituents (general and specific), and alkoxy group 

substituents (general and specific) are independently described herein and can be utilized, without 

limitation, to further describe the alkylphenyl, dialkylphenyl, trialkylphenyl, alkoxyphenyl, dialkoxy­

phenyl, halophenyl, or dihalophenyl groups that can be utilized R3. Generally, the halides, alkyl 

substituents, or alkoxy substituents of a dialkyl, trialkyl phenyl, dialkoxyphenyl, or dihalophenyl group 
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can be the same; or alternatively the halo, alkyl substituents, or alkoxy substituents of alkylphenyl, 

dialkylphenyl, trialkylphenyl, dialkoxyphenyl, or dihalophenyl groups can be different, 

[0096] In a non-limiting embodiment, R3 can be a 2-methylphenyl group, a 2-ethylphenyl group, a 

2-isopropylphenyl group, a 2-tert-butylphenyl group, a 4-methylphenyl group, a 4-ethylphenyl group, a 

4-isopropylphenyl group, a 4-tert-butylphenyl group, a 2,6-dimethylphenyl group, a 2,6-diethylphenyl 

group, a 2,6-diisopropylphenyl group, or a 2,6-di-tert-butylphenyl group; alternatively, a 2-methylphenyl 

group, a 2-ethylphenyl group, a 2-isopropylphenyl group, or a 2-tert-butylphenyl group, a 4-methylphenyl 

group, a 4-ethylphenyl group, a 4-isopropylphenyl group, or a 4-tert-butylphenyl group; alternatively, a 

2-methylphenyl group, a 2-ethylphenyl group, a 2-isopropylphenyl group, or a 2-tert-butylphenyl group; 
alternatively, a 4-methylphenyl group, a 4-ethylphenyl group, a 4-isopropylphenyl group, or a 4-tert-

butylphenyl group; or alternatively, a 2,6-dimethylphenyl group, a 2,6-diethylphenyl group, a 2,6-di-n-

propylphenyl group, a 2,6-diisopropylphenyl group, or a 2,6-di-tert-butylphenyl group. In another non-

limiting embodiment, R3 can be a 2-methylphenyl group; alternatively, a 2-ethylphenyl group; 

alternatively, a 2-isopropylphenyl group; alternatively, a 2-tert-butylphenyl group; alternatively, a 

4-methylphenyl group; alternatively, a 4-ethylphenyl group; alternatively, a 4-isopropylphenyl group; or 

alternatively, a 4-tert-butylphenyl group. 

[0097] In an aspect, R': and R5 independently can be an organyl group; alternatively, an organyl group 

consisting essentially of inert functional groups; or alternatively, a hydrocarbyl group. Organyl groups 

(general and specific) are disclosed herein (e.g., as potential selections for R1) and these organyl groups 

can be utilized as R4 and/or R5. Organyl groups consisting essentially of inert functional groups, general 

and specific, are disclosed herein (e.g., as potential selections for R1) and these organyl groups consisting 

essentially of inert functional groitp can be utilized as R4 and/or R5. Hydrocarbyl groups, general and 

specific, are disclosed herein (e.g., as potential selections for R1) and these hydrocarbyl groups can be 

utilized as R4 and/or R\ In yet other embodiments, R4 and R5 independently can be selected from a C3 to 

C30 aromatic group; alternatively, a C3 to C?o aromatic group; alternatively, a C3to C]5 aromatic group; or 

alternatively, a Cj to Cio aromatic group. In an aspect, R4 and R3 can be joined to form a ring (regardless 
of particular type of group - organyl, organyl consisting of inert functional groups, hydrocarbyl, or any 

species within) containing the phosphorus atom of the N^-phospbinyl guanidine group. 

[0098] In another aspect, R* and R5 independently can be a Q to C30 alkyl group, a C4 to C30 

cycloalkyl group, a C4 to C'30 substituted cycloalkyl group, a C3 to C30 aliphatic heterocyclic group, a C'3 to 

C3o substituted aliphatic heterocyclic group, a C6 to C3Q aryl group, a C6 to C30 substituted aryl group, a C'3 

to CJO heteroaryl group, or a C3 to C30 substituted heteroaryl group; alternatively, a Q to C30 alkyl group, 
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a C4 to C30 cycloalkyl group, a C4 to C30 substituted cycioalfcyi group, a C6 to C30 aryl group, or a C6 to 

C-,o substituted aryl group; alternatively, a C'4 to C30 cycloalkyl group or a C'4 to CJO substituted cycloalkyl 

group; alternatively, a C-, to C30 aliphatic heterocyclic group or a C3 to C30 substituted aliphatic 

heterocyclic group; alternatively, a C6 to C30 aryl group or a C6 to C30 substituted aryl group; alternatively, 
a C3 to C30 heteroaryl group or a C3 to C30 substituted heteroaryl group; alternatively, a Q to C30 alkyl 

group; alternatively, a C4 to C30 cycloalkyl group; alternatively, a C4 to C30 substituted cycloalkyl group; 

alternatively, a C3 to C30 aliphatic heterocyclic group; alternatively, a C3 to C'30 substituted aliphatic 

heterocyclic group; alternatively, a C6 to C30 aryl group; alternatively, a C6 to C30 substituted aryl group; 

alternatively, a C3 to C30 heteroaryl group; or alternatively, a C3 to C30 substituted heteroaryl group. In an 

embodiment, R4 and R5 independently can be a C, to C!5 alkyl group, a C4 to C2o cycloalkyl group, a C4 to 

C20 substituted cycloalkyl group, a C3 to C20 aliphatic heterocyclic group, a C3 to C2o substituted aliphatic 

heterocyclic group, a C6 to C20 aryl group, a C6 to C20 substituted aryl groitp, a C3 to C20 heteroaryl group, 

or a C3 to C20 substituted heteroaryl group; alternatively, a Ci to Ci5 alkyl groitp, a C4 to C20 cycloalkyl 

group, a C4 to C20 substituted cycloalkyl group, a C6 to C20 aryl group, or a C6 to C20 substituted aryl 

group; alternatively, a C4 to C20 cycloalkyl group or a C4 to C20 substituted cycloalkyl group; 

alternatively, a C3 to C20 aliphatic heterocyclic group or a C3 to C20 substituted aliphatic heterocyclic 

group; alternatively, a C6 to C20 aryl group or a C6 to C20 substituted aryl group; alternatively, a C3 to C20 

heteroaryl group or a C3 to C20 substituted heteroaryl groitp; alternatively, a C; to Ci5 alkyl group; 

alternatively, a C4 to C20 cycloalkyl group; alternatively, a C4 to C20 substituted cycloalkyl group; 

aiternativeiy, a C3 to C20 aliphatic heterocyclic group; aiternativeiy, a C3 to C2o substituted aliphatic 

heterocyclic group; alternatively, a C6 to C20 aryl group; alternatively, a C6 to C20 substituted aryl group; 

alternatively, a C3 to C2Q heteroaryl group; or alternatively, a C3 to C20 substituted heteroaryl groitp. In 

other embodiments, R4 and R' independently can be a Ci to C}0 alkyl group, a C4 to C15 cycloalkyl group, 

a C4 to C[5 substituted cycloalkyl group, a C3 to C<5 aliphatic heterocyclic group, a C3 to C15 substituted 

aliphatic heterocyclic group, a C6 to Cl5 aryl group, a C6 to Ci5 substituted aryl group, a C3 to C;5 

heteroaryl group, or a C3 to Ci5 substituted heteroaryl group; alternatively, a C; to C(0 alkyl group, a C4 to 

C15 cycloalkyl group, a C4 to C;5 substituted cycloalkyl group, a C6 to CLs aryl group, or a C6 to C]5 

substituted aryl group; alternatively, a C4 to C15 cycloalkyl group or a C4 to Ci5 substituted cycloalkyl 

group; alternatively, a C3 to C(J aliphatic heterocyclic group or a C3 to Cj5 substituted aliphatic 

heterocyclic group; alternatively, a C6 to C}5 aryl group or a C« to C15 substituted aryl group; alternatively, 

a C3 to C15 heteroaryl group or a C3 to C15 substituted heteroaryl group; alternatively, a C'i to Ci0 alkyl 

group; alternatively, a C4 to C15 cycloalkyl group; alternatively, a C4 to C15 substituted cycloalkyl group; 

alternatively, a C3 to C15 aliphatic heterocyclic group; alternatively, a C3 to Ci5 substituted aliphatic 
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heterocyclic group; alternatively, a C6 to C[5 aryl group; alternatively, a C6 to Ci5 substituted aryl group; 

alternatively, a C3 to Cu heteroaryl group; or alternatively, a C3 to Ci5 substituted heteroaryl group. In 

further embodiments, R" and R5 independently can be C; to C5 alkyl 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 R4 and/or R\ 

[0099] In a further aspect, R4 and R5 independently can be a methyl group, an ethyl group, a propyl 

group, a butyl group, a pentyl group, a hexyl group, a heptyl group, an octyl group, a nonyl group, or a 

decyl group. In some embodiments, R4 and/or R' independently can be a methyl group, an ethyl 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 iso-pentyl group, a sec-pentyl group, or a neopentyi group; 

alternatively, a methyl group, an ethyl group, an iso-propyl group, a tert-butyl group, or a neopentyi 

group; alternatively, 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 neopentyi group. In 

some embodiments, the alkyl groups which can be utilized as R4 and/or R" can be substituted. Each 

substituent of a substituted alkyl group independently can be a halogen or a hydrocarboxy group; 

aiternativeiy, a halogen; or alternatively, a hydrocarboxy group. Halogens, and hydrocarboxy groups 

(general and specific) are independently disclosed herein (e.g., as general substituents and/or as 

substituents for substituted R1 groups) and can be utilized without limitation to further describe the 

substituted alkyl group which can be utilized as R4 and/or R3. 

[00100] In a further aspect, R4 and R5 independently can be a cyclobutyl group, a substituted 

cyclobutyl group, a cyclopentyl group, a substituted cyclopentyl group, a cyclohexyl group, a substituted 

cyclohexyl group, a cycloheptyl group, a substituted cycloheptyl group, a cyclooctyl group, or a 

substituted cyclooctyl group. In some embodiments, R4 and/or R5 independently can be a cyclopentyl 

group, a substituted cyclopentyl group, a cyclohexyl group, or a substituted cyclohexyl group. In other 

embodiments, R4 and/or R5 can be a cyclopentyl group or a substituted cyclopentyl group; or 

alternatively, a cyclohexyl group or a substituted cyclohexyl group. In further embodiments, R4 and/or R5 

independently can be a cyclopentyl group; alternatively, a substituted cyclopentyl group; a cyclohexyl 

group; or alternatively, a substituted cyclohexyl group. Substituents (general and specific) are 

independently disclosed herein and can be utilized without limitation to further describe the substituted 

cycloalkyl group which can be utilized as R4 and/or R5, 

[00101] In an aspect, R4 can have Structure G7: 
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Structure G7 

wherein, the undesignated valency is attached to the phosphorus atom of the N"1-pliosphinyl guanidine 

group. Generally, R4lc, R42c, R4JC, R44c, and R450 independently can be hydrogen or a non-hydrogen 

substituent, and n can be an integer from 1 to 5. In an embodiment wherein R4 has Structure G7, R4'", 

R'f3c, R4"c. and R411 can be hydrogen and R3i0 can be any non-hydrogen substituent disclosed herein; or 
aiternativeiy, R4ic, R*3c, and R4'c can be hydrogen and R"/c and R44c independently can be any non-

hydrogen substituent disclosed herein. In an embodiment, n can be an integer from 1 to 4; or 

alternatively, from 2 to 4. In other embodiments, n 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 R41c, 

R42t, R43u, R44t, and''or R45t" for the R4 group having Structure G7. 

In an aspect, R3 can have Structure G8: 

Structure G8 (CH2)n 

t>4c ot>5c 

wherein, the undesignated valency is attached to the phosphorus atom of the Nz-pliosphinyl guanidine 

group. Generally, R3lc, R52c, R5JC, RMc, and RWc independently can be hydrogen or a non-hydrogen 

substituent, and n can be an integer from 1 to 5. In an embodiment wherein R3 has Structure G8, R5IC, 

R'3C, R54C, and RMC can be hydrogen and R'7'" can be any non-hydrogen substituent disclosed herein; or 

alternatively, RMc, R53c, and R5'c can be hydrogen and Rl2c and R34c independently can be any non-

hydrogen substituent disclosed herein. In an embodiment, n can be an integer from I to 4; or 

alternatively, from 2 to 4. In other embodiments, n 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 R5'0, 

R32C, R51C, R54C, and/or R55c for the R" group having Structure G8. 

[00103] In an aspect, R4 and R' independently can be a phenyl group, a substituted phenyl group, a 

naphthyl group, or a substituted naphthyl group. In an embodiment, R* and RD independently can be a 
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phenyl group or a substituted phenyl group; aiternativeiy, a naphthyl group or a substituted naphthyl 

group; alternatively, a phenyl group or a naphthyl group; or alternatively, a substituted phenyl group or a 

substituted naphthyl group. In some embodiments, R4 and R3 independently can be a phenyl group; 

alternatively, a substituted phenyl group; alternatively, a naphthyl group; or alternatively, a substituted 

naphthyl group. Substituents (general and specific) are independently disclosed herein and can be utilized 

without {imitation to further describe any substituted phenyl group and/or substituted naphthyl group 

which can be utilized as R'f and/or R5, 

[00104] In an embodiment, the R4 and/or R3 substituted phenyl group can be a 2-substituted phenyl 

group, a 3-substituted phenyl group, a 4-substituted 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 phenyl group. 

In other embodiments, the R4 and/or R3 substituted phenyl group can be a 2-substituted phenyl group, a 

4-substituted phenyl group, a 2,4-disubstituted phenyl 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 phenyl group; alternatively, a 3-subsituted 

phenyl group or a 3,5-disubstituted phenyl group; alternatively, a 2-substituted phenyl 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-trisubstituted 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; 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 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 substituted phenyl group which can be 

utilized as R4 and/or R\ 

[00105] In an embodiment, R4 and R3 independently can be a naphth-l-yl group, a substituted naphth-

1-yl group, a naphth-2-yl group, or a substituted naphth-2-yl group. In some embodiments, R4 and R3 

independently can be a naphth-l-yl group or a substituted naphth-l-yl group; alternatively, a naphth-2-yl 

group or a substituted naphth-2-yl group; alternatively, a naphth-l-yl group; alternatively, a substituted 

naphth-l-yl group; alternatively, a naphth-2-yl group; or alternatively, a substituted naphth-2-yl group. In 

other embodiments, R4 and R5 independently can be a 2-substituted naphth-l-yl group, a 3-substituted 

naphth-l-yl group, a 4-substituted naphth-l-yl group, or a 8-suhstituted naphth-l-yl group; alternatively, a 

2-substituted naphth-l-yl group; alternatively, a 3-substituted naphth-l-yl group; alternatively, a 4-

substituted naphth-l-yl group; or alternatively, a 8-substituted naphth-l-yl group . In further 
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2-yl group, a 4-substituted naphth-2-yl group, or a 1,3-disubstituted naph.tk-2-yl group; alternatively, a 1-

substituted naphth-2-yl group; alternatively, a 3-substituted naphth-2-yl group; alternatively, a 4-

substituted naphth-2-yl group; alternatively, a 1,3-disubstituted naphth-2-yl group. Substituents (general 
and specific) are independently disclosed herein and can be utilized without limitation to further describe 

any substituted naphthyl group which can be utilized as R4 and/or R'. 

[00106] In an aspect, R4 can have Structure G9: 

R43 R42 

\_/ 
RAA~~^y —* Structure G9 

R45' \46 

wherein the undesignated valency is attached to the phosphorus atom of the Nz-phosphinyl guanidine 

group. Generally, R42, R4'3, R44, R43, and R46 can independently be hydrogen or a non-hydrogen 

substituent. In an embodiment wherein R4 has Structure G9, R42, R43, R44, R45, and R4P can be hydrogen, 

R43, R44, R43, and R4° can be hydrogen and R42 can be a non-hydrogen substituent, R42, R44, R4*, and R46 

can be hydrogen and R43 can be a non-hydrogen substituent, R4z, R4', R45, and R40 can be hydrogen and 

R44 can be a non-hydrogen substituent, R43, R4', and R'f6 can be hydrogen and R'f2 and R4'f can be non-

hydrogen substituents, R43, R44, and R43 can be hydrogen and R4/ and R4p can be non-hydrogen 

substituents, R4i, R44, and R4b can be hydrogen and R43 and R43 can be non-hydrogen substituents, or R4' 

and R43 can be hydrogen and R42, R44, and R4R can be non-hydrogen substituents. In some embodiments 

wherein R4 has Structure G9, R4"', R44, R43, and R46 can be hydrogen and R42 can be a non-hydrogen 

substituent, R42, R4\ R43, and R46 can be hydrogen and R44 can be a non-hydrogen substituent, R4\ R43, 

and R4b can be hydrogen and R4/ and R44 can be non-hydrogen substituents, R4®, R44, and R43 can be 

hydrogen and R42 and R40 can be non-hydrogen substituents, or R43 and R45 can be hydrogen and R42, R44, 

and R46 can be non-hydrogen substituents; alternatively,R45, R44, R43, and R46 can be hydrogen and R42 

can be a non-hydrogen substituent, R42, R43, R45, and R46 can be hydrogen and R44 can be a non-hydrogen 

substituent, R43, R"5, and R46 can be hydrogen and R"" and R44 can be non-hydrogen substituents, or R43, 

R44, and R43 can be hydrogen and R4i and R4t> can be non-hydrogen substituents; alternatively, R42, R44, 
R43, and R46 can be hydrogen and R43 can be a non-hydrogen substituent, or R4/", R44, and R4° can be 

hydrogen and R4i and R43 can be non-hydrogen substituents; alternatively, R43, R44, R45, and R46 can be 

hydrogen and R42 can be a non-hydrogen substituent, or R42, R43, R45, and R46 can be hydrogen and R44 

can be a non-hydrogen substituent; alternatively, R43, R43, and R4" can be hydrogen and R43 and R44 can be 
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non-hydrogen substituents, R43, R44, and R43 can be hydrogen and R4z and R4b can he non-hydrogen 

substituents, or R43 and R45 can be hydrogen and R42, R44, and R46 can be non-hydrogen substituents; or 

alternatively, R43, R4'3, and R'*" can be hydrogen and R42 and R'f4 can be non-hydrogen substituents, or R4J, 

R44, and R4' can be hydrogen and R4/ and R46 can be non-hydrogen substituents. In other embodiments 

wherein R4 has Structure G9, R4z, R4', R44, R43, and R46 can be hydrogen; alternatively, R4i, R44, R4\ and 

R4° can be hydrogen and R4z can be a non-hydrogen substituent; alternatively, R42, R44, R45, and R46 can 

be hydrogen and R4J can be a non-hydrogen substituent; alternatively, R42, R43, R45, and R46 can be 

hydrogen and R*4 can be a non-hydrogen substituent; alternatively, R43, R4°, and R"" can be hydrogen and 

R4i and R44 can be non-hydrogen substituents; alternatively, R41, R44, and R45 can be hydrogen and R42 

and R46 can be non-hydrogen substituents; alternatively, R42, R44, and R46 can be hydrogen and R4' and 

R4' and can be non-hydrogen substituents; or alternatively, R4' and R45 can be hydrogen and R42, R44, and 

R'f6 can be non-hydrogen substituents. Substituents (general and specific) are independently disclosed 

herein and can be utilized without limitation as R4/, R43, R44, R45, and R46 for the R group having 

Structure G9. 

[00107] In an aspect, R3 can have Structure G10: 

R53 pj52 

/ i 
R34....^ J—* Structure G10 

RSS \S6 

wherein the undesignated valency is attached to ihe phosphorus atom of the N2-phosphinyi guanidine 

group. Generally, R32, R33, R54, R33, and R3t> independently can be hydrogen or a non-hydrogen 

substituent. In an embodiment wherein R3 has Structure G10, Rv", R3', RM, R33, and R3° can be hydrogen, 

R53, RM, R35, and R56 can be hydrogen and R52 can be a non-hydrogen substituent, R52, R34, R33, and R36 

can be hydrogen and R3J can be a non-hydrogen substituent, R52, R33, R33, and R56 can be hydrogen and 

R54 can be a non-hydrogen substituent, R3"\ R55, and R5c can be hydrogen and R52 and R54 can be non-

hydrogen substituents, R53, R34, and R35 can be hydrogen and R3i and R56 can be non-hydrogen 

substituents, R32, R54, and R56 can be hydrogen and R3' and R35 can be non-hydrogen substituents, or R53 

and R53 can be hydrogen and R"v', R54, and R56 can be non-hydrogen substituents. In some embodiments 

wherein R3 has Structure G10, R33, R54, R3>, and R56 can be hydrogen and R32 can be a non-hydrogen 

substituent, R32, R53, R33, and R56 can be hydrogen and R34 can be a non-hydrogen substituent, R53, R33, 

and R56 can be hydrogen and R3/' and R54 can be non-hydrogen substituents, R33, R54, and R53 can be 

hydrogen and R " and R36 can be non-hydrogen substituents, or R3! and R33 can be hydrogen and Rv', R34, 
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and R3° can he non-hydrogen substituents; alternatively,li53, R34, R53, and R36 can be hydrogen and R5" 

can be a non-hydrogen substituent, R52, R33, R35, and R56 can be hydrogen and R54 can be a non-hydrogen 

substituent, R53, R35, and R36 can be hydrogen and R3i and R54 can be non-hydrogen substituents, or R53, 

R34, and R53 can be hydrogen and R3i and R""3 can be non-hydrogen substituents; alternatively, R52, R34, 
R33, and R36 can be hydrogen and R53 can be a non-hydrogen substituent, or R3/*, R54, and R3° can be 

hydrogen and R33 and R33 can be non-hydrogen substituents; aiternativeiy, R.33, R34, R35, and R36 can be 

hydrogen and R52 can be a non-hydrogen substituent, or R52, R33, R53, and R36 can be hydrogen and R54 

can be a non-hydrogen substituent; alternatively, RSi, R53, and R3" can be hydrogen and R52 and R54 can be 

non-hydrogen substituents, R53, R54, and R53 can be hydrogen and R3~ and R3b can be non-hydrogen 

substituents, or R3j and R33 can be hydrogen and R52, R34, and R36 can be non-hydrogen substituents; or 

alternatively, R33, R33, and R36 can be hydrogen and R52 and R54 can be non-hydrogen substituents, or R5', 

R54, and R35 can be hydrogen and R5z and R5c can be non-hydrogen substituents. In other embodiments 

wherein R3 has Structure G10, R3z, R33, R3\ R33, and R56 can be hydrogen; alternatively, R3\ R34, R33, and 

R5° can be hydrogen and R3/' can be a non-hydrogen substituent; alternatively, R32, R54, R35, and R36 can 

be hydrogen and R5' can be a non-hydrogen substituent; alternatively, R52, R3}, R35, and R56 can be 

hydrogen and R34 can be a non-hydrogen substituent; alternatively, R33, R33, and R36 can be hydrogen and 

R52 and R3'f can be non-hydrogen substituents; alternatively, RSi, R34, and R55 can be hydrogen and R52 

and R56 can be non-hydrogen substituents; alternatively, R32, R34, and R56 can be hydrogen and R3' and 

R35 and can be non-hydrogen substituents; or alternatively, R3' and R53 can be hydrogen and R52, R54, and 

R56 can be non-hydrogen substituents. Substituents (general and specific) are independently disclosed 

herein and can be utilized without limitation as R5z, R53, R5^, R55, and R56 for the R5 group having 

Structure G10. 

[00108J In an aspect, R4 and R3 independently can be a pyridmyi group, a substituted pyridinyl group, 

a furyl group, a substituted furyl group, a thienyl group, or a substituted thienyl group. In an 

embodiment, R4 and R3 independently can be a pyridinyl group or a substituted pyridinyl group; 

alternatively, a furyl group or a substituted furyl group; or alternatively, a thienyl group or a substituted 

thienyl group. In some embodiments, R4 and R3 independently can be a pyridinyl group, a furyl group, or 

a thienyl group. In other embodiments, R4 and R3 can be a pyridinyl group; alternatively, a substituted 

pyridinyl group; alternatively, a furyl group; alternatively, a substituted furyl group; alternatively, a 

thienyl group; or alternatively, a substituted thienyl group. 

|00109] In an embodiment, the pyridinyl (or substituted pyridinyl) R4 and R5 group independently can 

be a pyridin-2-yl group, a substituted pyridin-2-yl group, a pyridin-3-yl group, a substituted pyridin-3-yl 

group, a pyridin-4-yl group, or a substituted pyridin-4-yl group; or alternatively, a pyridin-2-yl group, a 
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pyridin-3-yl group, or a pyridiii-4-yl group. In some embodiments, the pyridinyl (or substituted 

pyridinyl) R4 and R5 group independently can be a pyridin-2-yl group or a substituted pyridin-2-yl group; 

alternatively, a pyridin-3-yl group or a substituted pyridin-3-yl groitp; alternatively a pyridin-4-yl group 

or a substituted pyridin-4-yl group; alternatively, a pyridin-2-yl group; alternatively, a substituted pyridin-

2-yl group; alternatively, a pyridin-3-yl group; alternatively, a substituted pyridin-3-yl group; 

alternatively, a pyridin-4-yl group; or alternatively, a substituted pyridin-4-yl group. In an embodiment, 

the substituted pyridinyl R4 and R5 group independently can be a 2-substituted pyridin-3-yl group, a 4-

substituted pyridin-3-yl group, a 5-substituted pyridin-3-yl group, a 6-substituted pyridio-3-yl group, a 

2,4-disubstituted pyridin-3-yl group, a 2,6-disubstituted pyridin-3-yl group, or a 2,4,6-trisubstituted 
pyridin-3-yl group; alternatively, 2-substituted pyridin-3-yl group, a 4-substituted pyridin-3-yl group, or a 

6-substituted pyridin-3-yl group; alternatively, a 2,4-disubstituted pyridin-3-yl group or a 2,6-
disubstituted pyridin-3-yl group; alternatively, a 2-substituted pyridin-3-yl group; alternatively, a 4-

substituted pyridin-3-yl group; alternatively, a 5-substituted pyridin-3-yl group; alternatively, a 6-

substituted pyridin-3-yl group; alternatively, a 2,4-disubstituted pyridin-3-yl group; alternatively, a 2,6-

disubstituted pyridin-3-yl group; or alternatively, a 2,4,6-trisubstituted pyridin-3-yl group. In an 

embodiment, the substituted pyridinyl R4 and R5 group independently can be a 2-substituted pyridin-4-yl 

group, a 3-substituted pyridin-4-yl group, a 5-substituted pyridin-4-yl group, a 6-substituted pyridin-4-yl 

group, a 2,6-disubstituted pyridin-4-yl group, or a 3,5-disubstituted pyridin-4-yl group; alternatively, 2-

substituted pyridin-4-yl group or a 6-substituted pyridin-4-yl group; alternatively, a 3-substituted pyridin-

4-yl group or a 5-substituted pyridin-4-yl group; alternatively, a 2-substituted pyridin-4-yl group; 

alternatively, a 3-substituted pyridin-4-yl group; alternatively, a 5-substituted pyridin-4-yl group; 

alternatively, a 6-substituted pyridin-4-yl group; alternatively, a 2,6-disubstituted pyridin-4-yl group; or 

alternatively, a 3,5-disubstituted pyridin-4-yl group. Substituents (general and specific) are independently 

disclosed herein and can be utilized without limitation to further describe the substituted pyridinyl groups 

which can be utilized as R4 and/or R5. 

[00110} In an embodiment, each furyl (or substituted furyl) R4 and R5 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 fur-3-yl 

group; or alternatively, a fur-2-yl or a fur-3-yl group. In some embodiments, the furyl (or substituted 

furyl) R4 and R' group can be independently selected from a fur-2-yl group or a substituted fur-2-yl 

group; alternatively, a fur-3-yl group or a substituted fur-3-yl group; alternatively, a fur-2-yl group; 

alternatively, a substituted fur-2-yl group; alternatively, a fur-3-yl group; or aiternativeiy, a substituted fur 

-3-yl group. In an embodiment, the substituted furyl R4 and R3 group can be a 2-substituted fur-3-yl 

group, a 4-substituted fur-3-yl group, or a 2,4-disubstituted fur-3-yl group; alternatively, a 2-substituted 
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fur-3-y! group; aiternativeiy, a 4-substituted fur-3-yl group; or alternatively, a 2,4-disubstituted fur-3-yl 

group. Substituents (general and specific) are independently disclosed herein and can be utilized without 

limitation to further describe the substituted furyl groups which can be utilized as R4 and/or R5. 

|00111] In an embodiment, the thienyl (or substituted thienyl) R4 and R3 group can be independently 

selected from a thien-2-yi group, a substituted thien-2-yl group, a thien-3-yI group, or a substituted ttaien-

3-yi group; or alternatively, a thien-2-yl group or a thien-3-yi group. In some embodiments, the thienyl 

(or substituted thienyl) R4 and R3 group can be independently selected from a thien-2-yl group or a 

substituted thien-2-yl group; alternatively, a thien-3-yl group or a substituted thien-3-yl group; 

aiternativeiy, a thien-2-yl group; alternatively, a substituted thien-2-yl group; alternatively, a thien-3-yl 

group; or alternatively, a substituted thien-3-yi group. In an embodiment, the substituted thienyl R4 and 

R5 group can be a 2-substituted thien-3-y! group, a 4-substituted thien-3-yi group, or a 2,4-disubstituted 

thien-3-yl group; alternatively, a 2-substituted thien-3-yl group; alternatively, a 4-substituted thien-3-yl 

group; or alternatively, a 2,4-disubstituted thien-3-yl group. Substituents (general and specific) are 

independently disclosed herein and can be utilized without limitation to further describe the substituted 

thienyl groups which can be utilized as R4 and/or R\ 

[00112] In an aspect, R4 and R3 can be joined to form a cyclic group including the phosphorus atom. 

In an embodiment when R4 and R3 are joined to form a cyclic groitp including the phosphorus atom of the 

Nz-phosphinyl guanidine group, the pliosphinyl group can be a phosphol-l-yl group, a substituted 

phosphol-l-yl group, a 2,3-dihydrophosphol-l-yl group, a substituted 2,3-diliydro-phosphol-l-yi group, a 

3,5-dihydrophosphol-l-yl group, a substituted 3,5-dihydrophosphol-l-yl group, a phospholan-I-yl group, 

a substituted phospholan-l-yl group, a 1,2-dihydrophosphinin-l-yl group, a substituted, 1,2-dihydro-

phosphinin-l-yl group, a 1,4-dihydrophosphinin-l-yl group, a substituted 1,4-dihydrophosphinin-l-yl 

group, a I,2,3,4-tetrahydrophosphinin-l-yl group, a substituted 1,2,3,4-tetrahydrophosphinin-l-yl group, 

a 1,2,3,6-tetrahydrophosphinin-l -yl group, a substituted 1,2,3,6-tetrahydrophosphinin-l -yl group, a 

phosphinan-l-yl group, or a substituted phosphinan-l-yl group. In some embodiments when R4 and R ' are 

joined to form a cyclic group including the phosphorus atom of the N^-phosphinylguanidine group, the 

pliosphinyl group can be a phosphol-l-yl group or a substituted phosphol-l-yl group; alternatively, a 

2,3-dihydrophosphol-l-yl group or a substituted 2,3-dihydrophosphol-l-yl group; alternatively, a 

3,5-dihydrophosphol-l-yl group or a substituted 3,5-dihydrophosphol-l-yl group; alternatively, a 

phospholan-l-yl group or a substituted phospholan-l-yl group; alternatively, a 1,2-dihydro­

phosphinin-l-yl groitp or a substituted, 1,2-dihydrophosphinin-l-yl group; alternatively, a 1,4-dihydro­

phosphinin-l-yl group or a substituted 1,4-dihydrophosphinin-l-yl group; alternatively, a 1,2,3,4-tetra-

hydrophosphinin-1 -yl group or a substituted 1,2,3,4-tetrahydro-phosphinin-l-yl group; alternatively, a 
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1,2,3,6-tetrahydrophosphinin-l -yl group or a substituted 1,2,3,6-tetrahydrophosphinin-l -yl group; or 

alternatively, a phosphinan-l-yl group or a substituted phosphinan-l-yl group. In some embodiments 

when and R5 are joined to form a cyclic group including the phosphorus atom of the N2-phosphinyl 

guanidine group, the phosphinyl group can be a pbosphol-1 -yl group, a 2,3-dihydrophosphol-l-yl group, a 

3,5-dihydrophosphol-l-yl group, a phospholan-l-yl group, a 1,2-dihydrophosphinin-l-yl group, a 

1.4-dihydrophosphinin-l-yl group, a 1,2,3,4-tetrahydrophosphinin-l-yl group, a 1,2,3,6-tetrahydro-

phosphinin-l-yl group, or a phosphinan-l-yl group. In other embodiments when R'1 and R5 are joined to 

form a cyclic group including the phosphorus atom of the N2-phosphinylguanidine group, the phosphinyl 

group can be a substituted phosphol-l-yl group, a substituted 2,3-dihydrophosphoi-l-yl group, a 

substituted 3,5-dihydrophosphol-l-yl group, a substituted phospholan-l-yl group, a substituted, 

1,2-dihydrophosphinin-l-yl group, a substituted 1,4-dihydrophosphinin-l-yl group, a substituted 

1,2,3,4-tetrahydrophosphinin-l-yl group, a substituted 1,2,3,6-tetrahydrophosphinin-l-yl group, or a 

substituted phosphinan-l-yl groitp. In yet other embodiments when R4 and R' are joined to form a cyclic 

group including the phosphorus atom of the N7*-phosphinyl guanidine group, a phospholan-l-yl group, a 

substituted phospholan-l-yl group, a phosphinan-l-yl group, or a substituted phosphinan-l-yl group; 

alternatively, a phospholan-l-yl group or a phosphinan-l-yl group; or alternatively, a substituted 

phospholan-l-yl group or a substituted phosphinan-l-yl group. In further embodiments when R4 and R5 

are joined to form a cyclic group including the phosphorus atom of the N2-phosphinyl guanidine group, 

the phosphinyl group can be a phosphol-l-yl group; alternatively, a substituted phosphol-l-yl group; 

alternatively, a 2,3-dihydro-phosphol-l-yl group; alternatively, a substituted 2,3-dihydrophosphol-l -yl 

group; alternatively, a 3,5-dihydrophosphol-l-yl group; alternatively, a substituted 

3.5-dihydrophosphol-l-yl group; alternatively, a phospholan-l-yl group; alternatively, a substituted 

phospholan-l-yl group; alternatively, a 1,2-dihydrophosphinin-l-yl group; alternatively, a substituted, 

1,2-dihydrophosphinin-l-yl group; alternatively, a 1,4-dihydrophosphinin-l-yl group; alternatively, a 
substituted 1,4-dihydrophosphinin-l-yl group; alternatively, a 1,2,3,4-tetrabydro-phosphinin-l-yl group; 

alternatively, a substituted 1,2,3,4-tetrahydrophosphinin-l-yl group; alternatively, a 

1,2,3,6-tetrahydrophosphinin-1 -yl group; alternatively, a substituted 1,2,3,6-tetrahydrophosphinin-l -yl 

group; alternatively, a phosphinan-l-yl group; or alternatively, a substituted phosphinan-l-yl group. 

Substituents (general and specific) are independently disclosed herein and can be utilized without 

limitation to further describe substituted groups where R'1 and RD are joined to form a cyclic group 

including the phosphorus atom. 

|00113] In an embodiment when Rf and R5 are joined to form a cyclic group including the phosphorus 

atom of the N2-phosphinyl guanidine group, the cyclic group including the phosphorus atom can comprise 
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at least one substituent on a carbon atom adjacent to the phosphorus atom attached to the N"4 nitrogen 

atom of the N'1-phosphinyl guanidine group. In some embodiments when R4 and R5 are joined to form a 

cyclic group including the phosphorus atom of the Nz-phosphinyl guanidine group, the cyclic group 

including the phosphorus atom can comprise at least one substituent on each carbon atom adjacent to the 

phosphorus atom attached to the N2 nitrogen atom of the N2-phosphinyl guanidine group. In other 

embodiments when R4 and R' are joined to form a cyclic group including the phosphorus atom of the 

Nz-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 N2 nitrogen 

atom of the N2-phosphinyl guanidine group. In yet other embodiments when R4 and R' are joined to form 

a cyclic group including the phosphorus atom of the N2-phosphinyl guanidine group, the cyclic group 

including the phosphorus atom can comprise, or consist of, only one substituent on each carbon atom 

adjacent to the phosphorus atom attached to the N2 nitrogen atom of the N2-phosphinyl guanidine group. 

[00114| In an embodiment, R4 and R' independently can be a phenyl groitp, a 2-alkylphenyl group, a 

3-alkylphenyl group, a 4-alkylphenyl group, a 2,4-dialkylphenyl group, a 2,6-dialkylphenyl group, a 3,5-

dialkylphenyl group, or a 2,4,6-trialkylphenyl group; alternatively, a 2-alkylphenyl group, a 4-alkyl-

phenyl group, a 2,4-dialkylphenyl group, a 2,6-dialkylphenyl group, or a 2,4,6-trialkylphenyl group; 

alternatively, a 2-alkylphenyl group or a 4-alkylphenyl group; alternatively, a 2,4-dialkylphenyl group, a 

2,6-dialkylphenyl group, or a 2,4,6-trialkylphenyl group; alternatively, a 2,4-dialkylphenyl groitp or a 

2,6-dialkylphenyl group; aiternativeiy, a 2,6-dialkylphenyl group, or a 2,4,6-trialkylphenyl group; 

alternatively, a 3-alkylphenyl group or a 3,5-dialkylphenyl group; alternatively, a 2-alkylphenyl group or 

a 2,6-dialkylphenyl group; alternatively, a 2-alkylphenyl group; alternatively, a 3-alkylphenyl group; 

alternatively, a 4-alkylphenyl group; alternatively, a 2,4-dialkylphenyl groitp; alternatively, a 2,6-dialkyl­

phenyl group; alternatively, a 3,5-dialkylphenyl group; or alternatively, a 2,4,6-trialkylphenyl group. In 

another non-limiting embodiment, R* and R5 independently can be a napht-l-yl group, a 2-naphth-2-yl 

group, a 2-alkylnaphth-1-yl group, a 1-alkylnaphth-2-yl group, a 3-alkylnapth-2-yl group, or a 

l,3-dialkylnaphth-2-yl group; alternatively, a napht-l-yl group or a 2-alkylnaphth-l-vl group; 

alternatively, a naphth-2-yl group, a 1-alkylnaphth-2-yl group, a 3-alkylnapth-2-yl group, or a 

1,3-dialkylnaphth-2-yl group; alternatively, a napht-l-yl group; alternatively, a 2-naphth-2-yl group; 

aiternativeiy, a 2-alkylnaph.th-l-yl group; alternatively, a i-alkyinaphth-2-yi group; alternatively, a 

3-alkylnapth-2-yl group; or alternatively, a l,3-dialkylnaphth-2-yl group. In other non-limiting 

embodiments, R4 and R5 independently can be a cyclohexyl group, a 2-alkylcyclohexyl group, or a 

2,6-dialkyleycloliexyl group; alternatively, a cyclopentyl group, a 2-alkylcyclopentyl group, or a 

2,5-dialkylcyclopentyl group; alternatively, a cyclohexyl group; aiternativeiy, a 2-alkylcyclohexyl group; 
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alternatively, a 2,6-dialkyleyclohexyl group; aiternativeiy, cyclopentyl group; alternatively, a 2-alkyl-

cvclopemyl group; or alternatively, a 2,5-dialkylcyclopentyl group, Alkyl group substituents (general and 

specific) are independently described herein and can be utilized, without limitation, to further describe the 

alkylphenyl, dialkylphenyl, trialkylphenyl, naphthyl, dialkylnaphthyl, alkyleyclohexyl, dialkylcyclohexyl, 

alkylcyclopentyl, or dialkylcyclopentyl groups that can be utilized as R4 and/or R3. Generally, the alkyl 

substituents of a dialkyl or trialkyl phenyl, naphthyl, cyclohexyl, or cyclopentyl group can be the sasne; or 

alternatively the alkyl substituents of a dialkyl or trialkyl phenyl, naphthyl, cyclohexyl, or cyclopentyl 

group can be different, 

|00115] In another non-limiting embodiment, FT and R5 independently can be a phenyl group, a 

2-alkoxyphenyl group, a 3-alkoxyphenyl group, a 4-alkoxyphenyl group, or 3,5-dialkoxyphenyl group; 

aiternativeiy, a 2-alkoxyphenyl group or a 4-alkoxyphenyl group; alternatively, a 3-alkoxyphenyl group 

or 3,5-dialkoxyphenyl group; alternatively, a 2-alkoxyphenyl group; alternatively, a 3-alkoxyphenyl 

group; 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 alkoxyphenyl or dialkoxyphenyl groups that can be utilized as R4 and/or 

R\ Generally, the alkoxy substituents of a dialkoxyphenyl groups can be the same; or alternatively the 

alkoxy substituents of a dialkoxyphenyl group can be different. 

|00116] In other non-limiting embodiments, R4 and R3 independently can be a phenyl group, a 2-halo­

phenyl group, a 3-halophenyl group, a 4-halophenyl group, a 2,6-dihalophenylgroup, or a 3,5-dialkyl­

phenyl group; alternatively, a 2-halophenyl group, a 4-halophenyl group, or a 2,6-dihalophenyl group; 

alternatively, a 2-halophenyl group or a 4-halophenyl 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-dihalophenylgroup; or alternatively, a 3,5-dihalo-

phenyl group. Halides are independently described herein and can be utilized, without limitation, to 

further describe the halophenyl or dihalophenyl groups that: can be utilized as R4 and/or R3. Generally, 

the halides of a dihalophenyl group can be the same; or alternatively the halides of a dihalophenyl group 

can be different. 

[00117] In a non-limiting embodiment, R4 and R5 independently can be a 2-methylphenyl group, a 

2-ethylphenyl group, a 2-isopropylphenyl group, a 2-tert-butylphenyl group, a 3-methylphenyl group, a 

2.6-dimethylphenyl group, a 2,6-diethylphenyl group, a 2,6-diisopropylphenyl group, a 2,6-di-tert-butyl-

phenyl group, a 3,5-dimethyl group, or a 2,4,6-trimethylphenyl group; alternatively, a 2-methylphenyl 

group, a 2-ethylphenyl group, a 2-isopropylphenyl group, or a 2-tert-butylphenyl group; alternatively, a 
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2,6-dimethylphenyl group, a 2,6-diethylphenyl group, a 2,6-dii.sopropyiphenyl group, or a 

2,6-di-tert-butylphenyl group; alternatively, 2-methylphenyl group; alternatively, a 2-ethylphenyl group; 

alternatively, a 2-isopropylphenyl group; alternatively, a 2-tert-butylphenyl groitp; alternatively, a 

3-methylphenyl group; alternatively, a 2,6-dimethylphenyl group; alternatively, a 2,6-diethylphenyl 

group; alternatively, a 2,6-diisopropylphenyl group; alternatively, a 2,6-di-tert-butylphenyl group; 

alternatively, a 3,5-dimethyl group; or aiternativeiy, a 2,4,6-trimethylphenyl group. In another non-

limiting embodiment, R* and R5 independently can be cyclohexyl group, a 2-methylcyclohexyl group, a 

2-ethylcyclohexyl group, a 2-isopropylcyclohexyl group, a 2-tert-butylcyclohexyl group, a 2,6-dimethyl­

cyclohexyl group, a 2,6-diethylcyclohexyl group, a 2,6-diisopropylcyclohexyl group, or a 

2,6-di-tert-butylcyclohexyl group; alternatively, a 2-methylcyclohexyl group, a 2-ethylcyclohexyl group, 

a 2-isopropylcyclohexyl group, or a 2-tert-butylcyclohexyl group; alternatively, a 2,6-dimethylcyclohexyl 

group, a 2,6-diethylcyclohexyl group, a 2,6-diisopropylcyclohexyl group, or a 2,6-di-tert-butylcyclohexyl 

group; alternatively, a cyclohexyl group; alternatively, a 2-methylcyclohexyl group; alternatively, a 

2-ethylcyclohexyl group; alternatively, a 2-isopropylcyclohexyl group; alternatively, a 2-tert-butyl­

cyclohexyl group; alternatively, a 2,6-dimethylcyclohexyl group; alternatively, a 2,6-diethylcyclohexyl 

group; alternatively, a 2,6-diisopropylcyclohexyl group; or alternatively, a 2,6-di-tert-butylcyclohexyl 

group. In another non-limiting embodiment, R4 and/or R5 independently can be a 2-methylnaphth-l-yl 

group, a 2-ethylnaphth-l-yl group, a 2-n-propylnaphth-l-yl group, a 2-isopropylnaphth-l-yl group, or a 

2-tert-butylnaphth-l-yl group; alternatively, a 2-methylnaphth-l-yl group; alternatively, a 2-ethyl-

naphth-l-yl group; alternatively, a 2-n-propylnaphth-l-yl group; alternatively, a 2-isopropylnaphth-l-yl 

group; or alternatively, a 2-tert-butylnaphth-l-yl group, 

j00118) In a non-limiting embodiment, R" and R5 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-ethoxyphenyl group, a 3-isopropoxyphenyl group, a 3-tert-butoxyphenyl group, a 4-methoxy-

phenyl group, a 4-ethoxyphenyl group, a 4-isopropoxyphenyl group, a 4-tert-butoxyphenyl group, a 

2,4-dimethoxyphenyl group, a 2,4-diethoxyphenyl group, a 2,4-diisopropoxyphenyl group, a 

2.4-di-tert-butoxyphenyl group, a 3,5-dimethoxyphenyl groitp, a 3,5-diethoxyphenyl group, a 

3.5-diisopropoxyphenyl group, a 3,5-di-tert-butoxyphenyl group, a 2,6-dimethoxyphenyi group, a 

2.6-diethoxyphenyl group, a 2,6-diisopropoxyphenyl group, a 2,6-di-tert-butoxyph.enyl group, or a 

2,4,6-trimethoxyphenyl group; alternatively, a 2-methoxyphenyl group, a 2-ethoxyphenyl group, a 

2-isopropoxyphenyl group, or a 2-tert-butoxyphenyl group; alternatively, a 3-methoxyphenyl group, a 

3-ethoxyphenyl group, a 3-isopropoxyphenyl group, or a 3-tert-butoxyphenyl group; alternatively, a 

4-methoxyphenyl group, a 4-ethoxyphenyl group, a 4-isopropoxyphenyl group, or a 4-tert-butoxyphenyl 
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group; alternatively, a 2,4-dimethoxyphenyl group, a 2,4-diethoxyphenyl group, a 2,4-diisopropoxy-

phenyl group, or a 2,4-di-tert-butoxyphenyl group: aiternativeiy, a 3,5-dimethoxyphenyl group, a 

3,5-diethoxyphenyl group, a 3,5-diisopropoxyphenyl group, or a 3,5-di-tert-butoxyphenyl groitp; or 

alternatively, a 2,6-dimethoxyphenyl group, a 2,6-diethoxyphenyl group, a 2,6-diisopropoxyphenyl 

group, or a 2,6-di-tert-butoxyphenyi group. In other non-limiting embodiments, R4 and R" independently 

can he a 2-methoxyphenyl group; alternatively, a 2-ethoxyphenyl group; alternatively, a 

2-isopropoxyphenyl group; alternatively, a 2-tert-butoxyphenyl group; alternatively, a 3-methoxyphenyl 

group; alternatively, a 3-ethoxyphenyl group; alternatively, a 3-isopropoxyphenyl group; alternatively, a 

3-tert-butoxyphenyl group; alternatively, a 4-methoxyphenyl group; alternatively, a 4-ethoxyphenyl 
group; alternatively, a 4-isopropoxyphenyl group; alternatively, 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 2,4-di-tert-butoxyphenyl group; alternatively; 

alternatively, a 3,5-dimethoxyphenyl group; alternatively, a 3,5-diethoxyphenyl group; alternatively, a 

3.5-diisopropoxyphenyl group; alternatively, a 3,5-di-tert-butoxyphenyl group; alternatively, a 

2.6-dimethoxyphenyl group; alternatively, a 2,6-diethoxyphenyl group; alternatively, a 2,6-diisopropoxy-

phenyl group; alternatively, a 2,6-di-tert-butoxyphenyl group; or alternatively, a 2,4,6-trimethoxyphenyl 

group. In another non-limiting embodiment, R4 and/or R' independently can be a 2-fluorophenyl group, a 

2-chlorophenyl group, a 3-fluorophenyl group, a 3-chlorophenyl group, a 4-fluorophenyl group, a 

4-chlorophenyl group, a 3,5-difluorophenyl group, or a 3,5-dichlorophenyl group; alternatively, a 

2-fluorophenyl group or a 2-chlorophenyl group; alternatively, a 3-fluorophenyl group or a 3-chloro-

phenyl group; alternatively, 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-chlorophenyl group, a 3,5-difluorophenyl group or a 3,5-dichlorophenyl group; or alternatively, a 

3-fluorophenyl group or a 3,5-difluorophenyl group. In another non-limiting embodiments, R4 and/or R:1 

independently can be a 2-fluorophenyl group; alternatively, a 2-chlorophenyl group; alternatively, a 

3-fluorophenyl group; aiternativeiy, 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. Generally, the R4 and/or R5 groups of the phosphinyl group independently can 

be any R4 or R5 group described herein and utilized in any combination to further describe the phosphinyl 

group of any N2-phosphinyl guanidine compound described herein. In an embodiment, R4 and RD can be 

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

[00119] In an aspect, the phosphinyl group of the Nz-phosphinyl guanidine compound can be a 

diphenylphosphinyl group, a dialkylphosphinyl group, a bisimono-halo substituted phenyl)phosphinyl 

group, a bis(mono-alkyl substituted phenyl)phosphinyl group, or a bis(mono-alkoxy substituted phenyl)-

phosphinyi group; aiternativeiy, a diphenylphosphinyl group; alternatively, a diaikylphosphinyl group; 
alternatively, a bis(mono-halo substituted phenyl)phosphinyi group; alternatively, a bis(mono-al.kyi 

substituted phenyljphosphinyl group; alternatively, a bis(mono-alkoxy substituted phenyl)phosphinyl 

group. In another aspect, the phosphinyl group of the N^-phosphinyl guanidine compound can be an 

(alkyl){phenyl)phosphinyl group, a (mono-halo substituted phenyl)(phenyl)pho8phinyi group, a (mono-

alkyl substituted phenyl)(phenyl)phosphinyl group, a (mono-alkoxy substituted phenyl)(pbenyl)phos-

phitiyl group, a (mono-alky! substituted phenyl)(mono-halo substituted phenyl) phosphinyl group, or a 

(mono-alkyl substituted phenyl)(mono-alkoxy substituted phenyl) phosphinyl group; alternatively, an 

(alkyl)(phenyl)phosphmyl group; alternatively, a (mono-halo substituted phenyl)(phenyl)phosphinyl 

group; alternatively, a (mono-alkyl substituted phenyl)(phenyl)phosphinyl group; alternatively, a (mono-

alkoxy substituted phenyi)(phenyi)phosphinyl group; alternatively, 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(dihak) substituted phenyl)phosphinyl group, a 

bis(dialkyl substituted phenyl)phosphinyi group, a bis(dialkoxy substituted phenyOphosphinyl group, a 

bis(trialkylphenyl)phosphinyl group, or a bis(trialkoxyphetiyl)phosphinyl group; alternatively, bis(diha!o 

substituted phenyl)phosphinyl group; alternatively, a bis(dialkyi substituted phenyl)phosphinyl group; 

alternatively, a bis(dialkoxy substituted phenyl)phosphioyl group; alternatively, a bis(trialkylphenyl)-

phosphinyl group; or alternatively, a bis(trialkoxyphenyl)phosphiiiyl group. Halogens, alkyl group 

substituents (general and specific), and alkoxy group substituents (general and specific) are independently 

described herein (e.g., as substituents for substituted R1 groups) and can be utilized, without limitation to 

further describe the phosphinyl group which can be utilized in the Nz-phosphinyl guanidine compound. 

[00120| In a non-limiting aspect, the phosphinyl groitp of the Nz-phosphinyl guanidine compound can 

be a dimethylphosphinyi group, a diethylphosphinyl group, a diisopropyiphosphinyl group, a 

di -tert-butylphosphinyi group, or a di-neo-pentylphosphinyl group. In a non -limiting embodiment, the 

phosphinyl group of the Nz-phosphinyl guanidine compound can be a dimethylphosphinyi group; 

alternatively, a diethyl phosphinyl group; alternatively, a diisopropyiphosphinyl group; alternatively, a 

di-tert-butylphosphinyi group; or alternatively, a di-neo-pentylphosphinyl group. In a non-limiting 

aspect, the phosphinyl group of the N2-phosphinyl guanidine compound can be a (methyi)(phenyi)--
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phosphinyl group, a (ethyl)(phenyl)phosphinyl group, a (isopropyl)(phenyl)phosphinyl group, a 

(tert-butyl)(phenyl)phosphinyl group, or a (neo-pentyl)(phenyl)phosphinyl group. In an embodiment, the 

phosphinyl group of the Nz-phosphinyl guanidine compound can be a (methyl)(phenyl)phosphinyl group; 

alternatively, a (ethyi)(phenyl) phosphinyl group; alternatively, a (isopropyl)(phenyl)phosphinyl group; 

aiternativeiy, a (tert-butyl)(phenyl)phosphinyl group; or alternatively, a (neo-pentyl)(phenyl)phosphinyl 

group. In some non-limiting embodiments, the phosphinyl group of the N2-phosphinyl guanidine 

compound can be a dicyclopentyl phosphinyl group, a dicyclohexyl phosphinyl group; alternatively, a 

dicyclopentylphosphinyl group; or alternatively, a dicyclohexylphosphinyl group. 

|00121] In yet another non non-limiting aspect, the phosphinyl group of the N~-phosphinyl guanidine 

compound can be a bis(2-fluorophetiyl)phosphinyl group, a bis(2-chlorophenyl)phosphinyl group, a 
bis(3-fluorophenyl)phosphinyl group, a bis(3-chlorophenyl)phosph.inyl group, a bis(4-tIuorophenyi)-

phosphinyl group, or a bis(4-chlorophenyl)phosphinyl group. In some non-limiting embodiments, the 

phosphinyl group of the N^-phosphinyl guanidine compound can be a bis(2-fluorophenyl)phosphinyl 

group, a bis(3-fluorophenyi)phosphinyl group, or a bis(4-fluorophenyl)phosphinyl group; or alternatively, 

a bis(2-chlorophenyl)phosph.inyl group, a bis(3-chloropbenyl)pbosphinyl group, or a bis(4-chlorophenyl)-

phosphinyl group. In other non-limiting embodiments, the phosphinyl group of the N2-phosphinyl 

guanidine compound can be a bis(2-fluorophenyl)phosphinyl group; alternatively, a bis(2-chlorophenyl)-

phosphinyl group; alternatively, a bis(3-fluorophenyl)phosphinyl group; alternatively, a bis(3-chloro-

phenyl)phosphinyl group; alternatively, a bis(4-fluorophenyi)phosphinyi group; or alternatively, a 

bis(4-chlorophenyl)phosph.inyl group. 

[00122] In yet another non non-limiting aspect, the phosphinyl group of the N2-phosphinyl guanidine 

compound can be a (2-fluorophenyl)(phenyl)phosphinyl groitp, a (2-chlorophenyl)(phenyl)phosphinyl 

group, a (3-fluorophenyl)(phenyl)phosphinyl group, a (3-chlorophenyl)(phenyl)phosphinyl group, a 

(4-fluorophenyl)(phenyl)phosphinyl group, or a (4-chlorophenyl.)(phenyl)phosphinyl group. In some 

non-limiting embodiments, the phosphinyl group of the Nz-phosphinyl guanidine compound can be a 

(2-fluorophenyl)(phenyl)phosphinyl group, a (3-fluorophenyl)(phenyl)phosphinyl group, or a (4-fluoro-

phenyl)(phenyl)phosphinyl group; or alternatively, a (2-chlorophenyl)(phenyl)phosphinyl groitp, a 

(3-chlorophenyl)(phenyl)phosphinyl group, or a (4-chlorophenyl)(phenyl)phosphinyl group. In other 

non-limiting embodiments, the phosphinyl group of the N2-phosphinyl guanidine compound can be a 

(2-fluorophenyl)(phenyl)phosphinyl group; alternatively, a (2-chlorophenyl)(phenyl)phosphinyl group; 

alternatively, a (3-fluorophenyl)(phenyl)phosphinyl group; alternatively, a (3-chlorophenyl)(phenyl)-
phosphinyl group; alternatively, a (4-fluorophenyl)(phenyl)phosphinyl group; or alternatively, a 

(4~chlorophenyl)(phenyl)phosphinyl group. 
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j00123] In yet another non non-limiting aspect, the phosphinyl group of the N":~phosphinyl guanidine 

compound can he a diphenylphosphinyl group, a bis(2-methylphenyl)phosphinyl group, a bis(2-ethyl-

phenyl)phosphinyi group, a bis(2-isopropylphenyl)phosphinyl group, a bis(2-tert-butylphenyl)phosphinyl 

group, a bis(3-methylphenyl)phosphinyl group, a bis(3-ethylphenyl)phosphinyl group, bis(3-isopropyl-

phenyljphosphinyl group, a bis(3-tert-butylphenyl)phosphinyl group, a diphenylphosphinyl group, a 

bis(4-methylphenyl)phosphinyl group, a bis(4-ethylph.enyl)phosphinyl group, a bis(4-isopropylphenyl)-

phosphinyl group, or a bis(4-tert-butylphenyl)phosphinyl group. In a non-limiting embodiment, the 

phosphinyl groitp of the N2-phosphinyl guanidine compound can be a bis(2-methylphenyl)phosphinyl 

group, a bis(2-ethylphenyl)phosphinyl group, a bis(2-isopropylphenyl)phosphinyl group, or a 

bis(2-tert-butylphenyl)phosphinyl group; alternatively, a diphenylphosphinyl group, a bis(3-methyl-

phenyl)phosphinyl group, a bis(3-ethylphenyl)phosphinyl group, a bis(3-isopropylphenyl)phosphinyl 

group, or a bis(3-tert-butylphenyl)phosphinyl group; or alternatively, a diphenylphosphinyl group, a 

bis(4-methylphenyl)phosphinyl group, a bis(4-ethylphenyl)phosphinyl group, a bis(4-isopropylphenyl)-

phosphinyl group, or a bis(4-tert-butylphenyl)phosphinyl group. In other non-limiting embodiments, the 

phosphinyl group of the N'-phosphinyl guanidine compound can be a diphenylphosphinyl group; 

alternatively, a bis(2-methylphenyl)phosphinyl group; alternatively, a bis(2-ethylphenyl)phosphinyl 

group; alternatively, a bis(2-isopropylphenyl)phosphiiiyl group; alternatively, a bis(2-tert-butylphenyl)-

phosphinyl group; alternatively, a bis(3-methylphenyl)phosphinyl group; alternatively, a bis(3~ethyl~ 

phenyl)phosphinyl group; aiternativeiy, a bis(3-isopropylphenyl)phosphinyl group; alternatively, a 

bis(3-tert-butylphenyl)phosphinyl group; alternatively, a diphenylphosphinyl group; aiternativeiy, a 

bis(4-methylphenyl)phosphinyl group; alternatively, a bis(4-ethylphenyl)phosphinyl group; alternatively, 

a bis(4-isopropylphenyl)phosphinyl group; or alternatively, a bis(4-tert-butylphenyl)phosphmyl group. 

|00124] In yet another non non-limiting aspect, the phosphinyl group of the N~-phosphinyl guanidine 

compound can be a diphenylphosphinyl group, a (2-methylpbenyl)(phenyl)pbosphinyl group, a (2-ethyl-

phenyl)(phenyl)phosphinyl group, a (2-isopropylphenyl)(phenyl)phosphinyl group, a (2-tert-butyl-

phenyl)(phenyl)phosphinyl group, a (3-methylphenyl)(phenyl)phosphiiiyl group, a (3-ethylphenyl)-

(phenyl)phosphinyl group, a (3-isopropylphenyl)(phenyl)phosphinyl group, a (3-tert-butylphenyl)-

(phenyl)phosphinyl group, a diphenylphosphinyl group, a (4-methylphenyl)(phenyl)phosphinyl group, a 

(4-ethylphenyl)(phenyi)phosphiny! group, a (4-isopropylphenyl)(pbenyl)pbosphinyl group, or a 

(4-tert-butylphenyl)(phenyl)phosphinyl group. In a non-limiting embodiment, the phosphinyl group of 

the N2-phosphinyl guanidine compound can be a (2-methylphenyl)(phenyl)phosphinyl group, a (2-ethyl-

phenyl)(phenyl)phosphinyl group, a (2-isopropylphenyl)(phenyl)phosphinyl group, or a (2-tert-butyl-

phenyi)(phenyl)phosphinyl group; aiternativeiy, a diphenylphosphinyl group, a (3-methylpbenyl)-
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(phenyljphosphinyl group, a (3-ethylphenyl)(phenyl)phosphinyl group, a (3-isopropylphenyl.)(phenyl)-

phosphinyl group, or a (3-tert-butylphenyl)(phenyl)phosphinyl group; or alternatively, a diphenyl­

phosphinyl group, a (4-methylphenyl)(phenyl)phosphinyl group, a (4-ethylphenyl)(phenyl)phosphinyl 

group, a (4-isopropylphenyl)(phenyl)phosphinyl group, or a (4-tert-butylphenyl)(pheny])phosphinyl 

group. In other non-limiting embodiments, the phosphinyl group of the N'-phosphmyl guanidine 

compound can be a diphenylphosphinyl group; alternatively, a (2-methylphenyl)(phenyl)phosphiny{ 

group; alternatively, a (2-ethylphenyl)(phenyl)phosphinyl group; alternatively, a (2-isopropylphenyl)-

(phenyl)phosphinyl group; alternatively, a (2-terfc-butylphenyl)(phenyl)phosphinyl group; alternatively, a 

(3-methylphenyl)(phenyl)phosphinyI group; alternatively, a (3-ethylphenyl)(phenyl)phosphinyl group; 

alternatively, a (3-isopropylphenyl)(phenyl)phosphinyI group; alternatively, a (3-tert-butylphenyl)-

(phenyl)phosphinyl group; alternatively, a diphenylphosphinyl group; alternatively, a (4-methylphenyl)-

(phenyl)phosphinyl group; alternatively, a (4-ethylphenyl)(phenyl)phosphiayl group; alternatively, a 

(4-isopropylphenyl)(phenyl)phosphinyl group; or alternatively, a (4-tert-butylphenyl)(phenyl)phosphinyl 

group. 

[00125] In yet another non non-limiting aspect, the phosphinyl group of the N2-phosphinyl guanidine 

compound can be a diphenylphosphinyl group, a bis(2-methoxyphenyl)phosphinyl group, a bis(2-ethoxy-

phenyl)phosphinyl group, a bis(2-isopropoxyphenyl)phosphinyl group, a bis(2-tert-butoxyphenyl)-

phosphinyl group, a bis(3-methoxyphenyl)phosphinyl group, a bis(3-ethoxyphenyl)phosphinyl group, a 

bis(3-isopropoxyphenyl)phosphinyl group, a bis(3-tert-butoxyphenyl)phosphinyl group, a diphenoxy-

phosphinyl group, a bis(4-methoxypheiiyl)phosphinyl group, a bis(4-ethoxyphenyl)phosphitiyl group, 

bis(4-isopropoxyphenyl)phosphinyl group, or a bis(4-tert-butoxyphenyl)phosphinyl group. In a non-

limiting embodiment, the phosphinyl group of the N2-phosphinyl guanidine compound can be a 

bi s(2-methoxyphenyl)phosphinyl group, a bis(2-ethoxyphenyl)phosphinyl group, a bis(2-isopropoxy-

phenyi)phosphmyl group, or a bis(2-tert-butoxyphenyl)phosphinyl group; alternatively, a diphenoxy-

phosphinyl group, a bis(3-methoxyphenyl)phosphinyl group, a bis(3-ethoxyphenyl)phosphinyl group, a 

bis(3-isopropoxyphenyl)phosphinyl group, or a bis(3-tert-butoxyphenyl)phosphinyl group; or 

alternatively, a diphenoxyphosphinyl group, a bis(4-methoxyphenyl)phosphinyl group, a bis(4-ethoxy-

phenyljphosphinyl group, a bis(4-isopropoxyphenyl)phosphinyl group, or a bis(4-tert-butoxyphenyl)-

phosphinyl group. In other non-limiting embodiments, the phosphinyl group of the N2»phosphinyi 

guanidine compound can be a diphenylphosphinyl group; alternatively, a bis(2-methoxyphenyl)-

phosphinyl group; alternatively, a bis(2-ethoxyphenyl)phosphinyl group; alternatively, a bis(2-iso-

propoxyphenyl)phosphinyl group; alternatively, a bis(2-tert-butoxyphenyl)phosphinyl group; 

alternatively, a bis(3-methoxyphenyl)phosphinyt group; alternatively, a bis(3-ethoxyphenyl)phosphinyt 
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group; alternatively, a bis(3-isopropoxyphenyl)phosphinyl group; aiternativeiy, a bis(3-tert-butoxy-

phenyl)phosphinyi group; alternatively, a dipiienoxypliospliinyl group; alternatively, a bis(4-methoxy-

phenyl)phosphinyl group; alternatively, a bis(4-ethoxyphenyl)phosphinyl group; alternatively, a bis(4-iso-

propoxyphenyl)phosphinyl group; or aiternativeiy, a bis(4-tert-butoxyphenyl)phosphinyl group. 

[00126] In yet another non non-limiting aspect, the phosphinyl group of the N2-phosphinyl guanidine 

compound can be a diphenylphosphinyl group, a (2-methoxyphenyl)(phenyl)phosphinyl group, a 

(2-ethoxyphenyl)(phenyI)phosphinyl group, a (2-isopropoxyphenyl)(phenyl)phosphinyl group, a 

(2-tert-butoxyphenyl)(phenyl)phosphinyl group, a (3-methoxyphenyl)(phenyl)phosphinyl groitp, a 

(3-ethoxyphenyl)(phenyl)phosphinyl group, a (3-isopropoxyphenyi)(phenyi)phosphinyl group, a 

(3-tert-butoxyphenyl)(phenyl)phosphinyl group, a diphenoxyphosphinyl group, a (4-methoxyphenyl)-

(phenyl)phosphinyl group, a (4-ethoxyphenyl)(phenyl)phosphinyl group, a (4-isopropoxyphenyl)-

(phenyl)phosphinyl group, or a (4-tert-butoxyphenyl)(phenyl)phosphinyl group. In a non-limiting 

embodiment, the phosphinyl group of the Nz-phosphinyl guanidine compound can be a (2-methoxy-

phenyl)(phenyi)phosphmyl group, a (2-ethoxyphenyl)(phenyl)phosphinyl group, a (2-isopropoxyphenyl)-

(phenyl)phosphinyi group, or a (2-tert-butoxypbeiiyl)(phenyl)phosphinyl group; alternatively, a 

diphenoxyphosphinyl group, a (3-methoxyphenyl)(phenyl)phosphinyl group, a (3-ethoxyphenyl)(phenyl)-

phosphinyl group, a (3-isopropoxyphenyl)(phenyl)phosphinyl group, or a (3-tert-butoxyphenyl)(phenyl)-

phosphinyl group; or alternatively, a diphenoxyphosphinyl group, a (4-methoxyphenyl)(phenyl)-

phosphinyl group, a (4-ethoxyphenyl)(phenyl)phosphinyi group, a (4-isopropoxyphenyi)(phenyl)-

phosphinyl group, or a (4-tert-butoxyphenyl)(phenyl)phosphinyl group. in other non-limiting 

embodiments, the phosphinyl group of the N2-phosphinyl guanidine compound can be a diphenyl­

phosphinyl group; alternatively, a (2-methoxyphenyl)(phenyl)phosphinyl group; alternatively, a 

(2-ethoxyphenyl)(phenyl)phosphinyl group; alternatively, a (2-isopropoxyphenyl)(phenyl)phosphinyl 

group; alternatively, a (2-tert-butoxyphenyl)(phenyl)phosphinyl group; alternatively, a (3-methoxy-

phenyl)(phenyl)phosphinyl group; aiternativeiy, a (3-ethoxyphenyi)(phenyi)phosphinyl group; 
alternatively, a (3-isopropoxyphenyl)(phenyl)phosphiixyl group; alternatively, a (3-tert-butoxyphenyl)-

(phenyi)phosphinyl groitp; alternatively, a diphenoxyphosphinyl groitp; alternatively, a (4-methoxy-

phenyl)(phenyl)phosphinyl group; aiternativeiy, a (4-ethoxyphenyl)(phenyl)phosphinyl group; 

alternatively, a (4-isopropoxyphenyl)(phenyl)phosphinyl group; or alternatively, a (4-tert-butoxy-

phenyl)(phenyl)phosphinyl group. 

|00127] In an aspect, embodiment, R1 and Rza can be joined to form a group, L1Z, wherein L12, the N1 

nitrogen atom, and the N" nitrogen atom can form a ring or a ring system. In another aspect, Rib and R3 

can be joined to form a group, L23, wherein L23, the N' nitrogen, and the N": nitrogen atom can from a ring 
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or a ring system. In an embodiment, I/2 and/or L2' can be an organylene group; aiternativeiy, an 

organylene group consisting of inert functional groups; or alternatively, a hydrocarbylene group. The 

organylene group which can be utilized as L1* andL2j independently can be a C2 to C2o organylene group; 

aiternativeiy, a C2 to C15 organylene group; aiternativeiy, a C2 to Ci0 organylene group; or aiternativeiy, a 

C2 to C5 organylene group. The organylene group consisting of inert functional groups which can be 

utilized as Lu and I;2"' independently can be a C2 to C20 organylene group consisting of inert functional 

groups; alternatively, a C2 to C:5 organylene group consisting of inert functional groups; alternatively, a 

C2 to Cio organylene group consisting of inert functional groups; or alternatively, a C2 to C5 organylene 

group consisting of inert functional groups. The hydrocarbylene group which can be utilized as Ll~ and 

L2' independently can be a C2 to C20 hydrocarbylene group; aiternativeiy, a C2 to C15 hydrocarbylene 

group; alternatively, a C2 to C]0 hydrocarbylene group; or alternatively, a C2 to C5 hydrocarbylene group. 

In some embodiments wherein the N2-phosphinyl guanidine compound includes Lu and L23, L'2 and L2J 

can be the same. In other embodiments wherein the Nz-phosphinyl guanidine compound includes Ll2 and 

\ L12 and If5 can be different, 

[00128] In an embodiment, L12 and/or L2"1 can have any structure provided in Table 1, In embodiments, 

L'2 and/'or L23 can have Structure 1L, Structure 2L, Structure 3L, Structure 4L or Structure 5L. In some 

embodiments, Lu and I/3 independently can have Structure 2L or Structure 3L; alternatively. Structure 4L 

or Structure 5L. In other embodiments, L'2 and L23 independently can have Structure 1L; aiternativeiy, 

Structure 2L; alternatively, Structure 3L; alternatively, Structure 4L; or alternatively, Structure 5L. In 

some embodiments, Lu can have Structure 6L. It should be noted that when L" has Structure 6L the 

corresponding R2b is null because of the double bond link (depicted as real but can be through aromatic 

resonance) with the N3 nitrogen atom of the N^-phosphinyl guanidine group. 

Table 1 - Potential Structure for Linking Groups L12 and/or L2'. 

•(CR1 IV -CR1 :R' ; -CRL 5RL6„ -CRL3RL4-CRL7RL8-CRL5RL6-
Structure 1L Structur e 2L Structure 3L 

-CR 1 (Re­ RL23 / \ .....Ff2e CR -CR2" CR 

structure 4L 
RL24 

Structur 
R! 

e 5L 

L25 
Straetare 61, 

Within the structures of Table 1, the undesignated valencies represent the points at which L" and/or L2;!, 

when present, attach to the respective nitrogen atoms of the N2-phosphinyl guanidine group. Generally, 
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ra can be an integer ranging from 2 to 5. In further embodiments, m can be 2 or 3; alternatively, ra can be 

2; or alternatively, m can be 3. Ru and RLz of the Uniting group having Structure 1L, RL3, RL^, RL\ and 

R^6 of the linking group having Structure 2L, RLJ, Ru, R1'5, RLC, R1,7, and R1*, of the linking group having 

Structure 3L, RLU and RLli of the linking group having Structure 4L, R1"2^, RL/\ RL24, RLz5, and Rl 26 of the 

linking group having Structure 5L, R127, RL/*S, and R.!":y of the linking group having Structure 6L 

independently can be a hydrogen or a non-hydrogen substituent group (any general or specific described 

herein); or alternatively, hydrogen. Non-hydrogen substituent group (general and specific) are 

independently disclosed herein and can be ittilized without limitation to further describe the linking group 

having Structure 1L, Structure 2L, Structure 3L, Structure 4L, and/or Structure 5L. In an embodiment, 

L[/* and Lr3 independently can be an eth-1,2-ylene group (-CH2CH2-), an ethen-1,2-ylene group 

(-CHNCH-), a prop-l,3-ylene group (-CH2CH2CH2-), a 1-methylethen-l,2-ylene group (-C(CH3)==CH-), a 

but-l,3-ylene group (-CH2CH2CH(CH3)-), a 3-methylbut-I,3-ylene group (-CH2CH2C(CH;-,)2-), or a 

phen-1,2-ylene group. In some non-limiting embodiments, Ll2 andL23 independently be an eth-l,2-ylene 

group (-CH2CH2-), a prop-l,3-ylene group (-CH2CH2CH2-), a 1 -methylethen-1,2-ylene group 

(-C(CH3)=CH-), a but-l,3-ylene group (•CH2CH2CH(CH3)-), or a 3-methylbut-1,3-ylene group 

(-CH2CH2C(CH3)2-); alternatively, an eth-I,2-ylene group (-CH2CH2-), an ethen-1,2-ylene group 

(-CH=CH-), a prop-l,3-ylene group (-CH2CH2CH2-), or a phen-1,2-ylene group; alternatively, an 

eth-1,2-ylene group (-CH2CH2-) or a prop-l,3-ylene group (-CH2CH2CH2-); alternatively, an ethen-1,2-

ylene group (-CH=CH-) or a phen-1,2-ylene group. In other embodiments, L" and/or L23 can be an 

eth-1,2-ylene group (-CH2CH2-); alternatively, an ethen-1,2-ylene group (-CH=CH-); alternatively, a 

prop-l,3-ylene group (-CH2CH2CH2-); alternatively, a 1-methylethen-l,2-ylene group (-C(CH3)=CH-); 

alternatively, a but-l,3-ylene group (-CH2CH2CH(CH})-); alternatively, a 3-methylbut-1,3-ylene group 

(-CH2CH2C(CH3)2-); or alternatively, a phen-1,2-ylene group. In some embodiments, Lu can be a 

-CH=CH-CH= group. In an embodiment, L12 can have a structure that can comprise at least one 

substituent located on the carbon atom attached to the N1 nitrogen atom of the Nz-phosphinyl guanidine 

group; alternatively, can comprise only one substituent: located on the carbon atom attached to the N1 

nitrogen atom of the N2-phosphinyl guanidine group; or alternatively, can comprise two substituents 

located on the carbon atom attached to the N1 nitrogen atom of the N^-phosphinyl guanidine group. In 

another embodiment, L12 can have a structure that can consist of one substituent located on the carbon 

atom attached to N1 nitrogen atom of the N^-phosphinyl guanidine group; or alternatively, can consist of 

two substituents located on the carbon atom attached to N1 nitrogen atom of the N"-phosphinyl guanidine 

group. In an embodiment, L23 can have a structure that can comprise at least one substituent located on 

the carbon atom attached to the N2 nitrogen atom of the N2-phosphinyl guanidine group; alternatively, can 
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comprise only one substituent located on the carbon atom attached to the N2 nitrogen atom of the N":-

phosphinyl guanidine group; or alternatively, can comprise two substituents located on the carbon atom 

attached to the N2 nitrogen atom of the N2-phosphinyl guanidine group. In another embodiment, IS3 can 

have a structure that can consist of one substituent located on the carbon atom attached to N4 nitrogen 

atom of the N2-phosphinyl guanidine group; or alternatively, can consist of two substituents located on 

the earbon atom attached to N2 nitrogen atom of the N2-phosphmyl guanidine group. 

[00129] In an embodiment, R2a and Rzc can be joined to form a group, L2z, wherein R'"1, R"'J, and the N3 

nitrogen (or V2 and the N3 nitrogen) forms a ring or ring system. In an embodiment, L22 can be an 

organylene group; alternatively, an organylene group consisting of inert functional groups; or 

alternatively, a hydrocarbylene group. The organylene group which can be utilized as L2/' can be a C3 to 

Qo organylene group; alternatively, a C3 to Cj5 organylene group; or alternatively, a C3 to C)0 organylene 

group. The organylene group consisting of inert functional groups which can be utilized as L22 can be a 

C3 to C20 organylene group consisting of inert functional groups; alternatively, a C3 to C15 organylene 

group consisting of inert functional groups; or alternatively, a C3 to Cl0 organylene group consisting of 

inert functional groups. The hydrocarbylene group which can be utilized as L"'2 can be a C4 to C2o 

hydrocarbylene group; alternatively, a C'4 to Cj$ hydrocarbylene group; or alternatively, a C4 to C;0 

hydrocarbylene group. 

|00130] In an embodiment, V2 can have any structure provided in Table 2. In some embodiments, V2 

can have Structure 111-., Structure 121,, Structure 131., Structure 14L, or Structure 15L. In other 

embodiments, I,22 can have Structure 2L or Structure 31,; alternatively, Structure 4L or Structure 5L. In 

other embodiments, the linking group can have Structure 1L; alternatively, Structure 2L; alternatively, 

Structure 3L; alternatively, Structure 4L; or alternatively, Structure 5L. 

Table 2 - Potential Structure for Linking Groups IS2. 

-(CRL31RL32)„-
Structure 11L 

-CRL4iRfA2-CRDt5RL46-CRL49RL50-CRL47Ri'48-CRi'43RL44-
Structure 13L 

•CR1 R1 ' -CR1 ' R1 ' •()•( R1' R: ;:R! •• -CRL5i=CRL53-CRL54-CRL52 

Structure 1SL Structure 16L 

-CR R -CR R CRL+ 'R"8 CRL+JR -
Stnicture 12L 

[00131] Within the structures of Table 2, the undesignated valencies represent the points at which I/'2, 

when present, attaches to the NJ nitrogen atom of the N2-phosphinyl guanidine group. Generally, n can 
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be an integer ranging from 4 to 7. In furtiier embodiments, n can be 4 or 5; aiternativeiy, n can be 4; or 

alternatively, n can be 5. RLJ1 and RL32 of the linking group having Structure 11L, RW1, RL42, RMJ, RL4':, 

RL45, R1"46, RU7, and RL48 of the linking group having Structure 12L, RL4}, RL42, R^3, RL44, RL4fi, RL46, RW7, 

RL48, R!>w, and RL5° of the linking group having Structure 13L, RMl, R!J42, RL4~, R^*4, RLA5, RL4b, Rlj47, and 

R!Jls of the linking group having Structure 14L, RU|, RL42, R14', RL44, R145, RL4°, RW7, and R!Jl8 of the 

linking group having Structure 15L, and R1'31, R152, RLM, and R154 of the linking group having Structure 

16L independently can be a hydrogen or a non-hydrogen substituent group (any general or specific 

described herein); alternatively, hydrogen. Non-hydrogen substituent groups (general and specific) are 

independently disclosed herein and can be utilized without limitation to further describe the linking group 

having Structure 11L, Structure 12L, Structure 13L, Structure 14L, Structure 15L, and/or Structure 16L. 

In an embodiment, L2z can be a but-l,4-ylene group, a pent-i,4-ylene group, a pent-l,5-ylene group, a 

hex-2,5-ylene group, a hex-l,5-ylene group, a hept-2,5-ylene group, a buta-1,3-dien-l,4-ylene group, or a 

bis(eth-2~yl)ether group; alternatively, a but-l,4-ylene group, a pent-l,5-ylene group, or a bis(eth-2-

yl)ether group; alternatively, a but-I,4-ylene group; alternatively, a pent-l,5-ylene group; alternatively, a 

buta-1,3-dien-1,4-ylene group; or alternatively, a bis(eth-2-yi)ether group, 

[00132] In an embodiment, the N2-phosp!iinyl guanidine compound comprising at least one N2-

phosphinyl guanidine group can have Structure Gu6, Gu7, Gu8, Gu9, GulO, Gull, Gul2, Gul3, Gul4, 

Gul 5, Gul6, Gul7, Gul 8, Gul9, Gu20, Gu21, Gu22, Gu23, Gu24, Gu25, or Gu26; alternatively, 

Structure Gu6, Gu7, Gu8, Gu9, GulO, Gull, Gul2, Gul3, Gul4, or Gul5; alternatively, Structure Gul7, 

Gul 8, Gu21, Gu22, Gu23, Gu24, or Gu25; alternatively, Structure Gul9 or Gu20; alternatively, Structure 

Gu6; alternatively, Stmcture Gu7: alternatively, Structure Gu8: alternatively, Structure Gu9; alternatively, 

Structure GulO; alternatively, Structure Gull; alternatively. Structure Gul2; alternatively, Structure 

Gul 3; alternatively, Structure Gul4; alternatively, Structure Gul5; alternatively, Structure Gul 6; 

alternatively. Structure Gul7; aiternativeiy, Stmcture Gul8; alternatively, Stmcture Gul9; alternatively, 

Structure Gu20; alternatively, Structure Gu21; alternatively, Structure Gu22; alternatively. Structure 

Gu23; alternatively, Stmcture Gu24; alternatively. Structure Gu25; or alternatively, Structure Gu26. 

Structure Gu6 Structure Gu7 Structure Gu8 
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Within the N'-phosphinyl guanidine compounds having Structures Gu6 to Gu26, R1, R2a, R*6 R3, R4, and 

R5 have been previously described for the N^-phosphitiyl guanidine compound Structures Gul-Gu5. Any 

aspect or embodiment of these R1, R2a, Rzb R\ R4, and R5 descriptions (general or specific) can be 

utilized, without limitation, to further describe any of the ligand Structures Gu6-Gu26 in which R!, R2a, 

Ri0 R3, R4, and/or R3 appears. Within the N2-phosphinyl guanidine compound having Structures Gu6-

Gu26, R^-R04 of Structures Gu6, GulO, and/or Gul2, R6l-R6b of Structures Gu7, Gull, and/or Gul 3, R7'-

R'4 of Structures Gu8, GulO, Gull, and/or Gul9, R,l-R'° of Structures Gu9, Gul2, Gul3 and/or Gu20, 

RSl-R88 of Structures Gul4 and/or Gul6, RSl-R90 of Stmcture Gul5, R2p-R5p of Stmcture Gul7, Rlla-R!2a 

of Structures Gul8, Gul9,Gu20, Gu21, and/or Gu24, R^-R2^ of Structures Gu21 and/or Gu23, R~la-R34a 

of Structures Gu22, Gu23, and/or Gu25, R4la-R44a of Structures Gu24 and/or Gu25, and/or R^-R56® of 

Structure Gu26 independently can be hydrogen or any substituent group (general or specific) described 

herein; or alternatively, hydrogen. In an embodiment, the N2-phosphinyl guanidine compound can have 

Structure Gu I, Gu II, Gu III, Gu IV, Gu V, Gu VI, Gu VII, Gu VIII, Gu IX, Gu X, Gu XI, Gu XII, Gu 

XIII, Gu XIV, Gu XV, Gu XVI, Gu XVII, Gu XVIII, Gu XIX, Gu XX, Gu XXI, Gu XXII, or Gu XXIII; 

alternatively, Structure Gu I, Gu II, or Gu III; alternatively, Stmcture Gu TV or Gu V; alternatively, 

Stmcture Gu VII, Gu VIII, Gu IX, Gu X, Gu XI, Gu XII, Gu XIII, Gu XIV, or Gu XV; alternatively, 

Structure Gu VII, Gu VIII, Gu IX, Gu X, Gu XI, or GU XXIII; alternatively, Structure Gu XII, Gu XIII, 

Gu XEV, or Gu XV; alternatively. Structure Gu XVII, Gu XVIII, Gu XIX, Gu XX, Gu XXI, or Gu XXII; 

alternatively, Structure Gu I; alternatively, Stmcture Gu IT; alternatively, Stmcture Gu TIT; alternatively, 

Stmcture Gu IV; alternatively, Stmcture Gu V; alternatively, Stmcture Gu VI; alternatively, Stmcture Gu 

VII; alternatively, Stmcture Gu VIII: alternatively, Stmcture Gu IX; alternatively, Structure Gu X; 

alternatively, Structure Gu XI: alternatively, Structure Gu XII: alternatively, Structure Gu XIII: 

alternatively, Stmcture Gu XIV; alternatively, Stmcture Gu XV; alternatively, Structure Gu XVI; 

alternatively, Stmcture Gu XVII; alternatively, Stmcture Gu XVIII; alternatively, Structure Gu XIX; 
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alternatively, Structure Gu XX; alternatively, Structure Gu XXI; alternatively, Structure Gu XXII; or 

alternatively. Structure Gu XXIII. 
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Structure Gu XXI Structure Gu XXII Structure Gu XXIII 

N2-Phosphinyl Guanidine Metal Salt Complexes 

[00133] In an aspect, this disclosure provides for a composition comprising an N '-phosphinyl 

guanidine metal salt complex; or alternatively, an N^-phosphinyl guanidine metal salt complex. 

Generally, the N2-phosphinyl guanidine metal salt complex can comprise a metal salt compiexed to an 

N2-phosphinyl guanidine compound. In some embodiments, the N2-phosphinyl guanidine metal salt 

complex can further comprise a neutral ligand, Q. N2-phosphinyl guanidine compounds are generally 

described herein and can be utilized, without limitation, to further describe the N2-phosphinyl guanidine 

metal salt complex comprising a metal salt compiexed to an N2-phosphinyl guanidine compound. In an 

embodiment, a metal compound compiexed to an N^-phosphinyl guanidine compound (or the N2-

phospbinyl guanidine metal salt complex) can have Stmcture MGul, MGu2, MGu3, MGu4, or MGu5; 

alternatively. Structure MGul; alternatively, Structure MGu2; alternatively, Structure MGu3; 

alternatively, Structure MGu4; or alternatively, Structure MGu5. 

in 
Structure MGul Structure MGu2 Structure MGu3 

4 
R'' R& 

Structure MGu4 Structure MGuS 
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Irs other embodiments, the metal salt compiexed to an N2-phosphinyl guanidine compound (or the N2-

pliGsphinyl guanidine metal salt complex) have Stmcture MGu6, MGu7, MGu8, MGu9, MGulO, MGul 1, 

MGul2, MGul3, MGisi4, MGul5, MGulb, MGul7, MGulB, MGul9, MGu20, MGu21, MGu22, 

MGu23, MGu24, MGu25, or MGu26; alternatively, Stmcture MGu6, MGu7, MGuS, MGu9, MGulO, 

MGull, MGul2, MGul3, MGul4, or MGul5; alternatively, Structure MGul7, MGul8, MGu21, 

MGu22, MGu23, MGu24, or MGu25; alternatively, Structure MGul9 or MGu20; alternatively, Stnicture 

MGu6; alternatively, Stmcture MGu7; alternatively. Structure MGuS; alternatively, Structure MGu9; 

alternatively, Stmcture MGulO; alternatively, Structure MGull; alternatively, Structure MGuI2; 

aiternativeiy, Structure MGul3; alternatively. Structure MGul4; alternatively, Stmcture MGulS; 

aiternativeiy, Stnicture MGul6; alternatively, Stmcture MGul7; aiternativeiy, Structure MGul 8; 

alternatively, Stmcture MGul9; alternatively, Stmcture MGu20; aiternativeiy, Stmcture MGu21; 

alternatively, Structure MGu22; alternatively, Structure MGu23; alternatively, Stmcture MGu24; 

alternatively. Structure MGu25: or alternatively, Structure MGu26. 

R;1 R72 

Structure MGu6 Structure MGu7 Structure MGu8 

Structure MGu9 Structure MGulO Structure MGul 1 
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Within the N2-phosphinyl guanidine metal salt complexes having Structures MGul to MGu26, R1, R"a, 

R2b RJ, R4, and R5 have been previously described for the N2-phosphinyl guanidine compound having 

Structures Gul-Gu5 and any aspect or embodiment of these descriptions (general or specific) can be 

utilized, without limitation, to further describe any of the N2-phosphinyl guanidine metal salt complex 

Structures MGul-MGu26 in which Rl, R7'a, R2s R\ R4, and/or R5 appears. Within the N'-phosphinyl 

guanidine compound having Structures MGu6-MGu26, R6l-R66, R'1-R'°, R8l-R90, RUa-Rl2a, R2ia-Rz2a, 

R3ia-R'4a, R4ia-R44a, and R34a-R56a have been previously described for the N2-phosphinyl guanidine 

compounds having Structures Gu6-Gu26 and any aspect or embodiment of these descriptions (general or 

specific) can be utilized, without limitation, to further describe any of the N2-phosphinyl guanidine metal 

salt complex Structures MGul-MGu26 in which R6i-R66, R7l-R76, R8i-R90, RUa-Rl2a, R21a-R22a, R3ia-R34a, 

R4,a-R'"a, and/or R^-R568 appears. In yet other embodiments, the N"-phosphinyl guanidine metal salt 

complexes can have Structure MGu I, MGu II, MGu III, MGu IV, MGu V, MGu VI, MGu VII, MGu 

VIII, MGu IX, MGu X, MGu XI, MGu XII, MGu XIII, MGu XIV, Gu MXV, Gu MXVI, Gu MXVII, Gu 

MXVITI, Gu MXIX, Gu MXX, Gu MXXT, Gu MXXI1, or Gu MXXITI; aiternativeiy, Structure MGu I, 

MGu II, or MGu III; alternatively. Structure MGu IV or MGu V; alternatively, Structure MGu VII, MGu 

VIII, MGu IX, MGu X, MGu XI, MGu XII, MGu XIII, MGu XIV, or MGu XV; alternatively, Structure 

MGu VII, MGu VIII, MGu IX, MGu XI, or MGu XXIII; alternatively, Structure MGu XII, MGu XIII, 

MGu XIV, or MGu XV; alternatively, Stnicture MGu I; alternatively, Structure MGu II; alternatively, 

Structure MGu III; alternatively, Structure MGu TV; alternatively, Stnicture MGu V; alternatively, 

Structure MGu VI; alternatively, Structure MGu VII; alternatively, Stnicture MGu VIII; alternatively, 

Structure MGu IX; alternatively. Structure MGu X; alternatively, Structure MGu XI: alternatively, 

Structure MGu XII; alternatively, Structure MGu XIII; alternatively, Structure MGu XIV; alternatively. 

Structure MGu XV; alternatively, Structure MGu XVI; alternatively, Structure MGu XVII; alternatively, 

Stnicture MGu XVIII; alternatively, Structure MGu XIX; alternatively, Structure MGu XX; alternatively, 

Structure MGu XXI; alternatively, Stmcture MGu XXII; or alternatively, Stnicture MGu XXIII. 
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Aspects and embodiments of the metal salts (MXP or MX„Qq), the neutral ligand (Q), and the number of 

neutral ligands (q), if present, are described herein and these aspects and embodiments, can be utilized 

without limitation to further describe the N2-phosphinyl guanidine metal salt complexes having Structures 

MGul to MGu26 and N2-phosphinyl guanidine metal salt complexes having Structures MGu I to MGu 

XVI, Other metal salts (MXP or MXpQa) compiexed to any N2»phosphinyi guanidine compound (or any 

N"-phosphinyl guanidine metal salt complex) can be envisioned (and are readily apparent) by showing the 

ligation bonds of MX„ to any ligand provided herein in a manner similar to the depictions of the metal 

compound, MX,, compiexed to respective N2-phosphinyl guanidine compound depicted herein. 

Depictions of N2-phosphinyl guanidine metal salt complex with general metal salts can have the structure 

designation MXnGuY or MXnGu X where M represents the metal of the metal salt (general or specific) 

without any neutral ligands (which may or may not be present in the Nz-phosphinyl 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 numeral designation of the respective N2-

phosphinyl guanidine compound within this description. Depictions of JST-pbosphinyl guanidine metal 

salt complex with a specific metal salt can have the structure designation MXnGuY or MXnGu X where 
MX„ is the specific metal salt without any neutral ligands (which may or may not be present in the N4-

phosphinyl 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 numeral 

designation of the respective Nz-phosphinyl guanidine compound within this description. Further, the 

neutral ligand (if present) and number of neutral ligands can be either generally provided as Qq or 

specifically designated by providing a designation of the ligand(s) and the number of ligands present. For 

example for designation illustrative purposes, general chromium salt N2-phosphinyl guanidine complexes 

for the N2-pbosphinyl guanidine metal salt complexes having Structures MGul to MGu26 and Structures 
MGu I to MGu XVI, general chromium trichloride IsP'-phosphinyl guanidine complexes for the Nz-

phosphinyl guanidine metal salt complexes having Structures MGul to MGu26, and some specific 

CrCl3 8 THF N2-phosphinyl guanidine complexes for the Nz-phosphinyl guanidine metal salt complexes 

having Structures MGu I to MGu XVI are provided with their appropriate Structure designations. 

78 

Structure MGu XXI Structure MGu XXII 
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[00134] Generally, the metal salt, MXP or MXPQq, of the N2-phosphmyl guanidine metal salt complex 

comprising a metal salt compiexed to an N2-phosphinyl guanidine compound can comprise a cationic 

metal, M, and a monoanionic ligand, X. In some embodiments, the metal salt can further comprise a 

neutral ligand which may or may not be present in the N"1-phosphinyl guanidine metal salt complex 

comprising a metal salt compiexed to an N2-phosphinyl guanidine compound. 

[00135] Generally, the metal atom of the metal salt, MXP or MXPQq, can be any metal atom. In an 

aspect, the metal atom of the metal salt can be a transition 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; 

alternatively, a Group 7-8 metal; alternatively, a Group 4 metal; alternatively, a Group 5 metal 

alternatively, a Group 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, zirconium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum, 

tungsten, manganese, iron, cobalt, nickel, palladium, platinum, copper, or zinc; alternatively, titanium, 

zirconium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum, tungsten, manganese, iron, 

or cobalt. In other embodiments, the metal salt can comprise titanium, zirconium, vanadium, chromium, 

molybdenum, tungsten, iron, cobalt, nickel, palladium, or platinum; alternatively, titanium, zirconium, 

vanadium, chromium, molybdenum, tungsten, iron, or cobalt; alternatively, chromium, iron, cobalt, or 

nickel; alternatively, chromium, iron, or cobalt; alternatively, titanium, zirconium or hafnium; 

alternatively, vanadium or niobium; alternatively, chromium, molybdenum or tungsten; alternatively, iron 

or cobalt: or alternatively, nickel, palladium, platinum, copper, or zinc; alternatively, palladium or 

platinum; or alternatively, copper or zinc. In other embodiments, the metal salt can comprise titanium; 
alternatively, zirconium; alternatively, hafnium; alternatively, vanadium; alternatively, niobium; 

aiternativeiy, tantalum; alternatively, molybdenum; alternatively, tungsten; alternatively, manganese; 

alternatively, iron; alternatively, cobalt; alternatively, nickel; alternatively, palladium; alternatively, 
platinum; alternatively, copper: or alternatively, zinc. In an embodiment, the metal salt can comprise 

chromium. 

[00136J Generally, the metal atom of the transition metal salt, MXP or MXpQq, can have any positive 

oxidation state available to the metal atom. In an embodiment, the transition metal (general or specific) 

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, MXP or MXpQq, can have an oxidation 

state or +1; aiternativeiy, +2; alternatively, +3; or alternatively, +4. 
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100137] The anion X, of the transition metal salt can be any monoanion. In an embodiment, the 

monoanion, X, can be a halide, a carboxylate, a p-diketonate, a hydrocarboxide, a nitrate, or a chlorate. 

In some embodiments, the monoanion, X, can be a halide, a carboxylate, a P-diketonate, or a 

hydrocarboxide. In any aspect or embodiment, the hydrocarboxide can be an aUkoxide, an aryloxide, or 

an aralkoxide. Generally, hydrocarboxide (and subdivisions of hydrocarboxide) are the anion analogues 

of the hydrocarboxy group. In other embodiments, the monoanion, X, can be a halide, a carboxylate, a [3-

diketonate, or an alkoxide; or alternatively, a halide or a P-diketonate. In other embodiments, the 

monoanion X can be a halide; alternatively, a carboxylate; alternatively, a p-diketonate; alternatively, a 

hydrocarboxide; alternatively, an alkoxide; or alternatively, an aryloxide. Generally, the number, p, of 

monoanions, X, can equal 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; alternatively, 1; 

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

|00138] Generally, each halide monoanion independently can be fluorine, chlorine, bromine, or iodine; 

or alternatively, chlorine, bromine, or iodine. In an embodiment, each halide monoanion can be chlorine; 

alternatively, bromine; or alternatively, iodine. 

[00139] Generally, the carboxylate, p-diketonate, or hydrocarboxide (inclusive of alkoxide, aryloxide, 

or aralkoxide) can be any Ci to C20 carboxylate, P-diketonate, or hydrocarboxide (inclusive of alkoxide, 

aryloxide or aralkoxide); or alternatively, any Ci to C}0 carboxylate, p-diketonate, or hydrocarboxide 

(inclusive of alkoxide, aryloxide, or aralkoxide). In some embodiments, the anion, X, can be a C< to C2o 

carboxylate; alternatively, a C. to C;0 carboxylate; alternatively, a Ci to C20 p-diketonate; alternatively, a 

Ci to Cw p-diketonate; alternatively, a C: to C2o hydrocarboxide; alternatively, a C-; to Cio 

hydrocarboxide; alternatively, a Cj to C2o alkoxide; alternatively, a C; to Cio alkoxide; alternatively, a C6 

to C2o aryloxide; or alternatively, a C6 to Cio aryloxide. 

[00140] In an aspect, each carboxylate monoanion independently can be acetate, a propionate, a 

butyrate, a pentanoate, a hexanoate, a heptanoate, an octanoate, a nonanoate, a decanoate, an undecanoate, 

a dodecanoate, a tridecanoate, a tetradecanoate, a pentadecanoate, a hexadecanoate, a heptadecanoate, or 

an octadecanoate; or alternatively, a pentanoate, a hexanoate, a heptanoate, a octanoate, a nonanoate, a 

decanoate, a undecanoate, or a dodecanoate. In an embodiment, each carboxylate monoanion 

independently can be acetate, propionate, n-butyrate, valerate (n-pentanoate), neo-pentanoate, capronate 

(n-hexanoate), n-heptanoate, caprylate (n-octanoate), 2-ethylhexanoate, n-nonanoate, caprate (n-

decanoate), n-undecanoate, laurate (n-dodecanoate), or stearate (n-octadecanoate); alternatively, valerate 
(n-pentanoate), neo-pentanoate, capronate (n-hexanoate), n-heptanoate, caprylate (n-octanoate), 2-
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ethylhexanoate, n-nonanoate, caprate (n-decanoate), n-undecanoate, or laurate (n-dodecanoate); 

alternatively, capronate (n-hexanoate); alternatively, n-heptanoate; alternatively, caprylate (n-octanoate); 

or alternatively, 2-ethylhexanoate. In some embodiments, the carboxylate anion can be triflate 

(trifluoroacetate). 

[00141] In an aspect, each p-diketonate independently can be acetylacetonate (alternatively 2,4-

pentanedionate), hexafluoroacetylacetone (alternatively, 1,1,1,5,5,5-hexafluoro-2,4-pentanediuonate, or 

benzoylacetonate); alternatively, acetylacetonate; alternatively, hexafluoroacetylacetone: or alternatively, 

benzoylacetonate. In an aspect, each alkoxide monoanion independently can be methoxide, ethoxide, a 

propoxide, or a butoxide. In an embodiment, each alkoxide monoanion independently can be methoxide, 

ethoxide, isopropoxide, or tert-butoxide; alternatively, methoxide; alternatively, an ethoxide; 

alternatively, an iso-propoxide; or alternatively, a tert-butoxide. In an aspect, the aryloxide can be 

phenoxide. 

Neutral Ligand 

[00142] Generally, the neutral ligand, Q, of the transition metal salt or the N2-phosphinyl guanidine 

metal salt complex comprising a transition metal salt compiexed to an N'-phosphinyl guanidine 

compound, if present, independently can be any neutral ligand that forms an isolatable compound with the 

metal salt or N2-phosphinyl guanidine metal salt complex comprising a transition metal salt compiexed to 

an N7*-phosphinyl guanidine compound. In an aspect, each neutral ligand independently can be a nitrile or 

an ether, in an embodiment, the neutral ligand can be a nitrile; or aiternativeiy, an ether. The number of 

neutral ligands, q, of the metal salt or N2-phosphinyl guanidine metal salt complex comprising a transition 

metal salt compiexed to an N~-phosphinyl guanidine compound can be any number that forms an 

isolatable compound with the metal salt or N2-phosphinyl guanidine metal salt complex comprising a 

transition metal salt compiexed to an N2-phosphinyl guanidine compound. In an aspect, the number of 

neutral ligands can be from 0 to 6; alternatively, 0 to 3: alternatively, 0; alternatively, 1; alternatively, 2; 

alternatively, 3; or alternatively, 4. It should be noted that the neutral ligand of the N2-phosphinyl 

guanidine metal salt complex comprising a transition metal salt compiexed to an N2-phosphinyl guanidine 

compound 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 N2-phosphinyl guanidine metal salt complex comprising a transition 

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

[00143] Generally, each neutral nitrile ligand independently can be a C2 to C2Q nitrile; or alternatively, 

a C2 to Ci0 nitrile. In an embodiment, each neutral nitrile ligand independently can be a C2-C2o aliphatic 
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nitrile, a C7-C2o aromatic nitrile, a Cg-C2o aralkane nitrile, or any combination thereof; aiternativeiy, a C2-

C20 aliphatic nitrile; alternatively, a C7-C20 aromatic nitrile; or alternatively, a Cg-Cso aralkane nitrile. In 

some embodiments, each neutral nitrile ligand independently can be a Qj-Cu) aliphatic nitrile, a C7-C;o 

aromatic nitrile, a Cg-C10 aralkane nitrile, or any combination thereof; alternatively, a C[-C;o aliphatic 

nitrile; alternatively, a C7-Ci0 aromatic nitrile; or alternatively, a C8-C<0 aralkane nitrile. 

[00144] In an embodiment, each aliphatic nitrile independently can be acetonitrile, propionitrile, a 

butyronitrile, or any combination thereof; alternatively, acetonitrile; alternatively, propionitrile; 

alternatively, or a butyronitrile. In an embodiment, each aromatic nitrile independently can be 

benzonitrile, 2-methylbenzomtrile, 3-methylbenzonitrile, 4-methylbenzonitnle, 2-ethylbenzonitrile, 3-

ethylbenzonitrile, 4-ethylbenzonitrile, or any combination thereof; alternatively, benzonitrile; 

alternatively, 2-methyl .benzonitrile; alternatively, 3-methylbenzonitrile; aiternativeiy, 4-

methylbenzonitrile; alternatively, 2-ethylbenzonitrile; alternatively, 3-ethylbenzonitrile; or alternatively, 

4-ethylbenzonitrile. 

[00145] Generally, each neutral ether ligand independently can be a C2 to C40 ether; alternatively, a C2 

to C30 ether; or aiternativeiy, a C2 to C20 ether. In an embodiment, neutral ligand independently can be a 

C2 to C40 aliphatic acyclic ether, a C3 to C40 aliphatic cyclic ether, a C4 to C40 aromatic cyclic ether, or a 

C12 to C40 diaryl ether; alternatively, a C2 to C40 aliphatic acyclic ether or a C3 to C40 aliphatic cyclic ether; 

alternatively, a C2 to C40 aliphatic acyclic ether; alternatively, a C3 to C40 aliphatic cyclic ether; 

aiternativeiy, a C4 to C40 aromatic cyclic ether; or alternatively, a Ci2 to C40 diaryl ether. In some 

embodiments, each neutral ether ligand independently can be a C2 to C30 aliphatic acyclic ether, a C3 to 

C30 aliphatic cyclic ether, a C4 to C30 aromatic cyclic ether, or a C12 to C30 diaryl ether; alternatively, a C2 

to C30 aliphatic acyclic ether or a C3 to C30 aliphatic cyclic ether; alternatively, a C2 to C30 aliphatic 

acyclic ether; alternatively, a C3 to C30 aliphatic cyclic ether; alternatively, a C4 to C30 aromatic cyclic 

ether; or aiternativeiy, a Ci2 to C30 diaryl ether. In other embodiments, each neutral ether ligand 

independently can be a C2 to C2o aliphatic acyclic ether, a C3 to C20 aliphatic cyclic ether, a C4 to C20 

aromatic cyclic ether, or a C[2 to C2(:. diaryl ether; alternatively, a C2 to C20 aliphatic acyclic ether or a C3 

to C20 aliphatic cyclic ether; alternatively, a C2 to C20 aliphatic acyclic ether; alternatively, a C3 to C20 

aliphatic cyclic ether; alternatively, a C4 to C20 aromatic cyclic ether; or alternatively, a C12 to C20 diaryl 

ether. 

[00146] In an embodiment, the aliphatic acyclic ether can be dimethyl ether, diethyl ether, a dipropyl 

ether, 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; aiternativeiy, methyl ethyl ether; 

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

[00147] In an embodiment, the aliphatic cyclic ether can be tetrahydrofuran, a substituted 

tetrahydrofuran, a dihydrofuran, a substituted dihydrofuran, 1,3-dioxolane, a substituted 1,3-dioxolane, 

tetrahydropyran, a substituted tetrahydropyran, a dihydropyran, a substituted dihydropyran, pyran, a 

substituted pyran, a dioxane, or a substituted dioxane; alternatively, tetrahydrofuran or a substituted 

tetrahydrofuran; alternatively, a dihydrofuran or a substituted dibydrofuran; alternatively, 1,3-dioxolane 

or a substituted 1,3-dioxolane; alternatively, tetrahydropyran or a substituted tetrahydropyran; 

alternatively, a dihydropyran or a substituted dihydropyran; alternatively, pyran or a substituted pyran; or 
alternatively, a dioxane or a substituted dioxane. In some embodiments, the aliphatic cyclic ether can be 

tetrahydrofuran, tetrahydropyran, or dioxane, or any combination thereof; alternatively, tetrahydrofuran; 

alternatively tetrahydropyran; or alternatively, dioxane, Substituents (general and specific) are 

independently disclosed herein and can be utilized withoitt limitation to further describe a substituted 

tetrahydrofuran, a substituted dihydrofuran, a substituted 1,3-dioxolane, a substituted tetrahydropyran, a 

substituted dihydropyran, 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, isobenzofuran, a substituted isobenzofuran, dibenzofuran, a substituted 

di benzofuran, or any combination thereof; alternatively, furan or a substituted furan; aiternativeiy, 

benzofuran or a substituted benzofuran; alternatively, isobenzofuran or a substituted isobenzofuran; or 

alternatively, a dibenzofuran or a substituted dibenzofuran. In some embodiments, the aromatic cyclic 

ether can be furan, benzofuran, isobenzofuran, dibenzofuran, or any combination thereof; alternatively, 

furan; alternatively, benzofuran; alternatively, isobenzofuran; or alternatively, dibenzofuran. Substituents 

(general and specific) are independently disclosed herein and can be utilized without limitation to further 

describe a substituted furan, a substituted benzofuran, a substituted isobenzofuran, or a substituted 

dibenzofuran which can be utilized as the neutral ligand. 

[00149] In an embodiment, the diaryl ether can be diphenyl ether, a substituted diphenyl ether, ditolyl 

ether, a substituted ditolyl ether, or any combination thereof; alternatively, diphenyl ether or a substituted 

diphenyl ether; or aiternativeiy, ditolyl ether or a substituted ditolyl ether. In some embodiments, the 

diaryl ether can be diphenyl ether or ditolyl ether; alternatively, diphenyl ether; or ditolyl ether. 

Substituents (general and specific) are independently disclosed herein and can be utilized without 
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limitation to furtiier describe a substituted diphenyl ether or a substituted ditolyl ether which can be 

utilized as the neutral ligand. 

[00150] The features of the transition metal salts have been independently described herein 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 compiexed to an -phosphinyl guanidine compound. 

[00151] In a non-limiting embodiment, the transition metal salts can be, comprise, or consist 

essentially of, a chromiimi(II) halide, a chromium(III) halide, a chromium(H) carboxylate, a 

chromium(III) carboxylate, a chromium(II) P-diketonate, a chromium(III) p-diketonate, a chromium(II) 

halide (THF) complex, a chromium(III) halide (THF) complex, an iron(II) halide, an iron(III) halide, an 

iron(Il) carboxylate, an iron(lll) carboxylate, an iron(11) p-diketonate, an iron(III) p-diketonate, a 

cobalt(II) halide, a cobalt(III) halide, a cobalt(II) carboxylate, a cobalt(III) carboxylate, a cobalt(H) 

P-diketonate, a cobalt(III) P-diketonate, a mckel(H) halide, a nickel(II) carboxylate, a nickel(II) 

P-diketonate, a palladium(II) halide, a palladium(II) carboxylate, a palladium(II) P-diketonate, a 

platinum(II) halide, a platinum(IV) halide, a platinum(IT) carboxylate, or a platinum(TV) carboxylate. In 

some non-limiting embodiments, the transition metal salt can be, comprise, or consist essentially of, a 

chromium(II) halide, a chromium(III) halide, a chromium (II) carboxylate, a chromium(III) carboxylate, a 

chromium(II) P-diketonate, a chromium(III) p-diketonate, a chromium(II) halide (THF) complex, or a 

chromium(Ill) halide (THF) complex; alternatively, an iron(II) halide, an iron(HI) halide, an iron(II) 

carboxylate, an iron(ITI) carboxylate, an iron(ll) p-diketonate, or an iron(HT) p-diketonate; alternatively, a 

cobalt(II) halide, a cobalt(III) halide, a cobalt(II) carboxylate, a cobalt(III) carboxylate, a cobalt(ll) 

P-diketonate, or a cobalt(III) P-diketonate; alternatively, a nickel(II) halide, a nickel(II) carboxylate, or a 

nickel(II) P-diketonate; alternatively, a palladium(II) halide, a palladium(II) carboxylate, or a 
palladium(II) p-diketonate; or alternatively, a platinum(II) halide, a platinum(IV) halide, a platinum(H) 

carboxylate, or a platinum(IV) carboxylate. In some embodiments, the transition metal salt can be, 

comprise, or consist essentially of, a chromium(III) halide, a chromium(III) carboxylate, a chromiimi(III) 

P-diketonate, a chromium(III) halide (THF) complex; alternatively, an iron(III) halide, an iron(IH) 

carboxylate, or an iron(III) p-diketonate; or alternatively, a cobalt(III) halide, a cobalt(III) carboxylate, or 

a cobalt(IIl) p-diketonate. In other embodiments, the transition metal salt can be, comprise, or consist 

essentially of, a chromium®) halide; alternatively, a chromium(III) halide; alternatively, a chromium (II) 

carboxylate; alternatively, a chromium(III) carboxylate; alternatively, a chromium(II) P-diketonate; 

alternatively, a chromium(III) P-diketonate; alternatively, a ehromium(II) halide (THF) complex; 

alternatively, a chromium(III) halide (THF) complex; alternatively, an iron(II) halide; alternatively, an 

iron(Ill) halide; alternatively, an iron(II) carboxylate; alternatively, an iron(Ill) carboxylate; alternatively, 
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an iron(II) P-diketonate; aiternativeiy, an iron(Iil) p-diketonate; aiternativeiy, a cobalt(II) halide; 

aiternativeiy, a cobalt(III) halide; aiternativeiy, a cobait(II) carboxylase; alternatively, a cobalt(IH) 

carboxylate; alternatively, a cobait(II) P-diketonate; alternatively, a cobalt(III) p-diketonate; alternatively, 

a nickel(II) halide; alternatively, a nickel(II) carboxylate; alternatively, a nickel(H) p-diketonate; 

alternatively, a palladiumCII) halide; alternatively, a palladium(IT) carboxylate; alternatively, a 

palladium(II) P-diketonate; alternatively, a platinumCII) halide; alternatively, a platinum(iV) halide; 

aiternativeiy, a platinum(H) carboxylate; or alternatively, a platinum(IY) carboxylate. 

[00152] In some non-limiting embodiments, the transition metal salt can be, comprise, or consist 

essentially of, chromium(II) chloride, chromium(III) chloride, chromium(II) fluoride, chromium(lTI) 

fluoride, chromiumCII) bromide, chromiumCI.il) bromide, chromium(Il) iodide, chromiumCI.il) iodide, 

chromium(ni) chloride (THF) complex, chromiumCII) acetate, chromiuniCI.il) acetate, chromiumCII) 2-

ethylhexanoate, chromium(HI) 2-ethylhexanoate, chromium(II) triflate, chromium(TII) triflate, 

chromium(III) nitrate, chromium(III) acetylacetonate, chromium* III) hexafluoracetylacetonate, 

chromiumOlI) benzoylacetonate, iron(IT) chloride, iron(III) chloride, iron(IT) fluoride, ironClII) fluoride, 

iron(II) bromide, iron(lll) bromide, iron(II) iodide, iron(III) iodide, iron(II) acetate, iron(III) acetate, 

iron(II) acetylacetonate, iron(III) acetylacetonate, iron(II) 2-ethylhexanoate, iron(III) 2-ethylhexanoate, 

iron(II) triflate, iron(III) triflate, iron(HT) nitrate, cobalt(IT) chloride, cobalt(ffl) chloride, cobalt(II) 

fluoride, cobalt(III) fluoride, cobalt(II) bromide, cobaltCIII) bromide, cobalt(II) iodide, cobalt(III) iodide, 

cobalt(II) acetate, cobalt(IH) acetate, cobalt(II) acetylacetonate, cobalt(III) acetylacetonate, cobalt(TI) 2-

ethylhexanoate, cobalt(III) 2-ethylhexanoate, cobalt(II) triflate, cobalt(III) triflate, cobaltCIII) nitrate, 

nickel(II) chloride, nickel(II) fluoride, nickel(II) bromide, nickel(II) iodide, nickel(II) acetate, nickel(II) 2-

ethylhexanoate, nickel(II) triflate, nickel(II) nitrate, nickel(II) acetylacetonate, nickel(H) 

benzoylacetonate, nickelCIT) hexafluoracetylacetonate, palladium(II) chloride, palladium(lT) fluoride, 

palladiumCII) bromide, palladium.(II) iodide, palladiumCII) acetate, palladium(Il) acetylacetonate, 

palladium(II) nitrate, platinumCII) chloride, pfatinumC-il) bromide, platinum.(II) iodide, or platinumCIV) 

chloride. In other embodiments, the transition metal salt can be, comprise, or consist essentially of, 

chromium(II) chloride, chromiirm(TII) chloride, chromium(II) fluoride, chromium(IH) fluoride, 

chromium(II) bromide, chromium(HI) bromide, chromium(II) iodide, chromiuniCIII) iodide, 

chromiumC-III) chloride (1 Mis complex, chromiumCII) acetate, chromiuniCI.il) acetate, chromium.(II) 2-

ethylhexanoate, chromium(III) 2-ethylhexanoate chromiumCII) triflate, chromiumCI.il) triflate, 

chromium(III) nitrate, chromium(III) acetylacetonate, chromium(III) hexafluoracetylacetonate, or 
chromiumCIII) benzoylacetonate; alternatively, iron(II) chloride, iron(III) chloride, iron(II) fluoride, 

iron(III) fluoride, iron(H) bromide, ironClII) bromide, iron(11 s iodide, iron(III) iodide, ironCll) acetate, 
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iron(III) acetate, iron(fl) acetylacetonate, iron(III) acetylacetonate, iron(li) 2-ethylhexanoate, iron(iTl) 2-

ethylhexanoate, iron(II) triflate, iron(III) triflate, or iron(IH) nitrate; alternatively, cobalt(H) chloride, 

cobait(III) chloride, cobalt(II) fluoride, cobalt(III) fluoride, cobah(II) bromide, cobait(III) bromide, 

cobalt(IT) iodide, cobalt(lTI) iodide, cobalt(IT) acetate, cobalt(TII) acetate, cobalt(II) acetylacetonate, 

cobait(in) acetylacetonate, cobalt(TI) 2-ethylhexanoate, cobalt(IIT) 2-ethylhexanoate, cobalt(TI) triflate, 

cobalt(III) triflate, or cobalt(III) nitrate; alternatively, nickel(II) chloride, mckel(fl) fluoride, mckel(II) 

bromide, nickel(H) iodide, nickel(Il) acetate, nickel(H) 2-ethylhexanoate, nickel(II) triflate, nickel(II) 

nitrate, nickel(II) acetylacetonate, nickel(II) benzoylacetonate, or nickel(II) hexafluoracetylacetonate; 

alternatively, palladium(II) chloride, palladium(II) fluoride, palladium(II) bromide, palladium(II) iodide, 

palladium(II) acetate, pailadium(H) acetylacetonate, or palladium(H) nitrate; or alternatively, platmum(II) 

chloride, platinum(II) bromide, platinum(II) iodide, or platinum(IV) chloride. In yet other embodiments, 

the transition metal salt can be, comprise, or consist essentially of, chromium(III) chloride, chromiimi(III) 

fluoride, chromium(III) bromide, chromium(III) iodide, chromium(IH) chloride (THF) complex, 

chromium(HI) acetate, chromium(Ill) 2-ethylhexanoate, cliromium(IH) triflate, chromium(HI) nitrate, 

chromium(IIl) acetylacetonate, chromium(III) hexafluoracetylacetonate, or chromium(III) 

benzoylacetonate; or alternatively, iron(III) chloride, iron(lll) fluoride, iron(IU) bromide, iron(lll) iodide, 

iron(III) acetate, iron(III) acetylacetonate, iroii(III) 2-ethylhexanoate, iron(III) triflate, or iron(III) nitrate. 

In further embodiments, the transition metal salt can be chromium(III) chloride, chromium(III) chloride 

(THF) complex, or chromium(TII) acetylacetonate; or alternatively, iron(IIT) chloride, or iron(III) 

acetylacetonate. 

[00153] In some non-limiting embodiments, the transition metal salts can be, comprise, or consist 

essentially of, chromium(H) chloride; alternatively, chromium(III) chloride; alternatively, chromium(H) 

fluoride; alternatively, chromium(TH) fluoride; alternatively, eliromium(II) bromide; alternatively, 

chromium(lll) bromide; alternatively, chromium(Il) iodide; alternatively, ehromium(III) iodide; 

alternatively, chromium(III) chloride (THF) complex; alternatively, chromium(II) acetate; alternatively, 

chromiimi(III) acetate; alternatively, chromium(II) 2-ethylhexanoate; alternatively, chromiimi(III) 2-

ethylhexanoate; alternatively, chromium(II) triflate; alternatively, chromium(IH) triflate; alternatively, 

chromium(ril) nitrate; alternatively, chromium(lll) acetylacetonate; alternatively, chromium(OT) 

hexafluoracetylacetonate; alternatively, ehromium(HI) benzoylacetonate; alternatively, iron(Il) chloride; 

alternatively, iron(IH) chloride; alternatively, iron(II) fluoride; alternatively, iron(HI) fluoride; 

alternatively, iron(II) bromide; alternatively, iron(III) bromide; alternatively, iron(II) iodide; alternatively, 

iroii(IH) iodide; alternatively, iron(IT) acetate; alternatively, iron(IH) acetate; aiternativeiy, iron(II) 

acetylacetonate; alternatively, iron(TII) acetylacetonate; alternatively, iron(H) 2-ethylhexanoate; 
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alternatively, iron(Iil) 2-ethylhexanoate; aiternativeiy, iron(Ii) triflate; alternatively, iron(Iil) triflate; 

alternatively, iron(HI) nitrate; alternatively, cobalt(H) chloride; alternatively, cobalt(III) chloride; 

alternatively, cobalt(II) fluoride; alternatively, cobalt(III) fluoride; alternatively, cobalt(II) bromide; 

alternatively, cohalt(III) bromide; alternatively, cohalt(II) iodide; aiternativeiy, cobalt(TlT) iodide; 

aiternativeiy, cobalt(II) acetate; alternatively, cobalt(III) acetate; alternatively, cobalt(IT) acetylacetonate; 

alternatively, cobalt(lll) acetylacetonate; alternatively, cobalt(U) 2-ethylhexanoate; alternatively, 

cobalt(lll) 2-ethylhexanoate; alternatively, cobalt(II) triflate; alternatively, cobalt(IIl) triflate; 

alternatively, cobalt(III) nitrate; alternatively, nickel(II) chloride; alternatively, nickel(II) fluoride; 

alternatively, nickel(II) bromide; alternatively, nickel(II) iodide; alternatively, nickel(II) acetate; 

aiternativeiy, nickel(II) 2-ethylhexanoate; alternatively, nickel(H) triflate; alternatively, nickel(TI) nitrate; 

alternatively, nickel(II) acetylacetonate; alternatively, mckel(II) benzoylacetonate; alternatively, nickel(H) 

hexafluoracetylacetonate; alternatively, palladium(II) chloride; alternatively, palladium(II) fluoride; 

alternatively, paliadium(II) bromide; alternatively, palladium(II) iodide; alternatively, palladium(II) 

acetate; alternatively, palladium(ll) acetylacetonate; alternatively, palladium(II) nitrate; alternatively, 

piatimmi(H) chloride; aiternativeiy, piatinumrtT) bromide; alternatively, platinum(II) iodide; or 

aiternativeiy, piatinumrtV) chloride. 

[00154] It should be appreciated, that a given N2-phosphinyl guanidine metal salt complex can have 

one or more neutral ligands even when the metal salt utilized to produce the -phosphinyl guanidine 

metal salt complex did not have any neutral ligands. Additionally, a given N2-phosphinyl guanidine 

metal salt complex can have more neutral ligands than present in the metal salt utilized to produce the Nz-

phosphinyl guanidine metal salt complex. 

Preparation of N2-Phosphinyi Guanidine Metal Salt Complexes 

[00155] In an aspect, this disclosure relates to a process of preparing an N^-phospbinyl guanidine metal 

salt complex. Generally, the process of preparing the N"'-phosphinyl guanidine metal salt complex can 
comprise: a) contacting a metal salt with an N2-phosphinyl guanidine compound; and b) forming the Nz-

phosphinyl guanidine metal salt complex. Generally, the N2-phosphinyl guanidine metal salt complex 

can be formed under conditions capable of forming an N2-phosphinyl guanidine metal salt complex. In 

some embodiments, the JST-phosphinyl guanidine metal salt complex can be isolated; alternatively 

purified; or alternatively, isolated and purified. 

[00156] N~-phosphinyl guanidine compounds are disclosed herein and can be utilized without 

limitation to further describe the process of preparing an N2-phosphinyl guanidine metal salt complex. 
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Metal salts are disclosed herein and can be utilized without limitation to further describe the process of 

preparing an N2-phosphinyl guanidine metal salt complex. 

[00157] Generally, the metal salt and the JNr-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 N2-phosphinyl guanidine compound can be contacted at a metal salt to N":-

phosphinyl guanidine compound equivalent ratio of at least 0.95:1; alternatively, of at least 0.975:1; or 

alternatively, of at least 0.99:1. In some embodiments, the metal salt and the N2-phosphinyl guanidine 

compound can be contacted at a metal salt to N^-phosphinyl guanidine compound equivalent ratio ranging 

from 0.9:1 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 aiternativeiy, ranging from 0.99:1 to 1.10:1. In other embodiments, the metal salt and the N"4-
phosphinyl guanidine compound can be contacted at a metal salt to N2-pbosphinyl guanidine compound 

equivalent ratio of about 1:1. 

|00158] Conditions capable of forming an N2-phosphinyl guanidine metal salt complex can comprise a 

contact temperatjire; alternatively, a contact time; or alternatively, a contact temperature and a contact 

time. In an embodiment, the contact temperature for forming an N2-phosphinyl 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 temperature for 

forming the Nz-phosphinyl guanidine metal salt complex can include a contact temperature ranging from 
0 °C to 60 °C; aiternativeiy, ranging from 5 °C to 50 °C; alternatively, ranging from 10 °C to 45 °C; or 

alternatively, ranging from 15 °C to 40 °C, In an embodiment, the contact time for forming the N2-

phosphinyl guanidine metal salt complex can include a contact time of at least 15 minutes; alternatively, 

of at least 30 minutes; alternatively, of at least 45 minutes; or alternatively, of at least 1 hour. In some 

embodiments, the contact time for forming the N^-phosphinyl guanidine metal salt complex can include a 

contact time ranging from 15 minutes to 36 hours; alternatively, ranging from 30 minutes to 30 hours; 

alternatively, ranging from 45 minutes to 24 hours; or alternatively, ranging from 1 hour to 18 hours. 

[00159] In an embodiment, the metal salt and the N2-phosphinyl guanidine compound can be contacted 

in a solvent. In some embodiments, the metal salt and the N^-phosphinyl guanidine compound can be 
contacted in a polar solvent. In some embodiments, the solvent is the same as the neutral ligand, Q, of the 

Nz-phosphinyl guanidine metal salt complex. Solvents (general and specific) and neutral ligands (general 

and specific) are generally disclosed herein and can be utilized, without limitation, to further describe the 

process of preparing the N2-phosphinyl guanidine metal salt complex. 
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[00160] In an embodiment, the Nz-phosphinyl guanidine metal salt complex can be utilized without 

further isolation or purification. In some embodiments, the Nz-phosphinyl guanidine metal salt complex 

can be isolated; aiternativeiy, purified; or alternatively, isolated and purified. In an embodiment, wherein 

the N2-phosphinyl guanidine metal salt complex is prepared in a solvent, the process to prepare the N2-

phosphinyl guanidine metal salt complex can include a step of isolating the N2-phosphinyI guanidine 

metal salt complex by evaporating the solvent, in an embodiment wherein the Nz-phosphinyl guanidine 

metal salt complex is prepared in a solvent, the process to prepare the N2-phosphinyl guanidine metal salt 

complex can include the step of isolating the N2-phosphinyl guanidine metal salt complex by filtering the 

solution to remove particulate materials and/or byproducts of the reaction and evaporating the solvent. In 

embodiments, the process to prepare the N^-phosphinyl guanidine metal salt complex can include a 

purification step wherein the N2-phosphinyl guanidine compound is purified by dissolving the N2-

phosphinyl guanidine metal salt complex in a solvent and filtering the solution to remove particulate 

materials and/or byproducts of the reaction. The solvent utilized to purify the N2-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 include a purification step of isolating the N2-phosphinyl guanidine metal salt complex by 

washing the N2-phosphinyl guanidine metal salt complex with a solvent. In other embodiments, the 

process of preparing the N2-phosphinyl guanidine metal salt complex can include a purification step of 

recrystallizing the Nz-phosphinyl guanidine metal salt complex. 

[00161] Generally, the evaporation of the solvent can be performed using any suitable method. 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 embodiments, the solvent can he evaporated at 

ambient temperature under reduced pressure. In yet other embodiments, the solvent can be evaporated 

with gentle heating under reduced pressure. 

Catalyst Systems 

[00162] In an aspect, the present disclosure relates to catalyst systems (or catalyst system 

compositions) comprising an N"-phosphinyl guanidine compound and a metal salt; alternatively, an N2-

phosphinyl guanidine metal salt complex. In an embodiment, the catalyst system (or catalyst system 

composition) can comprise, or consist essentially of, an IN^-phosphinyl guanidine metal salt complex and 

a metal alkyl compound; or alternatively, an N'-phosphinyl guanidine metal salt complex and an 
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aluminoxane. In another aspect, the catalyst system (or catalyst system composition) can comprise, or 

consist essentially of, an N2-phosphinyl guanidine compound, a metal salt, and a metal alkvl compound; 

or alternatively, an Nz-phosphinyl guanidine compound, a metal salt, and an aluminoxane. N2-phosphinyl 

guanidine metal salt complexes, metal salts, N^-phosphinyl guanidine compounds, metal alkyl 

compounds, and aluminoxanes which can he utilized in various aspects and/or embodiments of the 

catalyst systems (or catalyst system compositions) are independently described herein and can be utilized 

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

Metal Alkvl 

|00163] Generally, the metal alkyl compound which can be utilized in the catalyst system of this 

disclosure can be any heteroleptic or homoleptic metal alkyl compound. In an embodiment, the metal 

alkyl compound can comprise, consist essentially of, or consist of, a non-halide metal alkyl compound, a 

metal alkyl halide compound, or any combination thereof; alternatively a non-halide metal alkyl 

compound; or alternatively, a metal alkyl halide compound. 

[00164] In an embodiment, the metal of the metal alkyl compound can comprise, 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 halide compound) can be lithium, sodium, potassium, 

rubidium, cesium, beryllium, magnesium, calcium, strontium, barium, zinc, cadmium, boron, aluminum, 

or tin; alternatively, lithium, sodium, potassium, magnesium, calcium, zinc, boron, aluminum, or tin; 

alternatively, lithium, sodium, or potassium; alternatively magnesium, calcium; alternatively, lithium; 

alternatively, sodium; alternatively, potassium; alternatively, magnesium; alternatively, calcium; 

alternatively, zinc; alternatively, boron; alternatively, aluminum; or alternatively, tin. In some 

embodiments, the metal alkyl compound (non-halide metal alkyl compound or metal alkyl halide 

compound) can comprise, consist essentially of, or consist of, a lithium alkj'i compound, a sodium alkj'i 

compound, a magnesium alkyl compound, a boron alkyl compound, a zinc alkyl compound, or an 

aluminum alkyl compound. In some embodiments, the metal alkyl compound (non-halide metal alkyl 

compound or metal alkyl halide compound) can comprise, consist essentially of, or consist of, an 

aluminum alkyl compound. 

[00165] In an embodiment, the aluminum alkyl compound can be a trialkylaluminum compound, an 

alkylaluminum halide compound, an alkylaluminum alkoxide compound, an aluminoxane, or any 

combination thereof. In some embodiments, the aluminum alkyl compound can be a trialkylaluminum 

compound, an alkylaluminum halide compound, an aluminoxane, or any combination thereof; or 
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alternatively, a trialkylaluminum compound, an aluminoxane, or any combination thereof. In other 

embodiments, the aluminum alkyl compound can be a trialkylaluminum compound; alternatively, an 

alkylaluminum halide compound; alternatively, an alkylaluminum alkoxide compound; or alternatively, 

an aluminoxane. 

[00166J In a non-limiting embodiment, the aluminoxane can have a repeating unit depicted as Formula 

I: 

wherein R' is a linear or branched alkyl group. It should be noted that alkyl group, R", of the 

aluminoxane repeating unit having Formula I can be a mixture of different alkyl groups. Alkyl groups for 

metal alkyl compounds are independently described herein and can be utilized without limitation to 

further describe the aluminoxanes repeating unit having Formula L Generally, n of Formula I 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, each halide of any metal alkyl halide compound disclosed herein can 

independently be fluoride, chloride, bromide, or iodide; aiternativeiy, chloride, bromide, or iodide. In an 

embodiment, each halide of any metal alkyl halide compound disclosed herein can be fluoride; 
alternatively, chloride; alternatively, bromide; or alternatively, iodide. 

[00168] In an aspect, each alkyl group of any metal alkyl compound disclosed herein (non-halide metal 

alkyl compound, metal alkyl halide compound, and/or aluminoxane, among other described herein) 

independently can be a Ci to C2o alkyl group; alternatively, a Ci to Cio alkyl group; or alternatively, a Ci 

to C6 alkyl group. In an embodiment, each alkyl groitp 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 hexyl group, or an octyl group. In some 

embodiments, each alkyl group independently can be a methyl group, an ethyl group, an n-propyl group, 

an n-butyl group, an iso-butyl group, an n-hexyl group, or an n-octyl group; alternatively, a methyl group, 

an ethyl group, an n-butyl groitp, or an iso-butyl group; alternatively, a methyl group; alternatively, an 

ethyl group; alternatively, an n-propyl group; alternatively, an n-butyl group; alternatively, an iso-butyl 

group; alternatively, an n-hexyl group; or alternatively, an n-octyl group. 

Formula I 
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[00169] In an aspect, each alkoxide group of any metal alkyl alkoxide compound disclosed herein 

independently can be a C-. to C2o alkoxy group; alternatively, a C: to C:0 alkoxy group; or alternatively, a 

Ci to C6 alkoxy group. In an embodiment, each alkoxide group of any metal alkyl alkoxide compound 

disclosed herein independently can be a methoxy groitp, an ethoxy group, a propoxy group, a butoxy 

group, a pentoxy group, a hexoxy group, a heptoxy group, or an octoxy group; alternatively, a methoxy 

group, a ethoxy group, a butoxy group, a hexoxy group, or an octoxy group. In some embodiments, each 

alkoxide group of any metal alkyl alkoxide compound disclosed herein independently can be a methoxy 

group, an ethoxy group, an n-propoxy group, an n-butoxy group, an iso-bittoxy group, an n-hexoxy group, 

or an n-octoxy group; alternatively, a methoxy group, an ethoxy groitp, an n-butoxy group, or an iso-

butoxy group; alternatively, a methoxy group; alternatively, an ethoxy group; alternatively, an n-propoxy 

group; alternatively, an n-butoxy group; alternatively, an iso-butoxy group; aiternativeiy, an n-hexoxy 

group; or alternatively, an n-octoxy group. 

[00170] In a non-limiting embodiment, the metal alkyl compound can be, comprise, or consist 

essentially of, methyl lithium, n-butyl lithium, sec-butyl lithium, tert-butyl lithium, diethyl magnesium, 

di-n-butylmagnesium, ethylmagnesium chloride, n-butylmagnesium chloride, and diethyl zinc. 

[00171] In a non-limiting embodiment, the trialkylaluminum compound can be, comprise, or consist 

essentially of, trimethylaluminum, triethylaluminum, tripropylaluminum, tributylaluminum, 

trihexylaluminum, trioctylaluminum, or mixtures thereof. In some non-limiting embodiments, the 

trialkylaluminum compound can be, comprise, or consist essentially of, trimethylaluminum, 

triethylaluminum, tripropylaluminum, tri-n-butylahjminum, tri-isobutylaluminum, trihexylaluminum, tri -

n-octylaluminum, or mixtures thereof; alternatively, triethylaluminum, tri-n-butylaluminum, tri-

isobutylaluminum, trihexylaluminum, tri-n-octylaluminum, or mixtures thereof; alternatively, 

triethylaluminum, tri-n-butylaluminum, trihexylaluminum, tri -n-octylaluminum, or mixtures thereof. In 

other non-limiting embodiments, the trialkylaluminum compound can be, comprise, or consist essentially 

of, trimethylaluminum; alternatively, triethylaluminum; alternatively, tripropylaluminum; alternatively, 

tri-n-butylaluminum; alternatively, tri-isobutylaluminum; alternatively, trihexylaluminum; or 

alternatively, tri-n-octylaluminum. 

[00172] In a non-limiting embodiment, the alkylaluminum halide compound can be, comprise, or 

consist essentially of, diethylaluminum chloride, diethylaluminum bromide, ethylaluminum dichlori.de, 

ethylaluminum sesquichloride, and mixtures thereof. In some non-limiting embodiments, the 

alkylaluminum halide can be, comprise, or consist essentially of, diethylaluminum chloride, 

ethylaluminum diehloride, ethylaluminum sesquichloride, and mixtures thereof. In other non-limiting 
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embodiments, the alkylaluminum halides can be, comprise, or consist essentially of, diethylaluminum 

chloride; alternatively, diethylaluminum bromide; alternatively, ethylaluminum diehloride; or 

aiternativeiy, ethylaluminum sesquichloride. 

|00173] In a non-limiting embodiment, the aluminoxane can be, comprise, or consist essentially of, 

methylaluminoxane (MAO), ethyialuminoxane, modified methylaluminoxane (MMAO), 

n-propylaluminoxane, iso-propylaluminoxane, n-butylaluminoxane, sec-butylaluminoxane, 

iso-butylaluminoxaoe, t-butyl aluminoxane, 1-pentylaluminoxane, 2-pentylaluminoxane, 3-pentyl-

aluminoxane, iso-pentylaluminoxane, neopentylaluminoxane, or mixtures thereof; In some non-limiting 

embodiments, the aluminoxane can be, comprise, or consist essentially of, methylaluminoxane (MAO), 

modified methylaluminoxane (MMAO), isobutyl aluminoxane, t-butyl aluminoxane, or mixtures thereof. 

In other non-limiting embodiments, useful aluminoxanes can include methylaluminoxane (MAO); 

alternatively, ethyialuminoxane; alternatively, modified methylaluminoxane (MMAO); alternatively, 

n-propylaluminoxane; alternati vely, iso-propylaluminoxane; alternatively, n-butylaluminoxane; 

alternatively, sec-butylaluminoxane; alternatively, iso-butylaluminoxane; alternatively, t-butyl 

aluminoxane; alternatively, 1 -pentylaluminoxane; alternatively, 2-pentylaluminoxane; alternatively, 

3-pentylaluminoxane; alternatively, iso-pentylaluminoxane; or alternatively, neopentylaluminoxane. 

Catalyst System Component Ratios 

[00174] In an aspect, the metal alkyl and N2-phosphinyl guanidine metal salt complex can be 

combined in any ratio that can form an active catalyst system (or catalyst system composition). In an 

embodiment, the metal of the metal alkyl compound to the metal of the Nz-phosphinyl guanidine metal 

salt complex molar ratio can be greater than or equal to 5:1; alternatively, greater than or equal to 10:1; 
alternatively, greater than or equal to 25: 1; alternatively, greater than or equal to 50:1; 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 ratio 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 50:1 to 5,000:1; or alternatively, range from 100:1 to 2,500:1. When a metal alkyl compound 

having a specific metal and an N2-phosphinyl guanidine metal salt complex having a specific metal is 

utilized the metal of the metal alkyl compound to the metal of the Nz-phosphinyl guanidine metal salt 

complex molar ratio can be stated as a specific metal of the metal alkyl to specific metal of the N2-

phosphinyl guanidine metal salt complex molar ratio. For example, when the metal alkyl compound is an 

alkylaluminum compound (e.g., trialkylaluminum compound, alkylaluminum halide compound, 

alkylaluminum alkoxide compound, and/or aluminoxane) and the N^-phosphinyl guanidine metal salt 
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complex is an N": -phosphiiiyl guanidine chromium salt complex, the metal of the metal alky] compound to 

metal of the metal salt can be an aluminum to chromium molar ratio. In some non-limiting embodiments, 

the aluminum to chromium molar ratio can be greater than or equal to 5:1; alternatively, greater than or 

equal to 10:1; alternatively, greater than or equal to 25: 1; alternatively, greater than or equal to 50:1; 

aiternativeiy, greater than or equal to 100:1; alternatively, 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 50:1 to 

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

[00175] In another aspect, the metal alkvl, metal salt, and N2-phosphinyl guanidine compound can be 

combined in any ratio that forms an active catalyst system (or catalyst system composition). Generally 

the ratio of the components of the catalyst system (or catalyst system composition) comprising, consisting 

essentially of, or consisting of a metal alkyl, metal salt, and N"'-phosphinyi guanidine compound can be 

provided as i) a molar ratio of the metal of the metal alkyl compound to metal of the metal salt, ii) an 

equivalent ratio of the N^-phosphinyl guanidine compound to metal salt, or iii) 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 N2-

phosphinyl guanidine compound to metal salt. 

[00176] In an embodiment, the metal of the metal alkyl compound to the metal of the metal salt molar 

ratio can be greater than or equal to 5:1; alternatively, greater than or equal to 10:1; alternatively, greater 

than or equal to 25: 1; aiternativeiy, greater than or equal to 50:1; or alternatively, greater than or equal to 

100:1. In some embodiments, the metal of the metal alkyl compound to the metal of the metal salt molar 

ratio can range from 5:1 to 100,000:1; 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 is 

utilized the metal of the metal alkj'i compound to the metal of the metal salt molar ratio can be stated as a 

specific metal of the metal alkyl compound to specific metal of the metal salt molar ratio. For example, 

when the metal alkyl compound is an alkylaluminum compound (e.g., trialkylaluminum compound, 

alkylaluminum halide compound, alkylaluminum alkoxide compound, and/or aluminoxane) and the metal 

salt is a chromium 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-limiting embodiments, the aluminum to chromium 

molar ratio can be greater than or equal to 5:1; alternatively, greater than or equal to 10:1; 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 10:1 to 50,000:1; 

alternatively, range from 25:1 to 10,000:1; alternatively, range from 50:1 to 5,000:1; or alternatively, 

range from 100:1 to 2,500:1 
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[00177] In an embodiment, the N^-phosphinyl guanidine compound to metai salt equivalent ratio can 

be greater than or equal to 0,8:1; aiternativeiy, greater than or equal to 0.9:1; or aiternativeiy, greater than 

or equal to 0.95:1; or alternatively, greater than or equal to 0.98:1. In some embodiments, the N2-

phosphinyl guanidine compound to metal salt equivalent ratio can be range from 0.8:1 to 3:1; 

alternatively, range from 0.9:1 to 4:1; or alternatively, range from 0.95:1 to 3:1; or alternatively, range 

from 0.98:1 to 2.5:1. In other embodiments, the Nz-phosphinyl guanidine compound to metal salt 

equivalent: ratio can range from 0.9:1 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 alternatively, ranging from 0.99:1 to 1.10:1. In yet other embodiments, 

the N2-phosphinyl guanidine compound to metal salt equivalent ratio can be about 1:1. 

[00178] In an embodiment, the time between the isolation and/or purification of the N2-phosphinyl 

guanidine metal salt complex and the formation of the catalyst system may impact aspects of the 

oligomerization. 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 

catalytic activity and/or productivity of the catalyst system. In an embodiment increasing the time 

between the isolation and/or purification of the N2»phosphmyi guanidine metal salt complex and the 

formation of the catalyst system can increase the percentage of polymer produced by the catalyst system. 

Without being limited by theory, it is believed that these effects can result from the disassociation of (or 

alternatively, evaporation of) neutral ligand, Q, from the -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 N2-phosphinyl guanidine 

metal salt complex and the formation of the catalyst system can improve the oligomerization process or 

polymerization process. For instance, one can increase the activity and/or productivity of the catalyst 

system by increasing the time between the isolation and/or purification of the N^-phosphinyl guanidine 
metal salt complex and formation of the catalyst system. Increasing the activity and/or the productivity of 

the catalyst system can provide increased oligomer (or polymer) product per unit of catalyst system. 

[00180] However, it may not be possible to increase the time between 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 

guanidine metai 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 guanidine metal salt complex increases too much, polymer production can adversely 

impact the oligomerization process. For example, polymer could adhere to the oligomerization 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 increases in catalyst system activity and/or 

productivity against increased polymer production. 

|00181] In an embodiment, some of the effects of increasing the time between the isolation and/or 

purification of the N2-phosphmyl guanidine metai salt complex and the formation of the catalyst system 

can be reversed by adding neutral ligand to the N"'»phosphinyi guanidine metal salt complex. The ability 

to reverse some of the effects of increasing the time between the isolation and/or purification of the Nz-

phosphinyl guanidine metal salt complex and the formation of the catalyst system can negate potentially 

negative effects. Non-limiting examples of negative effects of 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 include 1) prohibiting the ability to use an N2-phosphinyl guanidine metal salt complex by 

increasing the time between the isolation and/or purification of the N2-phosphinyl 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 

N2-phosphinyl guanidine metal salt complex and the preparation of the catalyst system utilizing the Nz-

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 in an oligomerization. Consequently, 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 implemented that can limit the loss of neutral ligand loss from 

the N2-phosphinyl guanidine metal salt complex as a method to control the effects associated with the 

neutral ligand loss from the N2-phosphinyl guanidine metal salt complex. For example, the N2-

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 limit loss of neutral ligand from the N2-phosphinyl guanidine 

metal salt complex. 

[00182] However, without being limited by theory, it is believed that too much neutral ligand 

associated with the Nz-phosphinyl guanidine metal salt complex can significantly reduce or eliminate the 

catalyst system productivity. Consequently, in some embodiments, precautions can be taken to control 

the amount of neutral ligand provided to the N2-phosphinyl guanidine metal salt complex. Generally, 

addition of the neutral ligand to the Nz-phosphinyl guanidine metal salt complex can be accomplished by 

any suitable method. For example, the N2-phosphinyl guanidine metal salt complex can be recrystallized 

from a solution containing a neutral ligand or the Nz-phosphinyl guanidine metal salt complex can be 

placed in a solvent containing a neutral ligand. Excess neutral ligand can be removed from the N~-

phosphinyl guanidine metal salt complex by allowing the solvent to evaporate or by increasing the time 
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between the treatment of the N2»phosphinyi guanidine metai salt complex with the neutral ligand and the 

formation of the catalyst system. 

[00183] In an aspect, the isolated and/or purified N2-phosphinyl guanidine metal salt complex can be 

utilized in catalyst system for an oligomerization (or polymerization) process. Consequently, in an 

aspect, any process of producing a catalyst system disclosed herein or any oligomerization (or 

polymerization) process can furtiier comprise a step of aging the N2-phosphinyl guanidine metal salt 

complex. 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 the N^-phosphinyl 

guanidine metal salt complex with a neutral ligand; or alternatively, 1) treating the N2-phosphinyl 

guanidine metal salt complex with a neutral ligand and 2) allowing the treated N2-phosphinyl 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 N2-

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 

guanidine metal salt complex to age. 

[00184] In an aspect, the activity of any oligomerization (or polymerization) process described herein 

(using any catalyst system described herein comprising any Nz-phosphinyl guanidine metal salt complex 

described herein) can be controlled 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 N2~phosphinyi guanidine metal salt complex 

described herein) can be controlled by treating the N2-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 N2-phosphinyl guanidine metal salt complex to age. In an aspect, the 

activity of any oligomerization (or polymerization) process described herein (using any catalyst system 

described herein comprising any N2-phosphinyI 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, I) treating the N^-phosphinyl guanidine metal salt complex with a neutral ligand and 2) 

allowing the treated N'-phosphinyi guanidine metal salt complex to age, 

[00185] The catalytic activity of any catalyst system described herein comprising any N2~phosphinyi 

guanidine metal salt complex described herein in an oligomerization (or polymerization) process can be 

defined as the grams of olefin oligomer (or polymer) product (or liquid olefin oligomer/polymer product, 

or any other defined portion of the oligomerization/polymerization product) produced per gram of metal 
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of the metal salt in the N":-phosphinyl guanidine metai salt complex utilized. In an embodiment, the 

catalyst system acti vity of any catalyst system described herein comprising any Nz-phosphinyl guanidine 

metal salt complex described herein can be increased by utilizing an aged N^-phosphinyl guanidine metal 

salt complex. This activity increase can be described as a percentage increase in the catalyst system 

activity and can be related to the activity of the catalyst system prepared using a fresh N'-phosphinyl 

guanidine metal salt complex, a0. Generally, a fresh N2-phosphinyl guanidine metal salt complex is one 

which lias been utilized to prepare a catalyst system within 7 days of its isolation and/or purification. It 

should be noted, a fresh N2-phosphinyl guanidine metal salt complex does not contain excess neutral 

ligand which can give an inactive catalyst system (i.e. 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 

denoted ax. 

[00186| In an embodiment, the Nz-phosphinyl guanidine metal salt complex can be aged for a 

maximum of 730 days; alternatively, 550 days; alternatively, 450 days; alternatively, 365 days; 

alternatively, 330 days; alternatively, 300 days; aiternativeiy, 2.70 days; alternatively, 240 days; 

alternatively, 210 days; or alternatively, 180 days. In some embodiments, the N2-phosphinyl guanidine 

metal salt complex can be aged for a minimum of 1 day; alternatively, 3 days; alternatively, 7 days; 

alternatively, 14 days; alternatively, 28 days. In other embodiments, the N2-phosphinyl guanidine metal 

salt complex can be aged from any minimum aging time provided herein to any maximum aging time 

provided herein. In a non -limiting embodiment, the N2-phosphinyl guanidine metal salt complex can be 

aged can be aged from 1 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 disclosure, 

[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 N2-

phosphinyl guanidine metal salt complex described herein by a minimum of 10 %; alternatively, by at 

least 20 %; alternatively, by at least 30 %; alternatively, by at least 40 %; or alternatively, by at least 

50 %, In other embodiments, aging the N2-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 maximum of 1500%; alternatively, 

1000 %; alternatively, 750 %; alternatively, 600 %; or alternatively, 500 % In some embodiments, aging 

the N2-phosphinyl guanidine metal salt complex (for any time period described herein) can increase the 

activity of any catalyst system described herein utilizing any N2-phosphinyl guanidine metal salt complex 
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described herein from any minimum value described herein to any maximum value described herein. In a 

non-limiting example, aging the M2-phosphinyl guanidine metal salt complex (for any time period 

described herein) can increase the activity of any catalyst system described herein utilizing any Nz-

phosphinyl guanidine metal salt complex described herein from 10 % to 1500 %; alternatively, from 20 % 
to 1000 %; alternatively, from 30 % to 750 %; alternatively, from 40 % to 600 %; or alternatively, from 

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

[00188] In an embodiment, aging the N"-phosphinyl guanidine metal salt complex (for any time period 

described herein) for any catalyst system described herein utilizing any N2-phosphinyl guanidine metal 

salt complex described herein can provide an oligomerization catalyst system which can produce any 

defined percentage of polymer described herein. In an embodiment, aging the N2-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 system which can produce less than 5 weight percent (wt.%) polymer; 

alternatively, equal to or less than 2 wt.% 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 

wt.% 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). 

[00189| 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 any amount of polymer described herein. The oligomerization catalyst system described 

herein utilizing an aged Nz-phosphinyl guanidine metal salt complex can further be described utilizing, 

individually or in any combination, any other oligomerization catalyst system feature or oligomerization 

product feature described herein. 

[00190] In an embodiment, a calibration curve can be produced depicting catalytic activity and or 

polymer product of any catalyst system described herein comprising any N"'-phosphinyi guanidine metal 

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 Nz-phosphinyl guanidine metal salt complex age in order to derive a predictive 
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equation. The calibration curve or predictive equation relating catalyst system activity and/or polymer 

production in response to M2-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 is contemplated that in some aspects, the extent to which ax increases 

with respect to a0 can fall outside the instantly disclosed ranges and can be larger than would be expected 

based on the presently disclosed values depending on the conditions under which the IvP'-phosphinyl 

guanidine 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 elevated temperature and/or reduced pressure. The effects of aging the N^-phosphinyl 

guanidine metal salt complex under such conditions can be subject to the herein mentioned analysis to 

provide predictive information that can lead one to conditions under which aging the Nz-phosphinyl 

guanidine metal salt complex can increase catalyst system activity using an aged N2-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 N2-phosphinyl 

guanidine metal salt complexes to a desired value or range. Such modifications fall within the scope of 

this disclosure. 

(00191 j In an embodiment, contacting of the N2-phosphinyl guanidine metal salt complex (aged or 

otherwise) with a neutral ligand can be carried out using any suitable molar ratio of neutral ligand to N2-

phosphinyl guanidine metal salt. In an embodiment, the molar ratio of neutral ligand to IsP'-phosphinyl 

guanidine metal salt complex can be at least 0.2:1; alternatively, at least 0.3:1; alternatively, at least 0.4:1; 

or alternatively, at least 0.5:1. In an embodiment, the molar ratio of neutral ligand to N2-phosphinyl 

guanidine metal salt complex can be from 0.2:1 to 10,000:1; alternatively, 0.3:1 to 8,000:1; alternatively, 

from 0.4:1 to 6,000:1; or alternatively, from 0.5:1 to 5,000:1. In an embodiment, the contact of the N2-

phosphinyl guanidine 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 N2-phosphinyl guanidine metal salt complex is contacted with a solvent consisting 

essentially of the neutral ligand, the molar ratio of neutral ligand to N2-phosphinyl guanidine metal salt 

can be any molar ratio of neutral ligand to N2-phosphinyl guanidine metal salt: disclosed herein. In other 

embodiments wherein the Nz-phosphinyl guanidine metal salt complex is contacted with a solvent 

consisting essentially of the neutral ligand, the molar ratio of neutral ligand to N2-phosphinyl 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 10:1; alternatively, at least 10:1; alternatively, at 

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

8,000:1; alternatively, range from 10:1 to 6,000:1; or alternatively, range from 15:1 to 5,000:1. 

|00193] When the N2-phosphinyl guanidine metal salt complex is contacted with a solvent comprising, 

or consisting essentially of, the neutral ligand and a non-complexing solvent, the molar ratio of neutral 

ligand to N2-phosphinyl guanidine metal salt can be any molar ratio of neutral ligand to N2-phosphinyl 

guanidine metal salt disclosed herein. In other embodiments wherein the jNr-phosphinyl guanidine metal 

salt complex is 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 

less than or equal to 500:1; less than or equal to 300:1; less than or equal to 2.00:1; aiternativeiy, less than 
or equal to 100:1; alternatively range from 0.2:1 to 500:1; aiternativeiy, range from 0.3:1 to 300:1; 

alternatively, range from 0.4:1 to 200:1; or alternatively, from 0,5:1 to 100:1, In some embodiments, 

wherein 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 

ligand to non-complexing solvent can range from 1:1 to 10,000:1; alternatively, range from 5:1 to 

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

[00194] In an embodiment, the neutral ligand can be any neutral ligand disclosed herein. In some 

embodiments, the neutral ligand utilized to treat the N2-phosphinyl guanidine metal salt complex can be 

the same as the neutral ligand of the N2-phosphmyl guanidine metal salt complex; or alternatively, the 

neutral ligand utilized to treat the N"''-phosphinyi guanidine metal salt complex can be different from the 

neutral ligand of the M2-phosphinyl guanidine metal salt complex. In an embodiment, the non-

complexing solvent utilized in an embodiment comprising, or consisting essentially of, a neutral ligand 

and a non-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] In an embodiment, the N2-phosphinyl guanidine metal salt complex can be aged (whether or 

not it has been treated with a neutral ligand) utilizing any suitable methodology. In some embodiments, 

the N2-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 

ambient temperature under an inert atmosphere. In other embodiments, the N2-phosphinyl guanidine 
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metai salt complex can be aged (whether or not it has been treated with a neutral ligand) with gentle 

heating (e.g., at a temperature 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. 

[00196J In an embodiment, the aged N2-phosphinyl guanidine metal salt complex, the neutral ligand 

treated N2-phosphinyl guanidine metal salt complex, or the neutral ligand treated and aged N2-phosphinyl 

guanidine metal salt complex can be utilized in a catalyst system, utilized 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 N2-phosphinyl guanidine metal salt 

complex with a neutral ligand, and/or treating the N2-phosphinyl guanidine metal salt complex with a 

neutral ligand and aging the neutral ligand treated the N2-phosphinyl guanidine metal salt complex can be 

utilized, without limitation, to further describe the catalyst system, the process of preparing the catalyst 

system, and/or the oligomerization (or polymerization) process. 

[00197J In an aspect, the step(s) for preparing the N"-phosphinyl guanidine compound can be 

incorporated into the preparation of the IsP'-phosphinyl guanidine metal salt complex, process of preparing 

the catalyst system, and/or an oligomerization (or polymerization) process. When the steps are combined, 

appropriate step identifiers (e.g., 1), 2), etc .... a), b), etc . . . , or i), ii), etc . . . ) and compound/solvent 

identifiers (e.g., first, second, etc . . .) can be added to indicate individual 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. 

[00198] In an aspect, the present disclosure relates to an oligomerization process; or alternatively, a 

polymerization process. In an embodiment, the oligomerization process can comprise: a) contacting an 

olefin and a catalyst system (or catalyst system composition); and b) forming an oligomer product. In 

some embodiments, the oligomerization process can comprise, a) contacting an olefin, hydrogen, and a 

catalyst system (or catalyst system composition); and b) forming an oligomer product. In an embodiment, 

the polymerization process can comprise: a) contacting an olefin and a catalyst system (or catalyst system 
composition); and b) 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 utilized, without 

limitation to further describe the oligomerization process or polymerization process. In an embodiment, 
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the catalyst system can he prepared in a first solvent, 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. 

[00199] 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 mixture with an olefin; and c) forming an oligomer product. In an 

embodiment, the polymerization process can comprise: a) forming a catalyst system mixture comprising 

an N2-phosphinyl guanidine metal salt complex and a metal alkyl compound; b) contacting the catalyst 

system mixture with an olefin; and c) forming polymer product, in some embodiments, the step of 

contacting the catalyst system mixture with the olefin can be a step of contacting the catalyst system 

mixture with an olefin and hydrogen. In some embodiments, the catalyst system mixture can further 

comprise a solvent (e.g., a first solvent). In some embodiments, the catalyst system mixture and olefin 

can be contacted in 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 catalyst system mixture 

comprising, or consisting essentially of, an N^-phosphinyl guanidine 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 c) forming an oligomer product. In an embodiment, the polymerization process can 

comprise: a) forming a catalyst system mixture comprising, or consisting essentially of, an !N2-phosphinyl 

guanidine 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 c) forming polymer product. In some 

embodiments, the step of contacting the catalyst system mixture with the olefin and the second solvent 

can be a step of contacting the catalyst system mixture with an olefin, a second solvent, and hydrogen. 

The N' -pliosphiiiyl guanidine metal salt complex, 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 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 N2-phosphinyl guanidine metal salt complex to the metal of the metal alkyl 

compound are independently provided herein (among other catalyst system and oligomerization or 



WO 2013/184579 PCT/US2013/043902 

109 

polymerization features) and can be utilized without limitation to further describe the oligomerization 

process or polymerization process. 

[00200] In an embodiment, the oligomerization process can comprise: a) forming a composition 

comprising an N2-phosphinyl guanidine metal salt complex; b) forming a mixture comprising an olefin 

and a metal alkyl compound; c) contacting the composition of step a) and the mixture of step b); and d) 

forming an oligomer product. In an embodiment, the polymerization process can comprise: a) forming a 

composition comprising a the Nz-phosphinyl guanidine metal salt complex; b) forming a mixture 

comprising an olefin and a metal alkyl compound; c) 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 embodiments the 

composition comprising the Nz-phosphinyl guanidine metal salt complex can further comprise 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 (e.g., a second solvent). In an embodiment, the 

oligomerization process can comprise: a) forming a composition comprising, or consisting essentially of, 

an N2»phosphmyi guanidine metal salt complex and a first solvent; b) forming a mixture comprising an 

olefin, a metal alkvl compound, hydrogen, and a second solvent; c) contacting the composition of step a) 

and the mixture of 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, a the 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; c) 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 N2-phosphinyl 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 N2-phosphinyl 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 independently described herein and can be utilized, without limitation to 

further describe the oligomerization process or polymerization process. In some embodiments, the metal 

alkyl compound can be, comprise, or consist essentially of an aluminoxane. Ratios for the metal of the 

Nz-phosphinyl guanidine metai salt complex to the metal of the metal alkyl compound are independently 

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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[00201] In an embodiment, the oligomerization process can comprise: a) forming a catalyst system 

mixture comprising an Nz-phosphinyl guanidine compound, a metal salt, and a metal alkj'i compound; b) 

contacting the catalyst system mixture with an olefin; and c) forming an oligomer product. In an 

embodiment, the polymerization process can comprise: a) forming a catalyst system mixture comprising 

an N2-phosphinyl guanidine compound, a metal salt, and a metal alkyl compound; b) contacting the 

catalyst system mixture with an olefin; and c) forming a polymer product. In some embodiments, the step 

of contacting the catalyst system mixture with the olefin can be a step of contacting the catalyst system 

mixture with an olefin and hydrogen. In some embodiments, the catalyst system mixture can further 
comprise a solvent (e.g., a first solvent). In some embodiments, the catalyst system mixture and olefin 

can be contacted in 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 catalyst system mixture 

comprising, or consisting essentially of, an Nz-phosphinj'l guanidine compound, a metal salt, a metal 

alkyl compound, and a first solvent; b) contacting the catalyst system mixture with an olefin and a second 

solvent; and c) forming an oligomer product. In an embodiment, the polymerization process can 

comprise: a) forming a catalyst system mixture compri sing, or consisting essentially of an T^-phosptainyl 

guanidine compound, a metal salt, a metal alkj'i compound, and a first solvent; b) contacting the catalyst 

system mixture with an olefin and a second solvent; and c) forming a polymer product. In some 

embodiments, the step of contacting the catalyst mixture with the olefin and the second solvent can be a 

step of contacting the catalyst system mixture with an olefin, a second solvent, and hydrogen. In some 

embodiments, the first and second solvent can be the same; or aiternativeiy, 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 limitation to further describe 

the oligomerization process or polymerization process. In some embodiments, the first and second 
solvent can be the same; or aiternativeiy, the first and second solvent can be different. In some 

embodiments, the metal alkylcompound 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 system 

and oligomerization or polymerization features) and can be utilized, without limitation to further describe 

the oligomerization process or polymerization process. Ratios for the N2-phosphinyl guanidine 

compound to metal salt and ratios for the metal of the metal alkyl compound to metal of the metal salt are 

independently provided herein (among other catalyst system and oligomerization process or 
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polymerization process features) and can be utilized without limitation to further describe the 

oligomerization process or polymerization process. 

[00202] In an embodiment, the oligomerization process can comprise: a) forming a composition 

comprising an N2-phosphinyl guanidine compound and a metal salt; b) forming a mixture comprising an 

olefin and a metal alkyl compound; c) 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 mixture comprising an N2-phosphinyl guanidine compound and a metal salt; 

b) forming a mixture comprising an olefin and a metal alkyl compound; c) contacting the composition 

formed in step a) and the mixture formed in step b); and d) forming a polymer product. In some 

embodiments, the mixture comprising an olefin and a metal alkyl compound can further comprise 

hydrogen. In some embodiments, the composition of step a) can further comprise a solvent (e.g., a first 

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, or consisting essentially of, an N'-phosphinyl 

guanidine compound, a metal salt, and a first solvent; b) forming a mixture comprising an olefin, a metai 

alkyl compound, and a second solvent; c) 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) fonxsing a mixture comprising an olefin, a metai 

alkyl compound, and a second solvent; c) 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 N2-phosphinyl 

guanidine compound, metal salt, metal alkyl compound, olefin, solvents, and features of the oligomer 

product or polymer product (among other catalyst system and oligomerization or polymerization features) 

are independently described herein and can be utilized, without limitation to further describe the 

oligomerization process or polymerization process. In some embodiments, the metal alkyl compound can 

be, comprise, or consist essentially of, an aluminoxane. Ratios for the N2-phosphinyl guanidine 

compound to metal salt and ratios for the metal of the metal alkyl compound to metal of the metai salt are 

independently 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. 

[00203] In an embodiment, a solvent utilized with the catalyst system, a mixture comprising an N~-

phosphinyl guanidine metai salt complex, a mixture comprising an N2-phosphinyl guanidine metai salt 
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complex and a metal alkyl compound, a composition comprising an N'-phosphinyl guanidine compound 

and a metal salt, or a composition comprising an N2-phosphinyl guanidine compound, a metal salt, and a 

metal alkyl compound can be a 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 utilized with a mixture comprising an N^-phosphinyl guanidine 

metal salt complex, a mixture comprising an N2-phosphinyl 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 

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 aromatic hydrocarbon solvent, a halogenated aromatic 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 hydrocarbon solvents, halogenated hydrocarbon solvents, aliphatic hydrocarbon 

solvents, halogenated aliphatic hydrocarbon solvents, aromatic hydrocarbon solvents, and halogenated 

aromatic solvents are described herein and can be utilized without limitation to further describe the 

oligomerization process(es) or polymerization process(es) described herein. 

[00204] In an embodiment, a solvent utilized in any mixture including the olefin or utilized 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 utilized in any mixture including the olefin or 

utilized 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 aromatic hydrocarbon 

solvent, a halogenated aromatic 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 

hydrocarbon solvents, halogenated hydrocarbon solvents, aliphatic hydrocarbon solvents, halogenated 

aliphatic hydrocarbon solvents, aromatic hydrocarbon solvents, and halogenated aromatic solvents are 

described herein and can be utilized without limitation to further describe the oligomerization process or 

polymerization process described herein. 
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[00205] In some embodiments, the solvent utilized with the catalyst system, a mixture comprising an 

N2-pbosphinyl guanidine metal salt complex, a mixture comprising an N'-phosphinyi guanidine metal salt 

complex and a metal alkyl, a composition comprising an NP-phosphinyl guanidine compound and a metal 

salt, or a composition comprising an N2-phosphinyl guanidine compound, a metal salt, and a metal alkyl 

and the solvent utilized in any mixture including the olefin or utilized to form the oligomer product or 

polymer product can he the same; or alternatively can be different. In an embodiment, the solvent utilized 

with the catalyst system, a mixture comprising an N2-phosphinyl guanidine metal salt complex, a mixture 

comprising an IST-phosphinyl guanidine metal salt complex and a metal alkyl, a composition comprising 

an N^-phosphinyl guanidine compound and a metal salt, or a composition comprising an N2-phosphinyl 

guanidine compound, a metal salt, and a metal alkyl and the solvent utilized in any mixture including the 

olefin or utilized to form the oligomer product or polymer product has a boiling point which allows for its 

easy separation (e.g., by distillation) from the oligomer product or polymer product. 

[00206] Generally, the olefin which can be oligomerized or polymerized can comprise, or consist 

essentially of, a C2 to C30 olefin; alternatively, a C2 to Ci6 olefin; or alternatively, a C2 to Cio olefin. In an 

embodiment, the olefin can be an alpha olefin; alternatively, a linear alpha olefin; or aiternativeiy 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 oligomerization process can be an ethylene oligomerization process or 

an ethylene polymerization process. 

[00207] In an aspect, the oligomerization process can be a trimerization process; alternatively, a 

tetramerization process; or alternatively, a trimerization and tetramerization process. When the olefin is 

ethylene, the oligomerization process can be an ethylene trimerization process; alternatively, an ethylene 

tetramerization process; or alternatively, an ethylene trimerization and tetramerization process. When the 

process is an ethylene trimerization process, the oligomer product can comprise hexene; or alternatively, 

can comprise 1 -hexene. When the process is an ethylene tetramerization process, the oligomer product 

can comprise octene; or alternatively, can comprise 1-octene. When the process is an ethylene 

trimerization and tetramerization process, the oligomer product can comprise hexene and octene; or can 

comprise 1 -hexene and 1 -octene, 

[00208] Unless otherwise specified, the terms contacted, combined, and "in the presence of refer to 

any addition sequence, order, or concentration for contacting or combining two or more components of 

the oligomerization process. Combining or contacting of oligomerization components, according to the 

various methods described herein can occur in one or more contact zones under suitable contact 
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conditions such as temperature, pressure, contact time, flow rates, etc. . . . The contact zone can be 

disposed in a vessel (e.g., a storage tank, tote, container, mixing vessel, reactor, etc.), a length of pipe 

(e.g., a tee, inlet, 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 earned out in 

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

[00209] In an embodiment, the oligomerization process or polymerization process can be a continuous 

process carried out in one or more reactors. In some embodiments, the continuous oligomerization 

reactor or polymerization reactor can comprise a loop reactor, a tubular reactor, a continuous stirred tank 

reactor (CSTR), or combinations thereof. In other embodiments, the continuous oligomerization reactor 

or polymerization reactor can be a loop reactor; alternatively, a tubular reactor; or alternatively, a 

continuous stirred tank reactor (CSTR). In other embodiments, the continuous oligomerization reactor or 

polymerization reactor can be employed in the form of different types of continuous reactors in 

combination, and in various arrangements. 

[00210] In an embodiment, the oligomer product or polymer product can be formed under suitable 

oligomerization reaction conditions or polymerization reaction conditions such as temperature, pressure, 

and/or time. Temperatures, reaction pressures, and/or reaction times for forming the oligomer product or 

polymer product can be impacted by a number of factors such as the metal salt complex stability, metal 

salt complex activity, cocatalyst identity, cocatalyst activity, desired product distribution, and/or desired 

product purity, among other factors. 

[00211] Generally, the oligomer product or polymer product can be formed using any N2-phosphinyl 

guanidine compound, metal salt, or Nz-phosphinyl guanidine metal salt complex concentration that can 

form the desired oligomer product or polymer product (alternatively, oligomer or polymer). In an 

embodiment, the concentration of the N^-phospbinyl guanidine compound, metal salt, or N^-phosphinyl 

guanidine metal salt complex can be at least 1 x 10~e equivalents/liter; alternatively, at least 1 x 10"'' 

equivalents/liter; or alternatively, at least 5 x 10 " equivalents/liter. In other embodiments, the 

concentration of the N2-phosphinyl guanidine metal salt complex can range from 1 x 10 ° equivalents/liter 

to 1 equivalents/liter; alternatively, range from 1 x 10"5 equivalents/liter to 5 x 10"' equivalents/liter; or 

alternatively, range from 5 x 10"4 equivalents/liter to 1 x 10"' equivalents/liter. 

[00212] 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 is 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 0 psig (0 KPa); 

alternatively, greater than or equal to 50 psig (344 KPa); alternatively, greater than or equal to 100 psig 

(689 KPa); or alternatively, 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); aiternativeiy, 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, 350 psig (1.0 MPa) to 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 oligomerization or polymerization produces an 

ethylene oligomer product or polyethylene, the pressure can be the ethylene pressure. In some 

embodiments, the ethylene pressure can be greater than or equal to 0 psig (0 KPa); alternatively, greater 

than or equal to 50 psig (344 KPa); alternatively, greater than or equal to 100 psig (689 KPa); or 

alternatively, greater than or equal to 150 psig (1.0 MPa). In other embodiments, the ethylene pressure 

can range 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 aiternativeiy, 150 psig (1.0 

MPa) to 2,000 psig (13,8 MPa). In some eases when ethylene is the monomer, inert gases (and/or other 

gases; e.g., hydrogen) can form a portion of the total pressure. In the cases where inert gases (and/or 

other gases; e.g., hydrogen) form a portion of the pressure, the pre viously stated ethylene pressures can be 

the applicable ethylene partial pressures at which the oligomer product or the polymer product can be 

formed. In the situation where the monomer provides ail or a portion of the oligomerization pressure or 

polymerization pressure, the reaction system pressure can decrease as the gaseous monomer is consumed. 

In this situation, additional gaseous monomer and/or inert gas can be added to maintain a desired 

pressure. In some embodiments, additional gaseous monomer can be added at a set rate (e.g., for a 

continuous flow reactor), or at different rates (e.g., to maintain a pressure in a batch reactor). In other 

embodiments, the oligomerization pressure or polymerization pressure can be allowed to decrease without 

adding any additional gaseous monomer and/or inert gas. 

[00213] In embodiments wherein hydrogen is utilized, 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); alternatively, 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). In other 

embodiments, the hydrogen partial pressure can range from 1 psig (6.9 kPa) to 500 psig (3.5 MPa); 

alternatively, 5 psig (34 kPa) to 400 psig (2.8 MPa); alternatively, 10 psig (69 kPa) to 300 psig (2.1 MPa); 

or aiternativeiy, 15 psig (100 kPa) to 200 psig (1.4 MPa). 
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[00214] In an embodiment, a condition to form an oligomer product or polymer product can include a 

temperature at which the oligomer product or polymer 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 fonned can be at least 0 °C; alternatively, at least 10 °C; alternatively, at least 20 °C; 

alternatively, at least 30 °C; alternatively, at least 40 °C; alternatively, at least 50 °C; alternatively, at least 

50 °C; alternatively,, at least 70 °C; alternatively, at least 80 °C: or alternatively, at least 90 °C. In some 

embodiments, the maximum oligomerization temperature or polymerization temperature at which the 
oligomer product or polymer product is formed can be 200 °C; alternatively, 180 °C; alternatively, 160 
CC; alternatively, 140 CC; alternatively, 120 CC; alternatively, 100 °C; alternatively, 90 °C; or 

aiternativeiy, 80 °C. In some embodiments, the oligomerization temperature (or polymerization 

temperature) at which the oligomer product or polymer product is formed can range from any minimum 

temperature described herein to any maximum 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 0 °C to 200 °C; alternatively, range from 10 °C to 160 °C; 

aiternativeiy, range from 20 °C to 140 °C; alternatively, range from 30 °C to 120 °C; aiternativeiy, 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 product can be fonned are 

readily apparent from the present disclosure. 

[00215] 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 product or polymer product is fonned can be any time that can proditce the desired quantity of 

oligomer product or polymer product; or alternatively, provide a desired catalyst system productivity; or 

aiternativeiy, provide a desired conversion of monomer. In some embodiments, the time at which the 
oligomer product or polymer product is formed can range from 1 minute to 5 hours; alternatively, ranges 

from 5 minutes to 2.5 hours; alternatively, ranges from 10 minutes to 2 hours; or alternatively, ranges 

from 15 minutes 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 is ethylene, the olefin conversion can be the ethylene conversion. 

[00216] In an embodiment, 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 liquid (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 embodiments, the 

oligomerization 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 (e.g., hexene; or alternatively, 1 -hexene), an ethylene tetramer (e.g., octene; or alternatively, 1-

octene), or a combination thereof; alternatively, hexene; alternatively, octene; aiternativeiy, hexene and 

octene. in other embodiments, the ethylene oligomerization can produce an olefin product comprising 1-

hexene, 1-octene, or a combination thereof; alternatively, 1-hexene; alternatively, 1-octene; alternatively 

1-hexene and 1-octene. In an embodiment, when the olefin is ethylene and the oligomerization process 

produces an alpha olefin (e.g., 1-hexene, 1-octene, or a combination thereof) the olefin oligomerization 

process can be an alpha olefin production process. 

[00217] In an embodiment, the ethylene oligomerization process can produce an oligomer product 

comprising a liquid oligomer product comprising at least 60 wt. % C6 and Cg olefins. In some 

embodiments, the olefin product comprises a liquid oligomer product comprising at least 70 wt. % C6 and 

Cg olefins; alternatively, at least 75 wt. % C6 and Cg olefins; alternatively, at least 80 wt. % C6 and C8 

olefins; alternatively, at least 85 wt. % C6 and Cg olefins; or aiternativeiy, at least 90 wt. % C6 and Cg 

olefins. In other embodiments, the ethylene oligomerization process can produce an liquid oligomer 

product comprising a liquid product having from 60 to 99.9 wt. % of C6 and Cg olefins; alternatively, 

from 70 to 99.8 wt. % C6 and Cg olefins; alternatively, from 75 to 99.7 wt. % C6 and Cg olefins; or 

alternatively, from 80 to 99.6 wt. % C6 and Cg olefins. Throughout this application, a liquid oligomer 

product refers to the oligomer product having from 4 to 18 carbon atoms. 

[00218] In an embodiment, the C6 oligomer product produced by the ethylene oligomerization process 

can comprise at least 85 wt. % 1-hexene. In some embodiments, the C6 oligomer product produced by the 

ethylene oligomerization process can comprise at least 87.5 wt. % 1-hexene; alternatively, at least 90 wt 

% 1-hexene; alternatively, at least 92,5 wt. % 1 -hexene; alternatively, at least 95 wt. percent 3-hexene; 

alternatively, at least 97 weight percent 1-hexene; or alternatively at least 98 weight percent 1-hexene. In 

other embodiments, the C6 oligomer product produced by the ethylene oligomerization process can 

comprise from 85 to 99.9 wt % 1-hexene; alternatively, from 87.5 to 99.9 wt % 1-hexene; alternatively, 

from 90 to 99.9 wt % 1-hexene; alternatively, from 92.5 to 99,9 wt % i-hexene; alternatively, from 95 to 

99.9 wt. % 1-hexene; aiternativeiy, from 97 to 99.9 wt. % 1-hexene; or alternatively, from 98 to 99.9 wt. 

% 1-hexene. 

[00219] In an embodiment, the Cg oligomer product produced by the ethylene oligomerization process 

can comprise at least 85 wt. % I -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 least 90 wt % 

1-octene; alternatively, at least 92.5 wt. % 1-octene; alternatively, at least 95 wt. percent 1-octene; 

alternatively, at least 97 weight percent 1-octene; or alternatively at least 98 weight percent 1-octene. In 

other embodiments, the Cg oligomer product produced by the ethylene oligomerization process can 

comprise from 85 to 99.9 wt % I-octene; alternatively, from 87.5 to 99.9 wt % 1-octene; alternatively, 

from 90 to 99.9 wt % 1-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 98 to 99.9 wt. % 

1-octene. 

|00220] In some aspects and/or embodiments, aging the catalyst system (or catalyst system 

composition) before contacting the catalyst system (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 productivity of 

the catalyst system. In other embodiments, aging the catalyst system can decrease the amount of polymer 

produced in an oligomerization process. In some oligomerization process aspects and/or embodiments, 

aging the catalyst system can increase the productivity of the catalyst system; alternatively, can decrease 

the amount of polymer produced in an oligomerization process; or alternatively, can increase the 

productivity of the catalyst system and decrease the amount of polymer produced in the oligomerization. 

In regards to aging the catalyst system (or catalyst system composition) in the substantial absence of an 

olefin, this can be taken to mean that the catalyst system (or catalyst system composition) can contain less 

than 1,000 ppm olefin, by weight. In some embodiments, the catalyst system (or catalyst system 

composition) can contain less than 500 ppm, by weight, olefin; alternatively, 250 ppm, by weight, olefin; 

alternatively, 100 ppm, by weight, olefin; alternatively, 75 ppm, by weight, olefin; alternatively, 50 ppm, 
by weight, olefin; alternatively, 25 ppm, by weight, olefin; alternatively, 15 ppm, by weight, olefin; 

alternatively, 10 ppm, by weight, olefin; alternatively, 5 ppm, by weight, olefin; alternatively, 2.5 ppm, by 

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

[00221] The catalyst system aging impacts can be utilized to provide positive benefits to an 

oligomerization process and/or polymerization process. For example, increasing the activity and/or the 

productivity of the catalyst system can provide increased oligomer product (or polymer product) per unit 

of catalyst system. Additionally, in oligomerization processes, the decrease in polymer produced in an 

oligomerization upon aging the catalyst system can reduce polymer which could adhere to the 

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

cause fouling, 

[00222] In any aspect or embodiment wherein an Nz-phosphinyl guanidine compound, a metal salt, 

and a metal alkyl are contacted prior to contacting the olefin, the mixture comprising the N2-phosphinyl 

guanidine compound, the metal salt, and the metal alkyl can be allowed to age for a period of time prior to 

contacting the mixture comprising the N2-phosphinyl guanidine compound, a metai salt, and a metal alkyl 

with an olefin (or a mixture comprising the olefin); or alternatively, catalyst system comprising the N2-

phosphinyl guanidine compound, the metal salt, and the metal alkyl can be allowed to age for a period of 

time in 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 guanidine compound, a metal salt, and a 
metal alkyl can further comprise a solvent. 

[00223] In any aspect or embodiment wherein an N2-phosphinyl guanidine metal salt complex and a 

metal alkyl are contacted prior to contacting the olefin, the mixture comprising the N2-phosphinyl 

guanidine metal salt complex and the metal alkyl can be allowed to age for a period of time prior to 

contacting the mixture comprising the M2-phosphinyl guanidine metal salt complex and the metal alkyl 

with an olefin (or a mixture comprising the olefin) or alternatively, catalyst system comprising the Nz-

phosphinyl guanidine metal salt complex and the metal alkyl can be allowed to age for a period of time in 

the substantial absence of (or in the absence of) an olefin (or a mixture comprising the olefin). In some 

embodiments, a mixture comprising an N2-phosphinyl guanidine metal salt complex and a metal alkyl can 

further comprise a solvent. 

[00224] In a non-limiting embodiment, the oligomerization process can comprise: a) preparing a 

catalyst system; b) allowing the catalyst system to age for a period of time; c) 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 catalyst system to 

age for a period of time; c) 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 first solvent. In 

an embodiment, the olefi n, aged catalyst system, 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 aged catalyst system can be contacted can be the same; or alternatively, can be different. The 

catalyst system, features 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 independently described herein and can 

be utilized, without limitation to further describe the oligomerization process. In some embodiments, the 

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

|00225] In a non-limiting embodiment, the oligomerization process can comprise: a) forming a catalyst 

system mixture comprising an N2-phosphinyl guanidine metai salt complex and metal alkyl compound; b) 

aging the catalyst system mixture; c) contacting the aged catalyst system mixture with an olefin; and c) 

forming an oligomer product. In another non-limiting embodiment, the oligomerization process can 

comprise: a) forming a catalyst system mixture comprising an N2-phosphinyl guanidine compound, a 

metal salt, and a metal alkyl compound; b) aging the catalyst system mixture; c) contacting the aged 

catalyst system mixture with an olefin; and c) 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 mixture and the olefin can be contacted in a solvent (e.g., a second solvent). In yet 

another non-limiting embodiment, the oligomerization process can comprise: a) forming a catalyst system 

mixture comprising (or consisting essentially of) an N2-phosphinyl guanidine metal salt complex, a metal 

alkj'i compound, and a first solvent; b) aging the catalyst system mixture; c) contacting the aged catalyst 

system mixture with an olefin and a second solvent; and c) forming an oligomer product. In a further 

non-limiting embodiment, the oligomerization process can comprise: a) forming a catalyst system mixture 

comprising (or consisting essentially of) an N^-phosphinyl guanidine compound, a metal salt, a metal 

alkyl, and a first solvent; b) aging the catalyst system mixture; c) contacting the aged catalyst system 

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

[00226] In some embodiments, the step of contacting the aged catalyst system mixture with the olefin 

(and optionally a solvent - e.g., second solvent) can be a step of contacting the aged catalyst system 

mixture with an olefin and hydrogen. The N2-phosphinyl guanidine compound, metal salt, the metal salt 

N2-pbosphinyl guanidine metal salt complex, the metal alkyl compound, the olefin, solvents, features of 

aging the catalyst system, features of the oligomer product, and features of the impacts of aging the 

catalysts system, among other features, are independently described herein and can be utilized, without 

limitation to further describe the oligomerization 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 M2-phosphinyl 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^-phosphinyl guanidine metal salt complex, 

among other features, are independently described herein and can be utilized without limitation to further 

describe the oligomerization process. 
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[00227] In an embodiment, the catalyst system can be aged for up 14 days; aiternativeiy, up to 10 days; 

alternatively, up to 8 days; alternatively, up to 6 days; alternatively, up to 4 days; aiternativeiy, up to 3 

days; alternatively, up to 48 hours; alternatively, up to 36 hours; alternatively, up to 24 hours; 

alternatively, up to 18 hours; alternatively, up to 10 hours; alternatively, up to 8 hours; alternatively, up to 

6 hours; alternatively, up to 4 hours; or alternatively, up to 3 hours. In an embodiment, the catalyst 

system can be aged for at least 15 minutes; alternatively, at least 2.0 minutes; or alternatively, at least 30 

minutes. In an embodiment, the catalyst system can be aged for a time ranging from any catalyst system 

aging minimum 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 minutes to 10 days; alternatively, from 15 minutes to 8 days; alternatively, from 15 

minutes to 6 days; alternatively, from 20 minutes to 4 days; alternatively, from 2.0 minutes to 3 days; 

alternatively, from 30 minutes to 48 hours; alternatively, from 30 minutes to 36 hours; alternatively, from 

30 minutes to 24 hours; alternatively, from 30 minutes to 18 hours; alternatively, from 30 -minutes to 10 

hours ; alternatively, from 30 minutes to 8 hours; alternatively, from 30 minutes to 6 hours; alternatively, 

from 30 minutes to 4 hours; or alternatively, from 30 minutes to 3 hours. Other catalyst system aging 

time ranges are readily apparent for the present disclosure. 

[00228] In an embodiment, any catalyst system 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 temperature 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 achieve an increase in catalyst system activity and/or 

reduction in catalyst system polymer production. 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. 

[00229J The catalytic activity (oligomerization or polymerization) of any catalyst system described 

herein comprising i) any N~~phosphinyl guanidine metal salt complex or ii) any Nz-phosphinyl guanidine 

compound described herein and any metal salt described herein can be defined as the grams of product 

(oligomer product or polymer product) produced per gram of metai of the metal salt in the N2-phosphinyi 

guanidine metal salt complex (or metal of the metal salt) utilized and is measured over 30 minutes 

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 and/or any aging 

temperature described herein) can increase the oligomerization activity or polymerization activity of the 
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catalyst system by at least 10 %; aiternativeiy, at ieast 20 %; alternatively, at least 30 %; alternatively, at 

least 40 %; or alternatively, at least 50 %. In some embodiments, any aged catalyst system described 

herein (using any aging time 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 % to 800 %; alternatively, from 30 % to 600 %; 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. 

[00230] In an embodiment, any aged catalyst system described herein (using any aging time period 

described herein and/or any aging temperature described herein) can provide a catalyst system 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 in an oligomerization 

process by at least 5 %; alternatively, 7.5 %; alternatively, 10 %; alternatively, 12.5 %; or alternatively, at 

least 15 %, In some embodiments, 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 system that has 

been aged for less than 12 minutes. 

[002311 In an embodiment, aging any oligomerization catalyst system described herein can have a 

combination of any increase in activity described herein and any reduction in the amount of polymer 

produced described herein. 

[00232] In an embodiment, a calibration curve can be produced depicting the catalyst system 

activity and/or polymer production of any aged catalyst system described 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 

vanable(s) (e.g., time, temperature, or time and temperature); or alternatively, the calibration curve can be 

depicted as a predictive equation of a catalyst system aging variable(s) (e.g., time, temperature, or 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 parasueters based upon the interpolation or extrapolation of the grapiiieal representation 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 is a decrease in polymer production with respect to 

catalyst system aging can fall outside the instantly disclosed ranges and can be larger than would be 
expected based on the presently disclosed values depending on conditions under which the catalyst 

system is aged. For example, 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 aging the catalyst system under such conditions can he subject to the herein mentioned analysis to 
provide predictive information that can lead one 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 experimentation 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. 

[00233] 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 in the oligomerization process. In some embodiments, any process for preparing the catalyst 

system described herein and/or any oligomerization process described herein can include a step (or steps) 

for aging an alumoxane, 

[00234{ In an embodiment, the alumoxane 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 embodiments, the alumoxane can be aged for up to 1,440 days; up to 1080 days; up to 900 days; or 

up to 720 days. In some embodiments, the alumoxane can be aged at ambient temperature (15 °C - 35 °C 

- no external heat source) from 60 days to 1,440 days; from 120 days to 1080 days; from 180 to 900 days; 

or from 240 days to 720 days. Other, alumoxane aging times at ambient temperature are readily apparent 

form the present disclosure. In some embodiments, the alumoxane can be aged under an inert 

atmosphere. 

[00235] The aging of the alumoxane can be performed at elevated temperature. It 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 is utilized in a catalyst system. In an embodiment, the alumoxane can 
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be aged at a temperature from 30 °C to 100 °C; from 35 °C to 90 °C; from 40 °C to 80 °C; or 45 °C to 70 

°C. In an embodiment, the alumoxane can be aged at any elevated temperature disclosed herein for at 

least 12 hours; at least 18 hours; at least 24 hours; or at least 36 hours. In an embodiment, the alumoxane 

can be aged at any elevated temperature disclosed herein for up to 360 days; up to 270 days; up to!80 

days; or up to 90 days. In some embodiments, the alumoxane can be aged at any elevated temperature 

disclosed Iierein for a time ranging from any minimum alumoxane aging time disclosed herein to any 

maximum alumoxane aging time disclosed herein. In a non-limiting example the alumoxane can be aged 

at any elevated temperature disclosed herein for a time ranging from 12 hours to 360 days; alternatively, 

from 12 hours to 270 days; alternatively, from 18 hours to 270 days; or alternatively, from 18 hours to 

180 days. Other alumoxane aging times at elevated temperatures are readily apparent from the present 

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

[00236] In an embodiment, any aging of the alumoxane 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 %, 

[00237] 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., time, temperature, or time and temperature). In 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 

calibration curve can be depicted as a predictive equation of an alumoxane aging variable(s) (e.g., time, 

temperature, or time and temperature). The graphical representation and/or predictive equation relating 

catalyst system polymer 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 is contemplated that in some aspects, the extent to which the 

polymer production of the catalyst system decreases with respect to alumoxane aging can fall outside the 

instantly disclosed ranges and can be larger than would be expected based on the presently disclosed 

values depending on the conditions under which alumoxane is aged. For example, 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 alumoxane 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. It is 



WO 2013/184579 PCT/US2013/043902 

125 

contemplated that given the benefits of tills disclosure and using routine experimentation one having 

ordinary skill in the art can modify the methodologies disclosed herein to alter a reduction in the amount 

of polymer produced in an oligomerization process. Such modifications fall within the scope of this 

disclosure. 

[00238J Various aspects and embodiments described herein refer to non-hydrogen substituents (or 

alternatively, substituent or substituent group). Each 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; alternatively, a hydrocarbyl group or a hydrocarboxy groitp; 

alternatively, a halide; alternatively, a hydrocarbyl group; or alternatively, a hydrocarboxy group. Each 

non-hydrogen substituent of any aspect or embodiment calling for a substituent independently can be a 

halide, aCj to C!0 hydrocarbyl group, or a Ct to C;0 hydrocarboxy group; alternatively, a halide or a Cj to 

C]0 hydrocarbyl group; alternatively, a halide or a Ci to C;0 hydrocarboxy group; alternatively, a Ci to C(0 

hydrocarbyl group or a Q to Cio hydrocarboxy group; alternatively, a halide; alternatively, a Ci to Cio 

hydrocarbyl group; or alternatively, a C; to Ct0 hydrocarboxy group. In other embodiments, each non-

hydrogen substituent of any aspect or embodiment calling for a substituent independently can be a halide, 

a Cj to C5 hydrocarbyl group, or a Ci to C$ hydrocarboxy group; alternatively, a halide or a C: to C5 

hydrocarbyl group; alternatively, a halide or a C; to C5 hydrocarboxy group; alternatively, a Ci to C5 

hydrocarbyl group or a Ci to C5 hydrocarboxy group; alternatively, a halide; alternatively, a Ci to C5 

hydrocarbyl group; or alternatively, a C< to C5 hydrocarboxy group. 

[00239] In an embodiment, each halide substituent of any aspect or embodiment calling for a 

substituent independently can be a fluoride, chloride, bromide, or iodide; alternatively, a fluoride or 

chloride. In some embodiments, each halide substituent of any aspect or embodiment calling for a 

substituent independently can be a fluoride; alternatively, a chloride; alternatively, a bromide; or 

aiternativeiy, an iodide. 

[00240] In an embodiment, each 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 alkyl 

group; alternatively, an aryl group; or alternatively, an aralkyl group. In an embodiment, each alkyl 

substituent of any aspect or embodiment calling for a substituent independently can be a methyl group, an 

ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, a sec-butyl group, an isobutyl 

group, a tert-butyl group, an n-pentyl group, a 2-pentyl group, a 3-pentyl group, a 2-methyl-I -butyl group, 

a tert-pentyl group, a 3-methyl-I-butyl group, a 3-methyl-2-butyl groitp, or a neo-pentyl group; 

alternatively, 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, an isopropyl group; 

alternatively, a tert-butyl group; or alternatively, a neo-pentyl group. In an embodiment, each 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-trimethylphenyl group; aiternativeiy, a phenyl group; alternatively, a 

tolyl group; alternatively, a xylyl group; or alternatively, a 2,4,6-trimethylphenyl group. In an 

embodiment, each aralkyl substituent of any aspect or embodiment calling for a substituent independently 

can be benzyl group or an ethylphenyl group (2-phenyleth-l-yl or I-phenyleth-l-yl); alternatively, a 

benzyl group; alternatively, an ethylphenyl group; alternatively a 2-phenyleth-l-yl group; or alternatively, 

a 1-phenyleth-l-yl group. 

[00241] In an embodiment, each hydrocarboxy substituent of any aspect or embodiment calling for a 

substituent independently can be an alkoxy group, an aryioxy group, or an aralkoxy group; alternatively, 

an alkoxy group; alternatively, an aryioxy group, or an aralkoxy group. In an embodiment, each alkoxy 

substituent of any aspect or embodiment calling 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, a tert-butoxy group, an n-pentoxy group, a 2-pentoxy group, a 3-pentoxy group, a 2-methyl-l-

butoxy group, a tert-pentoxy group, a 3-methyl-1-butoxy group, a 3-methyl-2-butoxy group, or a neo-

pentoxy group; alternatively, a methoxy group, an ethoxy group, an isopropoxy groitp, a tert-butoxy 

group, or a neo-pentoxy group; alternatively, a methoxy group; alternatively, an ethoxy group; 

aiternativeiy, an isopropoxy group; alternatively, a tert-butoxy group; or alternatively, a neo-pentoxy 

group. In an embodiment, each aryioxy substituent of any aspect or embodiment calling for a substituent 

independently can be phenoxy group, a toloxy group, a xyloxy group, or a 2,4,6-trimethylphenoxy group; 

alternatively, a phenoxy group; alternatively, a toloxy group; alternatively, a xyloxy group; or 

alternatively, a 2,4,6-trimethylphenoxy group. In an embodiment, each aralkoxy substituent of any aspect 

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

[00242] In an embodiment, non-hydrogen substituents (or alternatively, substituent or substituent 

group) which can be utilized in various aspects or embodiments can be a trihydrocarbylsilyi group. 

Generally, each hydrocarbyl group of the trihydrocarbylsilyi group independently can be any hydrocarbyl 

group (general or specific) which has be disclosed herein as a non-hydrogen substituent. In some 

embodiments, the trihydrocarbylsilyi group which can be utilized as a substituent can be a trimethyisilyl 

group, a triethylsilyl group, a tripropylsilyl group, a triphenylsilyl group, or a tribenzylsilyl group; 

alternatively, a trimethyisilyl groitp, a triethylsilyl group, or a tripropylsilyl group; alternatively, a 

trimethyisilyl group; alternatively, a triethylsilyl group; alternatively, a tripropylsilyl group; alternatively, 

a triphenylsilyl group; or alternatively, a tribenzylsilyl group. 
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[00243] In an embodiment, non-hydrogen substituents (or alternatively, substituent or substituent 

group) which can he utilized in various aspects or embodiments can be a trihydrocarbylsiloxy group. 

Generally, each hydrocarbyl group of the trihydrocarbylsiloxy group independently can be any 

hydrocarbyl group (general or specific) which has be disclosed herein as a non-hydrogen substituent. In 

some embodiments, the trihydrocarbylsiloxy group which can be utilized as a substituent can be a 

trimethylsiloxy group, a triethyisiloxy group, a tripropylsiloxy group, a tripbenylsiloxy group, or a 

tribenzylsiloxy group; alternatively, a trimethylsiloxy group, a triethyisiloxy group, or a tripropylsiloxy 

group; alternatively, a trimethylsiloxy group; alternatively, a triethyisiloxy group; alternatively, a 

tripropylsiloxy group; alternatively, a tripbenylsiloxy group; or alternatively, a tribenzylsiloxy group. 

Solvents 

[00244] 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, aldehydes, alcohols, nitriles, 

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 limitation ethers, carbonates, esters, 

ketones, aldehydes, alcohols, nitriles, and mixtures thereof; alternatively, ethers, carbonates, esters, 

ketones, aldehydes, alcohols, nitriles, and mixtures thereof; alternatively, ethers, esters, ketones, alcohols, 

nitriles, and mixtures thereof; alternatively, ethers; alternatively, carbonates; alternatively, esters; 

alternatively, ketones; alternatively, aldehydes; alternatively, alcohols; or alternatively, 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 limitation ethers, esters, ketones, aldehydes, nitriles, and mixtures 

thereof; alternatively, ethers, nitriles and mixtures thereof; alternatively, esters, ketones, aldehydes and 

mixtures thereof; alternatively, ethers; alternatively, esters; alternatively, ketones; alternatively, 

aldehydes; or alternatively, nitriles. Other aspects and/or embodiments of the disclosure can call for a 

non-polar solvent. Non-polar solvents include without limitation hydrocarbons, halogenated 

hydrocarbons, or mixtures thereof; alternatively, a hydrocarbon; or alternatively, a halogenated 

hydrocarbon. Yet other aspects ami/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 include 

without limitation ethers, hydrocarbons, and mixtures thereof; alternatively, ethers; or alternatively, 

hydrocarbons. 

[00245j Hydrocarbons and halogenated hydrocarbon can include, for example, aliphatic hydrocarbons, 

aromatic hydrocarbons, petroleum distillates, halogenated aliphatic hydrocarbons, halogenated aromatic 
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hydrocarbons, or combinations thereof; alternatively aliphatic hydrocarbons, aromatic hydrocarbons, 

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 useful as a solvent include C3 to C2o aliphatic hydrocarbons; alternatively C4 to Ci5 aliphatic 

hydrocarbons; or aiternativeiy, C5 to C!0 aliphatic hydrocarbons. The aliphatic hydrocarbons can be 

cyclic or acyclic and/or can be linear or branched, unless otherwise specified. Non-limiting examples of 

suitable acyclic aliphatic hydrocarbon solvents that can be utilized singly or in any combination include 

propane, iso-butane, n-butane, butane (n-butane or a mixture of linear and branched C4 acyclic aliphatic 

hydrocarbons), pentane (n-pentane or a mixture of linear and branched C5 acyclic aliphatic 

hydrocarbons), hexane (n-hexane or mixture of linear and branched C6 acyclic aliphatic hydrocarbons), 

heptane (n-heptane or mixture of linear and branched C7 acyclic aliphatic hydrocarbons), octane (n-octane 

or a mixture of linear and branched Cg acyclic aliphatic hydrocarbons), and combinations thereof; 

alternatively, iso-butane, n-butane, butane (n-butane or a mixture of linear and branched C4 acyclic 

aliphatic hydrocarbons), pentane (n-pentane or a mixture of linear and branched C5 acyclic aliphatic 

hydrocarbons), hexane (n-hexane or mixture of linear and branched C6 acyclic aliphatic hydrocarbons), 

heptane (n-heptane or mixture of linear and branched C? acyclic aliphatic hydrocarbons), octane (n-octane 

or a mixture of linear and branched C8 acyclic aliphatic hydrocarbons), and combinations thereof; 

alternatively, iso-butane, n-butane, butane (n-butane or a mixture of linear and branched C4 acyclic 

aliphatic hydrocarbons), pentane (n-pentane or a mixture of linear and branched C5 acyclic aliphatic 

hydrocarbons), heptane (n-heptane or mixture of linear and branched C7 acyclic aliphatic hydrocarbons), 

octane (n-octane or a mixture of linear and branched Cg acyclic aliphatic hydrocarbons), and 

combinations thereof; alternatively, propane; alternatively, iso-butane; alternatively, n-butane; 

alternatively, butane (n-butane or a mixture of linear and branched C4 acyclic aliphatic hydrocarbons); 

alternatively, pentane (n-pentane or a mixture of linear and branched C5 acyclic aliphatic hydrocarbons); 

alternatively, hexane (n-hexane or mixture of linear and branched C6 acyclic aliphatic hydrocarbons); 

alternatively, heptane (n-heptane or mixture of linear and branched C7 acyclic aliphatic hydrocarbons); or 

aiternativeiy, octane (n-octane or a mixture of linear and branched Cg acyclic aliphatic hydrocarbons). 

Non-limiting examples of suitable cyclic aliphatic hydrocarbon solvents include cyclohexane, methyl 

cyclohexane; alternatively cyclohexane; or alternatively, methylcyclohexane. Aromatic hydrocarbons 

which can be useful as a solvent include C6 to C20 aromatic hydrocarbons; or alternatively, C6 to Cio 

aromatic hydrocarbons. Non-limiting examples of suitable aromatic hydrocarbons that can be utilized 

singly or in any combination include benzene, toluene, xylene (including ortho-xylene, meta-xylene, 
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para-xylene, or mixtures thereof), and ethylbenzene, or combinations thereof; alternatively, benzene; 

alternatively, toluene; alternatively, xylene (including ortho-xylene, meta-xylene, para-xylene or mixtures 

thereof); or alternatively, ethylbenzene. 

[00246] Halogenated aliphatic hydrocarbons which can be useful as a solvent include C'i to C15 

halogenated aliphatic hydrocarbons; alternatively, Ci to CJO halogenated aliphatic hydrocarbons; or 

alternatively, C( to C5 halogenated aliphatic hydrocarbons. The halogenated aliphatic hydrocarbons can 

be cyclic or acyclic and/or can be linear or branched, unless otherwise specified. Non-limiting examples 

of suitable halogenated aliphatic hydrocarbons which can be utilized include methylene chloride, 

chloroform, carbon tetrachloride, dichloroethane, tricbloroethane, and combinations thereof; alternatively, 

methylene chloride, chloroform, dichloroethane, tricbloroethane, and combinations thereof; alternatively, 
methylene chloride; alternatively, chloroform; alternatively, carbon tetrachloride; alternatively, 

dichloroethane; or alternatively, tricbloroethane. Halogenated aromatic hydrocarbons which can be 

useful as a solvent include C6 to C2o halogenated aromatic hydrocarbons; or alternatively, C6 to Cio 

halogenated aromatic hydrocarbons. Non-limiting examples of suitable halogenated aromatic 

hydrocarbons include chlorobenzene, dichlorobenzene, and combinations thereof; aiternativeiy 

chlorobenzene and dichlorobenzene. 

[00247] Ethers, carbonates, esters, ketones, aldehydes, or alcohols which can be useful as a solvent: 

include C2 to C2o ethers, carbonates, esters, ketones, aldehydes, or alcohols; aiternativeiy, C2 to Cio ethers, 

carbonates, esters, ketones, aldehydes, or alcohols; or alternatively, C2 to C5 ethers, carbonates, esters, 
ketones, aldehydes, or alcohols. Suitable ether solvents can be cyclic or acyclic. Non-limiting examples 

of suitable ethers which can be useful as a solvent: include dimethyl ether, diethyl ether, methyl ethyl 

ether, monoethers or diethers of glycols (e.g., dimethyl glycol ether), furans, substituted furans, 

dihydrofuran, substituted dihydrofurans, tetrahydrofuran (THF), substituted tetrahydrofurans, 

tetrahydropyrans, substituted tetrahydropyrans, 1,3-dioxanes, substituted 1,3-dioxanes, 1,4-dioxanes, 

substituted 1,4-dioxanes, or mixtures thereof. In an embodiment, each substituent: of a substituted furan, 

substituted dihydrofuran, substituted tetrahydrofuran, substituted tetrahydropyran, substituted 1,3-

dioxane, or substituted 1,4-dioxane, can be a Ci to C5 alkyl group. Ci to C5 alkyl substituent groups are 

disclosed herein and can be utilized without limitation of further describe the substituted tetrahydrofuran, 

dihydrofuran, furan, 1,3-dioxane, or 1,4 dioxane solvents. Non-limiting examples of suitable carbonates 

which can be utilized as a solvent include ethylene carbonate, propylene carbonate, diethyl carbonate, 

diethyl carbonate, glycerol carbonate, and combinations thereof. Non-limiting examples of suitable esters 

which can be utilized as a solvent include ethyl acetate, propyl acetate, butyl acetate, isobutyl isobutyrate, 

methyl lactate, ethyl lactate, and combinations thereof. Non-limiting examples of suitable ketones which 
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can be utilized as a solvent include acetone, ethyl methyl ketone, methyl isobutyl ketone, and 

combinations thereof. Non-limiting examples of suitable alcohols which can be utilized as a solvent 

include methanol, ethanol, propanol, isopropanol, n-butanol, isobutanol, pentanol, hexanol, heptanol, 

octanol, benzyl alcohol, phenol, cyclohexanol, and the like, or combinations thereof 

[00248J While the present disclosure presents various aspects and embodiments as independent 

elements, one can readily recognize that these aspects and embodiments can be combined to form 

additional aspects and embodiments. Some non-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 

envisioned and/or supported by the present disclosure. All combinations of the various aspects and 

embodiments disclosed herein are folly contemplated by the present disclosure. 

[00249J In a first embodiment, the present disclosure includes a composition comprising an Nz-

phosphinyl guanidine metal salt complex comprising a chromium salt compiexed to an N/-phosphinyl 

guanidine compound. In a second embodiment, the present disclosure includes the composition of the 

first embodiment wherein the N2-phosphinyl guanidine metal salt complex has a Stnicture CrGul wherein 

R1 is a C'i to Cj© organyl group, R2a and R2b independently are Ci to C30 organyl groups consisting 

essentially of inert functional groups, R3 is hydrogen or a C[ to C30 organyl group consisting essentially of 

inert functional groups, R4 and R5 each independently are Ci to C30 organyl groups consisting essentially 

of inert functional groups, CrXp represents a chromium salt where X is a monoanion, and p ranges from 2 

to 6, and Q is a neutral ligand, and q ranges from 0 to 6. in a third embodiment, the present disclosure 

includes the composition of the second embodiment wherein a) R1 and R2a can be joined to form a ring or 

a ring system, b) R2a and R/b can be joined to form a ring or a ring system, c) R20 and R" can be joined to 

form a ring or a ring system, or d) Rl and R2a can be joined to form a ring or a ring system and R2D and R3 

can be joined to form a ring or a ring system, in a fourth embodiment, 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 Ll2 is a C2 to C15 organylene group consisting of inert functional 

groups (or alternatively, a C2 to Ci5 hydrocarbylene groups), R" is hydrogen or a Ci to C30 organyl group 

consisting essentially of inert functional groups (or a Cj to C30 hydrocarbyl group), R4 and R5 

independently are Cj to C30 organyl groups consisting essentially of inert functional groups (or Ci to C30 

hydrocarbyl groups),CrXp represents a chromium salt where X is a monoanion and p ranges from 2 to 6, 

Q is a neutral ligand, and q ranges from 0 to 6; alternatively, wherein the N~-phosphinyl guanidine metal 

salt complex has Structure CrGu3 wherein R1 is a Ci to C30 organyl group consisting essentially of inert 

functional groups (or a Ci to C30 hydrocarbyl group), I/' is a C2 to C!5 organylene group consisting of 
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inert functional groups (or alternatively, a C2 to C<5 hydrocarbylene groups), R4 and R5 independently are 

C[ to C-,o organyl groups consisting essentially of inert functional groups (or Ci to C30 hydrocarbyl 

groups),CrXP represents a chromium salt where X is a monoanion and p ranges from 2 to 6, Q is a neutral 

ligand, and q ranges from 0 to 6; alternatively, wherein the N2-phosphinyl guanidine metal salt complex 

has Structure CrGu4 wherein L12 andL2' independently are C2 to Ci5 organylene group consisting of inert 

functional groups (or alternatively, hydrocarbylene groups), R4 and R5 independently are C< to C30 

organyl groups consisting essentially of inert functional groups (or Ci to C30 hydrocarbyl groups),C'rXP 

represents a chromium salt where X is a monoanion and p ranges from 2 to 6, Q is a neutral ligand, and q 

ranges from 0 to 6; alternatively, wherein the N^-phosphinyl guanidine metal salt complex has Structure 

CrGu5 wherein R1 is a Q to C30 organyl group consisting essentially of inert functional groups (or a C3 to 

C20 hydrocarbyl group), LJ"' is a C3 to C2o organylene group consisting of inert functional groups (or 

alternatively, a C2 to CLs hydrocarbylene groups), R3 is hydrogen or a C( to C3Q organyl group consisting 

essentially of inert functional groitps (or a C'i to C30 hydrocarbyl group), R4 and R' independently are Ci 

to C30 organyl groups consisting essentially of inert functional groups (or C} to C30 hydrocarbyl groups), 

CrXp represents a chromium salt where X is a monoanion and p ranges from 2. to 6, Q is a neutral ligand, 

and q ranges from 0 to 6. In a fifth embodiment, the present disclosure includes the composition of the 

first embodiment wherein the chromium salt comprises a chromium(III) carboxylate, a chromium(III) p~ 

diketonate, or a chromiurri(III) halide; or alternatively, the composition of the second through the fourth 

embodiments wherein X is a carboxylate, a p-diketonate, or a halide, and p is 3. In a sixth embodiment, 

the present disclosure includes the composition of the first embodiment wherein the chromium salt 

comprises a chromium(IH) halide; or alternatively, the composition of the second through the fourth 

embodiments wherein X is a halide, and p is 3. In a seventh embodiment, the present disclosure includes 

the composition of the second through the sixth embodiments wherein Q comprises a Q to C20 nitrile or a 

Ci to C4o ether. In a eighth embodiment, the present disclosure includes the composition of the second 

through the fourth embodiments wherein CrXP comprises a chromium(IH) halide and each Q 

independently is a C2 to C3Q aliphatic acyclic ether or a C3 to C30 aliphatic cyclic ether. In a ninth 

embodiment, the present disclosure includes the composition of the first embodiment wherein the N2-

phosphinyl guanidine metal salt complex has Stmcture CrCl3 • THF Gu I, Stmcture CrCl3 • THF Gu VII, 

or Structure CrCl3 • THF Gu XI: alternatively. Structure CrCl3 • THF Gu I; alternatively, Structure CrCl3 

• THF Gu VII; or alternatively, Structure CrCl3 * THF Gu XI. 

[00250{ In a tenth embodiment, the present disclosure includes a catalyst system composition 

comprising a) an N2-phosphinyl guanidine metal salt complex described in any of first through the ninth 

embodiments, and b) a metal alkyl compound. In an eleventh embodiment, the present disclosure 
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includes the catalyst system composition of the tenth embodiment wherein the metal alkj'i compound 

comprises an aluminoxane. In a twelfth embodiment, the present disclosure includes the catalyst system 

composition of the eleventh embodiment wherein the aluminoxane comprises methylaluminoxane 

(MAO), modified methylaluminoxane (MMAO), ethyialuminoxane, n-propylaluminoxane, iso-propyl-

aluminoxane, n-butylaluminoxane, sec-butylaluminoxane, iso-butylaluminoxane, t-butyl aluminoxane, 1-

pentylaluminoxane, 2-pentylaluminoxane, 3-pentylaluminoxane, iso-pentylaluminoxane, 

neopentylaluminoxane, and mixtures thereof. In a thirteenth embodiment, the present: disclosure includes 

the catalyst system composition of the tenth embodiment wherein the aluminoxane comprises modified 
methylaluminoxane (MMAO); or alternatively, the catalyst system composition of the eleventh 

embodiment wherein the aluminoxane comprises modified methylaluminoxane (MMAO). In a fourteenth 

embodiment, the present disclosure includes the catalyst system composition of the eleventh through 

thirteenth embodiments wherein a metal of the metal alkyl compound to chromium of the N2-phosphinyl 

guanidine metal salt complex molar ratio is at least 5:1.; or alternatively, wherein an aluminum of the 

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

[00251] In a fifteenth embodiment, the present disclosure includes a process of preparing a catalyst 

system composition comprising contacting an N2-phosphinyl guanidine metal salt complex described in 

any of first through the ninth embodiments and a metal alkyl compound (or alternatively, an 

aluminoxane). In a sixteenth embodiment, the present disclosure includes the method of the fifteenth 

embodiment, wherein the catalyst system composition is aged in the substantial absence of an olefin for at 

least 15 minutes. In a seventeenth embodiment, the present disclosure includes 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 

system that has not been aged, or c) increased oligomerization catalytic activity and a reduced percentage 

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

[00252] In an eighteenth embodiment, the present disclosure includes an oligomerization process 

comprising a) contacting i) an olefin, and ii) a catalyst system comprising (a) an N2-phosphinyl guanidine 

metal salt complex described in any of first through the ninth embodiments, and (b) a metal alkj'i 

compound (or alternatively, an aluminoxane), to form an oligomer product and b) recovering an 

oligomer; or alternatively, a) contacting i) an olefin, and ii) a catalyst system described in any of tenth 

through the fourteenth embodiments, and b) recovering an oligomer. In a nineteenth embodiment, the 

present disclosure includes the process of the eighteenth embodiment, wherein the catalyst system, the 

olefin, and hydrogen are contacted to form, an oligomer product, in a twentieth embodiment, the present 
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disclosure includes the process of the eighteenth through the nineteenth embodiments, wherein the 

oligomer 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 ethylene, and wherein the oligomer product comprises a 

liquid oligomer product comprising from 60 to 99,9 wt. % C6 and Q olefins. In a twenty-second 

embodiment, the present disclosure includes the process of the eighteenth through the twenty-first 

embodiments, wherein the olefin comprises ethylene and wherein a C6 oligomer product comprises at 

least 90 wt. % 1-hexene. In a twenty-third embodiment, the present disclosure includes the process of the 

eighteenth through the twenty-second embodiments, wherein the olefin comprises ethylene and wherein a 

Q oligomer product comprises at least 90 wt. % 1 -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 oligomer product, wherein the olefin 

comprises ethylene, wherein the oligomer product is formed at ail ethylene partial pressure ranging from 

150 psig to 2,000 psig and a hydrogen partial pressure ranging from 5 psig to 400 psig. 

General Disclosure 'Information 

[00253] For the purpose of any U.S. national stage filing from this application, ail publications and 

patents mentioned in this disclosure are incorporated herein by reference in their entireties, for the 

purpose of describing and disclosing the constructs and methodologies described in those publications, 

which might be used in connection with the methods of this disclosure. Any publications and patents 

discussed above and throughout the text are provided solely for their disclosure prior to the filing date of 

the present application. Nothing herein is to be construed as an admission that the inventors are not 

entitled to antedate such disclosure by virtue of prior invention. 

[00254] Unless indicated otherwise, when a range of any type is disclosed or claimed, for example a 

range of the number of carbon atoms, molar ratios, temperatures, and the like, it is intended to disclose or 

claim individually each possible number that such a range could reasonably encompass, including any 

sub-ranges encompassed therein. For example, when describing a range of the number of carbon atoms, 

each possible individual integral number and ranges between integral numbers of atoms that the range 

includes are encompassed therein. Thus, by disclosing a C; to Cio alkyl group or an alkyl group having 

from I 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, 5, 6, 7, 8, 9, or 10 carbon atoms, and these methods of describing such a group are 

interchangeable. When describing a range of measurements such as molar ratios, every possible number 

that such a range could reasonably encompass can, for example, refer to values within the range with one 
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significant digit more than is present in the end points of a range. In this example, a molar ratio between 

1,03:1 and 1.12:1 includes individually molar ratios of 1.03:1, 1.04:1, 1.05:1, 1.06:1, 1.07:1, 1.08:1, 

1.09:1, 1.10:1, 1.11:1, and 1.12:1. Applicants' intent is that these two methods of describing the range are 

interchangeable. Moreover, when a range of values is disclosed or claimed, which Applicants intent to 

reflect individually each possible number that such a range could reasonably encompass, Applicants also 

intend for the disclosure of a range to reflect, and be interchangeable with, disclosing any and all 

sub-ranges and combinations of sub-ranges encompassed therein. In this aspect, Applicants' disclosure of 

a C; to Cio alkyl group is intended to literally encompass a Ci to C6 alkyl, a C4 to Cg alkyl, a C2 to C7 

alkyl, a combination of a Ci to C3 and a C5 to C ? alkyl, and so forth. When describing a range in which 

the end points of the range have different numbers of significant digits, for example, a molar ratio from 

1:1 to 1.2:1, every possible number 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 includes individually molar ratios of 1.01, 1,02, 1.03, 1.04, 1.05, 1.06, 1.07, 1.08, 1.09, 1.10, 

1.11, 1,12, 1.13, 1.14, 1.15, 1.16, 1.17, 1.18, 1.19, and 1.20, all relative to i, 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, including any sub-ranges or 

combinations of sub-ranges within the group, if for any reason Applicants choose to claim less than the 

full measure of the disclosure, for example, to account for a reference that Applicants are unaware of at 

the time of the filing of the application. 

[00255] In any application before the United States Patent and Trademark Office, the Abstract of this 

application is provided for the purpose of satisfying the requirements of 37 C.F.R. § 1.72 and the purpose 

stated in 37 C.F.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 nature and gist of the technical disclosure." 

Therefore, the Abstract of this application is 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 is disclosed herein. Any use of the past tense to describe an example otherwise 

indicated as constructive or prophetic is not intended to reflect that the constructive or prophetic example 

has actually been carried out. 

[00256] The present disclosure is further illustrated by the following examples, which are not to be 

construed in any way as imposing limitations upon the scope thereof. On the contrary, it is to be clearly 

understood that resort can be had to various other aspects, embodiments, modifications, and equivalents 



WO 2013/184579 PCT/US2013/043902 

135 

thereof which, after reading the description herein, can suggest themselves to one of ordinary skill in the 

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

[00257} 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 

[00258] N2-phosphinyl guanidine metal salt complexes were prepared and their utility as 

oligomerization catalysts evaluated. 

Guanidine Compound Syntheses 

[00259 j All chemicals and compounds used were purchased from commercial sources. Diethyl ether 

was distilled from sodium-benzophenone to eliminate water and oxygen. Anhydrous benzene (dry 

benzene) was degassed and stored over molecular sieves. The synthesis 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. 2010, 8, 1816-1820 which is incorporated herein by reference in its entirety. Table 3 

summarizes the amines and carbodiimides utilized in guanidine syntheses 1-5 along with the produced 

guanidine compounds. 

Guanidine Synthesis 1 - Guanidine A 

|00260] 2,6 dimethylaniline (20mmol, 2.608ml) was dissolved in 50ml of benzene in a 100ml Schlenk 

flask. To this solution, N,N'-diisopropylcarbodiimide (20mmol, 3.09ml) and zinc 

trifluoromethanesulfonate (0.6mmol, 0.2200g) were also added to give a clear and colorless solution. 

This solution was refluxed for 12 hours. After refluxing the reaction mixture was cloudy but still 

colorless. The benzene solvent was removed and the white solid that remained was dissolved in diethyl 

ether, filtered, and taken to dryness to give a white powder (4.395lg, 88.1% yield). NMR (C6D6) 8: 7.16 

(doublet, 2H), 6.95 (triplet, 1H), 3.17 (broad doublet, 2H), 2.33 (singlet, 6H), 0.87 (broad doublet, 12H) 

ppm. 

Guanidine Synthesis 2 - Guanidine B 

|00261] Aniline (lOmmol, 0.9137ml), Zn(OTF)2 (0.3mmol, O.l iOOg), and N,N'-diisopropylcarbo-

diimide (lOmmol, 1.546ml) were transferred to a 50ml Schlenk flask and dissolved in 25ml of benzene. 
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The reaction mixture was refluxed for 72 hours. The solution changed color from dark brown to 

translucent dark green that began to solidify as the flask was allowed to cool to room temperature. The 

flask was heated to redissolve the mixture and the benzene solvent was removed by vacuum. The product 

was isolated by dissolving in warm diethyl ether followed by filtration. The green solution was reduced 

in volume until solid began to form. The solution was placed in a freezer for I hour before filtering 

(1.3320g, 60.7% yield). NMR (C6D6) 5: 7.26 (triplet, 2.H), 7.14 (singlet, 2H), 6.92 (triplet, 1H), 3.64 

(broad singlet, 2H), 3,42 (broad multiplet, 2H), 0.88 (doublet, 13H) ppm. 

Guanidine Synthesis 3 - Guanidine C 

[00262] 2-5-di-tert-butylaniline (lOmmol, 2.0535g), a white, powdery solid, Zn(OTF)2 (0.3mmol, 

0.1 lOOg), and NJN'-diisopropylcarbodiimide (lOmmol, 1.546ml) were transferred to a 50ml Schlenk flask 

and dissolved in 25ml of benzene to give a clear and colorless solution. This solution was refluxed for 12 

hours. After reflux the solution remained colorless but became more translucent. The flask was allowed 

to cool to room temperature and solvent was removed under vacuum to give a white solid. This solid was 

dissolved in diethyl ether to give a colorless solution with a fine white precipitate and was allowed to stir 

for 30 minutes before filtering to give a clear and colorless filtrate. The solvent was removed by vacuum 

to give a white powder (3.0554, 92.2 % yield). NMR (C6D6) 8: 7.46 (doublet, 2H), 7.01 (doublet, 1H), 

6.97 (singlet, 1H), 3.68 (broad, 2H), 3.43 (broad doublet, 2H), 1.66 (singlet, 9H), 1.30 (singlet, 9H), 0.94 

(doublet, 12H) ppm. 

Guanidine Synthesis 4 - Guanidine D 

[00263] Guanidine D was prepared in the same manner and same millimolar proportions as described 

for the synthesis for Guanidine C. The synthesis provided 4.68g, 94.5 % yield, of Guanidine D. NMR 

(CfiDc) 8: 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 (triplet, 3H), 0.90 (doublet, 12H) ppm. 

Guanidine Synthesis 5 - Guanidine E 

|00264] 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 

(C^Us) 8: 7.33 (doublet, 2H), 7.12. (doublet, 2.H), 3,68 (broad peak, 4H), 1.26 (singlet, 9H), 0.92 (doublet, 

12H) ppm. 
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Table 3 - Amines, Carbodiiraides, and Product Guanidine Compounds of Guanidine Syntheses 1-5 

Synthesis Designation Amine Carhodiimide Guanidine 

Guanidine A 

""{iH 
GUailidine /"V-NH, \ „ 1 1 
Synthesis 2 \—/ / \ C'V" H 

Guanidine B 

Y "S" . 
Guanidine /~\_NH- \-N=C=N-Y K-
Synthesis 3 w/ / \ W h 

Guanidine C 

_/ 

Guanidine { Y-NH2 \_N=C=N_/ r\ 
Synthesis 4 / \ w H 

Guanidine D 

Guanidine \—/~\_NH2 Y-N=C=N—/ \ „ 
Synthesis 5 / \=/ / \ -y—{3~ H 

Guanidine E 

Synthesis of N2-Phosphinyi Guanidine Compounds 

[00265] AO chemicals and compounds not prepared as disclosed in the herein Examples were 

purchased from commercial sources. The N2-phosphinyl guanidine compounds were performed under an 

argon atmosphere. Diethyl ether was distilled from sodium-benzophenone to eliminate water and oxygen. 

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

N2-PhosyhinyI Guanidine Synthesis 1 - N^'-Phosphinyl Guanidine Stnicture XIX 

[00266] Guanidine A (3mmol, 0.7415g) dissolved in 50ml of diethyl ether in a 300 rn! Schlenk flask to 

give a clear and colorless solution. The reaction mixture was placed in an ice bath under argon purge. A 
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30% molar excess of butyl lithium (2.M, 1.65ml) was added drop-wise and the solution was allowed to stir 

for 2 hours at room temperature. A 10% molar excess of p-chlorodiphenylphosphine (3.3mmol, 0.592ml) 

was added in one part. After a few minutes the solution changed from clear and colorless to orange-

yellow with a fine white precipitate suspended in solution. The mixture was filtered to give a clear 
solution. Solvent was removed from the filtrate under vacuum to give viscous yellow oil (1.3359g, 

quantitative yield). NMR (C6D6): 8 7.67 (triplet, 4H), 7.13 (multiplet, 8H), 6.90 (triplet, 1H), 4.51 

(multiplet 1H), 4.32 (doublet, 1H), 3,18 (multiplet, 1H), 2.38 (singlet, 6H), 1.46 (doublet, 6H), 0.46 

(doublet, 6IT) ppm. 

1W2-Phosphinyl Guanidine Synthesis 2 - N':-Phosphinyl Guanidine Structure XVif! 

[00267J The N2-phosphinyl guanidine compound having Stmcture XVTII was prepared using the same 

procedure and millimolar quantities as utilized in N2-phosphinyl guanidine synthesis 1 using chloro-

diisopropylphosphine and Guanidine A as reagents. When p-chlorodiisopropylphosphine was added the 

solution remained clear and colorless with fine white precipitate suspended in solution. Two filtrations 

were necessary to remove the solid from the filtrate to give a clear and colorless solution. The ether was 
removed and a clear and colorless oil remained (1.1082, quantitative yield). NMR (C6D6): 8 6.94 (singlet, 

3H), 3.34 (multiplet, 1H), 3.23 (multiplet, 2H), 3.04 (multiplet, 1H), 2.97 (doublet, 1H), 2.51 (singlet, 

6H), 1.22 (multiplet, 19H), 0.53 (doublet, 6H) ppm. 

N2-Phosphinyl Guanidine Synthesis 3 - N':-Phosphinyl Guanidine Structure XVII 

[00268] The N2-phosphmyl guanidine compound having Structure XVII was prepared using the same 

procedure millimolar quantities as utilized in N2-Phosphinyl Guanidine Synthesis 1 using 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 yellow solution. The solvent was removed to give a yellow oil (0.9885g, 48.9 % 

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

N2-Phosphinyl Guanidine Synthesis 4 - N~-Phosphinyl Guanidine Structure XXII 

[00269| The N/-phosphinyl guanidine compound having Structure XVII was prepared using the same 

procedure as utilized in N2-Phosphinyl Guanidine Synthesis I using chlorodiphenylphosphine and 

Guanidine C as reagents. Guanidine C (5mmol, 1.6578g) was dissolved in 50 ml of dry diethyl ether in a 

100 ml Schlenk flask and cooled in an ice bath. Butyllithium (5mmol, 2M, 2,5ml) was added drop-wise. 

After the addition, the mixture was allowed to stir for two hours at room temperature. Chlorodiphenyl­

phosphine (5mmol, 0.898ml) was added in one addition. The mixture became slightly yellow and in a 
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few minutes a fine white precipitate began to form. The mixture was passed tiirough a fine filtered frit 

funnel to remove the lithium chloride salt and give a clear, light yellow solution. The solvent was 

removed to give a light yellow powder (2.3109g, 89.6 % Yield). NMR (C6D6): 8 7.67 (multiplet, 4H), 

7.41 (2 singlets, 1H), 7.15 (multiplet, 6H), 7.20 (triplet, 2H), 7.02 (doublet, 1H), 6.89 (singlet, 1H), 4.00 

(multiplet, 1H), 3.79 (singlet, 2H), 1.65 (singlet, 9H), 1.35 (doublet, 6H), 1.29 (singlet, 9H), 0.79 

(doublet, 6H) ppm. 

N2-Phosphinyl Guanidine Synthesis 5 - N2-Phosphinyl Guanidine Structure XX 

{00270] The N2-phosphinyl guanidine compound having Structure XX was prepared using the same 

procedure as utilized in N2-Phosphinyl Guanidine Synthesis 1 using chlorodiphenylphosphine and 

Guanidine D as reagents. Guanidine D (5mmol, 1,2373g) was dissolved in dry diethyl ether, cooled in an 

ice bath, and treated with butyl lithium (2M, 2,5ml), After complete addition, the mixture was allowed to 

stir for 2 hours at room temperature. Chlorodiphenylphosphine was added, the solution changed from 

green to light yellow with a fine white precipitate, and was allowed to stir over night. The white lithium 

chloride salt was removed by vacuum filtration through a fme fritted filter funnel to give a green-yellow 

solution. The solvent was removed and the compound that remained began to solidify. The solid was 

dissolved in pentane, filtered, and taken to dryness, yielding a greenish-beige solid (1.9474g, 90.0% 

Yield). NMR (C6D6): 8 7.65 (triplet, 4H), 7.07 (multiplet, 7H), 6.94 (triplet, 2H), 6.81 (doublet, III), 

4.10 (multiplet, 2H), 3.52 (multiplet, 1H), 2.85 (quartet, 2H), 1.36 (singlet, 2H), 1.33 (singlet, 3H), 1.32 

(doublet, IH), 0.91 (doublet, 2H), 0.67 (doublet, 4H) ppm. 

N2-Phost/hinyI Guanidine Synthesis 6 - N2-Phosphinvl Guanidine Structure XXI 

[00271] The N2-phosphinyl guanidine compound having Stnicture XXI was prepared using the same 

procedure and millimolar quantities as utilized N2-Phosphinyl Guanidine Synthesis 1 using chloro­
diphenylphosphine and Guanidine E as reagents. The product was a very viscous yellow oil (1.9047g, 

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

N2-Phosphinyl Guanidine Synthesis 7 - N~-Phosphinyl Guanidine Structure VII 

[00272] Triazabicyelo[4.4.0]dee-5-ene (5 mmol, 0.696g) was suspended in 50ml of dry diethyl either 

under an argon atmosphere and cooled in an ice bath. One molar equivalent of butyllithium (2 M, 2.5ml) 

was added drop-wise and the solution was allowed to stir for 2 hours at room temperature. The reaction 

mixture became milky white with a fine white precipitate suspended in solution. After 2 hours, one molar 

equivalent of p-chlorodiisopropylphosphine (5mmol, 0.797ml) was added in one portion and a fme white 

precipitate began to form. This mixture was allowed to stir for one hour at room temperature. Lithium 



WO 2013/184579 PCT/US2013/043902 

140 

chloride was removed by filtration to give a clear and colorless filtrate. Solvent was removed leaving a 

clear and colorless liquid (1.1851g, 92.8 % Yield). NMR (C6D6): 6 3.40 (triplet, 2H), 3.31 (multiplet, 

2H), 3.08 (multiplet, 2H), 2.66 (triplet, 2H), 2.52 (triplet, 2H), 1.53 (multiplet, 2H), 1.47 (multiplet, 2H), 

1.25-1.14 (multiplet, 12H) ppm. 

N2-Pkosykinvl Guanidine Synthesis 8 - N2-Phosphinvl Guanidine Structure XI 

[00273] The N2-pbosphinyl guanidine compound having Structure XI was prepared using the same 

procedure and millimolar quantities as utilized in N2-Phosphinyl Guanidine Synthesis 7 using chloro­

diphenylphosphine and triazabicyclo[4.4.0]dec-5-ene as reagents. After the addition of chlorodiphenyl­

phosphine the reaction mixture became significantly thicker with more precipitate. The ether was 

removed and the white solid was dissolved in dry benzene and filtered. The benzene was removed under 

vacuum to give a white solid that partially melts under warm conditions (1.2646g, 81.2 % Yield). NMR 

(C6D6): 8 7.54 (multiplet, 4I-I), 7.12 (multiplet, 5IT), 3.49 (triplet, 2I-I), 2.88 (triplet, 2H), 2.66 (triplet, 2H), 

2.52 (triplet, 2H), 1.56 (multiplet, 2H), 1.29 (multiplet, 2H) ppm 

N2-Pkosykinyl Guanidine Synthesis 9 - N2-Phosphinvl Guanidine Structure X 

[00274] The N2-phosphinyl guanidine compound having Stnicture X was prepared using the same 

procedure and millimolar quantities as utilized in N^-Phosphinyl Guanidine Synthesis 7 using chloro-

dicyclohexylphosphine and triazabicyclo[4.4.0]dec-5-ene as reagents. The product was a liquid at room 

temperature (1.1409g, 71,0% Yield). NMR (C6D6): 8 3.46 (broad triplet, 2H), 3.27 (triplet, 2H), 2.94 

(broad singlet, 2.H), 2.63 (triplet, 2H), 2.52 (triplet, 2H), 2.02 (broad, 21!). 1.89 (broad multiplet, 4H), 

1,77 (broad doublet, 2H), 1,68 (broad doublet, 2H), 1,52-1.33 (broad multiplet, 14H) ppm. 

N'-Phosyhinyl Guanidine Synthesis 10 - N^-Phosphinyl Guanidine Structure XXIII 

[00275] The N2-phosphinyl guanidine compound having Structure XXIII was prepared using the same 

procedure and millimolar quantities as utilized in N2-Phosphinyt Guanidine Synthesis 7 using chloro-

diethylphosphine and triazabicyclo[4.4.0]dec-5-ene as reagents. The product was a white powder 

(0.8302g, 83.0 % Yield). NMR (C6D6): 8 3.64 (broad singlet, 2I-I), 2.73 (broad singlet, 2H), 2.56 (triplet, 

2H), 2,47 (triplet, 2H), 1.71 (broad multiplet, 2H), 1,49, (multiplet, 2H), 1.31-1.10 (multiplet, 1 OH) ppm, 

N2-Pkosykinyl Guanidine Synthesis 11 - N2-Pfaosphmvi Guanidine Stmcture 1" 

[00276] The Nz-phosphinyl guanidine compound having Structure I was prepared using the same 

procedure and millimolar quantities as utilized in N^-Phosphinyl Guanidine Synthesis 7 using chloro-

diisopropylphosphine and 1,3-di-o-tolylguanidine as reagents. The product was a viscous oil (1.320g, 
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74.3 % Yield). NMR (C6D6): 8 9.05 (broad singlet, 1H), 7.20 (multiplet, 6H), 6.90 (multiplet, 2H), 4.20 

(broad singlet, 1H), 2.28 (singlet, 6H), 0.81-0.69 (multiplet, 12H) ppm. 

of Chromium Trichloride IN~~Phosphiny3 Guanidine Complexes 

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 sodium-benzophenone to eliminate water and 

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

N2-Phosphinyl Guanidine Chromium Trichloride Complex Synthesis 1 -N^-Phospliinyl Guanidine 

Chromium Trichloride Complex Stmcture CrCUGu XIX 

[00278] CrCl3(THF)3 (0.5mmol, 0.1873g) was suspended in 25ml of toluene in a 50ml Schlenk flask to 

give a dark purple solution with suspended solids. One molar equivalent of the Nz-phosphinyl guanidine 

compound having Stmcture XIX was transferred to the flask. The mixture was stirred for three days and 

was then filtered through a fritted funnel and washed with pentane to give a dark green solid (0.1470g, 

49.5 % Yield). 

Chromium Trichloride Complex Structure CrCUGu XVHl" 

[00279] CrCl3(THF)3 (0.5mmol, 0,1873g) was dissolved in 25ml of tetrahydrofuran in a 50ml Schlenk 

flask to give a clear, purple solution. One molar equivalent of the N2-phosphinyl guanidine compound 

having Structure XVIII was transferred to the flask. The mixture immediately changed color from clear 

and purple to very dark green. The reaction was allowed to stir for one hour to ensure the reaction 
continued to completion. The resulting solution was filtered to give a clear solution. The solvent was 

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

N2-Pkosohinvl Guanidine Chromium Trichloride Complex Synthesis 3 -- N~-Phosphmvl Guanidine 

Chromium Trichloride Complex Structure CrCUGu XVII 

|00280] The N^-phosphinyl guanidine chromium trichloride complex having Structure XVII was 

prepared using the same procedure and millimolar quantities as utilized in N1-Phosphinyl Guanidine 

Chromium Trichloride Complex Synthesis 2. using the N'-phosphinyl guanidine compound having 

Structure XVII, The procedure provided a dark blue solid (0.2699g, 85,1 % Yield). 
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N2~Phosphinvl Guanidine Chromium Trichloride Complex Synthesis 4 - N':-Phosphinvl Guanidine 

Chromium Trichloride Complex Structure CrCkGu XXII 

[00281] The N2-phosphinyl guanidine chromium trichloride complex having Structure XXII was 

prepared using the same procedure and millimolar quantities as utilized in -Phosphinyl Guanidine 

Chromium Trichloride Complex Synthesis 1 using the N^-phosphinyl guanidine compound having 

Structure XXII. The procedure provided a blue solid (Q.lQ07g, 27.0 % Yield). 

Chromium Trichloride Complex Structure CrCUGu XX 

[002821 The N^-phosphinyl guanidine chromium trichloride complex having Structure XX was 

prepared using the same procedure and millimolar quantities as utilized in N2-Phosphinyl Guanidine 

Chromium Trichloride Complex Synthesis 2 using the N2-phosphinyl guanidine compound having 

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

N*-Phosphinyl Guanidine Chromium Trichloride Complex Synthesis 6 - N2-Phosphinyl Guanidine 

Chromium Trichloride Complex Stmcture CrCUGu XXI 

[00283] The Nz-phosphinyl guanidine chromium trichloride 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 N2-phosphinyl guanidine compound having 

Stnicture XXI. The procedure provided a green solid (0,2885g, 82.5 % Yield). 

N2-Phosphinyl Guanidine Chromium Trichloride Complex Synthesis 7 -- N2-Phosphiiivl Guanidine 

Chromium Trichloride Complex Structure CrCUGu VII 

|00284] The N2-phosphinyl guanidine chromium trichloride complex having Structure VII was 

prepared using the same procedure as utilized in -Phosphinyl Guanidine Chromium Trichloride 

Complex Synthesis 2. except the procedure utilized 2.0 mmoies of the N2-phosphinyl guanidine compound 

having Structure VII and 2.0 mmoies of CrCl3(THF)3. The procedure provided a greenish- blue solid 

(0.8721g, 89.9 % Yield). 

N*-Phosphinyl Guanidine Chromium Trichloride Complex Synthesis 8 - N2-Phosphinyl Guanidine 

Chromium Trichloride Complex Stmcture CrCUGu XI 

[00285] The N2-phosplimyl guanidine chromium trichloride complex having Stnicture XI was 

prepared using the same procedure as utilized in -Phosphinyl Guanidine Chromium Trichloride 

Complex Synthesis 2 except the procedure utilized 2.0 mmoies of the N2-phosphinyl guanidine compound 
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having Structure XI and 2.0 mmoies of CrCl3(THF)3. The procedure provided a dark blue solid (1.081, 

86.0 % Yield). 

. V~ -Phosphlit yl Guanidine Chromium Trichloride Complex Synthesis 9 - N^Pfaospfainyl Guanidine 

Chromium Trichloride Complex Structure CrCi3Gu X 

[00286] The N2-phosphinyl guanidine chromium trichloride complex having Stmcture X was prepared 

using the same procedure and millimolar quantities as utilized in N2-Phosphinyl Guanidine Chromium 

Trichloride Complex Synthesis 2 using the N^-phosphinyl guanidine compound having Structure X. The 

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

\ '~hosphiny! Guaniding Chromium Trichloride Complex Synthesis 16 - X •r'hosphinvi Guanidine 

Chromium Trichloride Complex Structure CrCUGu XXIII 

|00287] The Nz-phosphinyl guanidine chromium trichloride complex having Structure XXIII was 

prepared using the same procedure and millimolar quantities as utilized in N"1-Phosphinyl Guanidine 

Chromium Trichloride Complex Synthesis 2 using the N2--phosphmyi guanidine compound having 

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

N2-Phosphinyl Guanidine Chromium Trichloride Complex Synthesis 11 - N2-Phosphinvl Guanidine 

Chromium Trichloride Complex Stmcture CrCUGu 1 

[00288] The Nz-pliosphinyl guanidine chromium trichloride complex having Stmcture I was prepared 

using the same procedure and millimolar quantities as utilized in N2-Phosphinyl Guanidine Chromium 

Trichloride Complex Synthesis 2 using the N2-phosphinyl guanidine compound having Stmcture I. The 

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

Olefin Oligomerization 

[00289] The N2-phosphinyl guanidine compounds and N2-phosphinyl guanidine metal salt complexes 

were utilized as prepared using the methods described herein. The MMAO-3A (7 wt% aluminum in 

heptanes) was utilized as obtained from the chemical supplier Akzo-Nobel. The solvents were dried 

and/or purified using conventional methods and stored under conditions to limit their ability to pick-up 

water. In the product analyses, reference to an amount of C6 or Cg products refer to all oligomer products 

having 6 or 8 carbon atoms, respectively, within the oligomer product. References to weight percent of 1-

hexene or 1-octene refer to the weight percent of 1 -hexene or 1-octene in the C6 or Cg product portion of 
the oligomer product, respectively (e.g., product purities). 
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Ethylene Olieomerization Run-Standard Method 
[0029O| A 1L stainless steel reactor was dried under vacuum at 110 °C for at least 8 hours prior to use. 

The reactor was then cooled to 50 °C. In the dryhox, a 20 mL glass vial was charged with an 

N"-phosphinyl guanidine metal salt complex and ethylbenzene (1.0 g). MMAO-3A (3.3g, 7.6 wt% A1 

solution in heptanes) was added to the blue heterogeneous solution of the N2-phosphinyl metal salt 

complex resulting in formation of a yellow solution. The catalyst system was then allowed to set 

overnight (approxiamately 18 hours). The yellow solution was then added to 0.5 L glass charger 

containing 400ml cyclohexane. This solution was removed from the drybox and charged into the reactor. 

Hydrogen (50 psig) was added followed by ethylene (850 psig, fed on-demand). The reaction was 

allowed to proceed for 30 minutes (starting from the introduction of ethylene) at 50 °C. After 30 minutes, 

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-FID; for this ran ethylbenzene was used as the internal standard. Solids were collected by filtering 

the solution and cleaning the reactor walls and cooling coil. The N2-phosphinyl guanidine metal salt 

complexes and amount of materials utilized for each ethylene oligomerization are provided are 

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

Table 4 - Ethylene Oligomerization Runs 

Complex Structure Designation CrCl;, • THF 
Gu VII 

CrCl, - THF 
Gu XI 

CrCl 3 • THF 
Gu XI 

CrCl 3 • THF 
Gul 

Catalyst System and Oligomerization Parameters 

MW complex (g/'mole) 484.79 623.92 623.92 656.01 

trig complex 5 6 6 6 

mmol complex 0.0103 0.0096 0.0096 0.0091 

mg Cr 0.54 0.50 0.50 0.48 

MMAO (g 7.6 wt. % 
A1 solution in heptanes) 3,3 3.3 3.3 3.3 

Al:Cr molar ratio 600 600 600 600 

Bulk solvent 0,4 L, cyH 0.4 L, cyl-I 0.4 L, cyH 0.4 L, cyH 

rxn time (min) 20 2.0 20 30 

C H: (psig) 875 875 875 875 

H2 (psig) 25 25 25 25 

rxn temp (°C) 70 70 70 70 

Product Analysis 
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g polymer 0.6 

g 11 quid product 101.7 

Polymer 0.6 

Carbon Number Distribution 

C&, (wt. %) 61.4 

Cg, (wt. %) 30.3 

C10s (wt.%) 1.3 

Cj?, (wt. %) 0.7 

Ci4+, (wt. %) 0,3 

(C6+C8) (wt. %) 97.7 

Productivity (C6+C8) 185,300 

purity C6 (wt. %) 91.51 

purity Cg (wt. %) 97.66 

0.4 

7.4 

33.6 

36.8 

7.3 

5.9 

16,4 

70.4 

7,000 

46.01 

84,59 

0.6 

6.4 

8.6 

37.0 

41.7 

7.2 

9.0 

5.1 

78.7 

10,100 

44.74 

84.96 

2.4 

15,1 

13.7 

60.7 

26.9 

2.2 

1.6 

8.6 

87.6 

27,800 

94.13 

96.71 
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CLAIMS 

hat is claimed: 

A composition comprising an N2-phosphinyl guanidine metal salt complex comprising a chromium 

salt compiexed to an JST-phosphinyl guanidine compound. 

groups, 

R3 is hydrogen or a Ci to C30 organyl group consisting essentially of inert functional groups, 

R4 and R' each independently are Ci to CJO organyl groups consisting essentially of inert functional 

groups, 

CrXp represents a chromium salt where X is a monoanion, and p ranges from 2 to 6, and 

Q is a neutral ligand, and q ranges from 0 to 6. 

The composition of claim 2, wherein 

a) R[ and R2a can be joined to form a ring or a ring system, 

b) R"'a and R2b can be joined to form a ring or a ring system, 

c) R2D and RJ can be joined to form a ring or a ring system, or 

d) Rl and R^ can be joined to form a ring or a ring system and Rib and R" can be joined to form a 

ring or a ring system. 

The composition of claim 2, wherein the N2-phosphinyi guanidine metal salt complex has the 

general structure: 

R1 

ii 
wherein: 

R' is a Cj to C30 organyl group, 

R2?" and Rzb independently are C'i to C30 organyl groups consisting essentially of inert functional 
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4? 
wherein I/2 and L23 independently are C2 to Ci5 organylene group consisting of inert functional 

groups, 

5. The composition of claim 1, wherein the chromium salt comprises a chromium(ITl) carboxylate, a 

chromium(IIi) p-diketonate, or a chromium(III) halide. 

6. The composition of claim 1, wherein the chromium salt comprises a chromium(III) halide. 

7. The composition of claim 2, wherein Q comprises a Ci to C2o nitrile or a Q to C40 ether. 

8. The composition of claim 2, wherein CrXP comprises a chromium(Iil) halide and each Q 
independently is a C2 to C30 aliphatic acyclic ether or a C3 to C30 aliphadc cyclic ether, 

9. The composition of claim 1 wherein the N2-phosphinyl guanidine metal salt complex has the 

structure: 

10. A catalyst system composition comprising: 

a) an Nz-phosphinyl guanidine metal salt complex comprising a chromium salt compiexed to an 

N"-phosphinyl guanidine compound; and 

b) a metal alkyl compound. 

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

aluminoxane. 

12. The catalyst system composition of claim 11, the aluminoxane comprises methylaluminoxane, 

modified methylaluminoxane, ethyialuminoxane, n-propylaluminoxane, iso-propylaluminoxane, n-
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butyl aluminoxane, sec-butylaluminoxane, iso-butylaluminoxane, t-butyl aluminoxane, 1-pentyl-

aluminoxane, 2-pentylaluminoxane, 3-pentylaluminoxane, iso-pentylaluminoxane, 

neopentylaluminoxane, and mixtures thereof. 

13. The catalyst system composition of claim 11, wherein the metal alkyl comprises modified 

metby lalumi n oxan e. 

14. The catalyst system composition of claim 12, wherein an aluminum of the aluminoxane to 

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

15. A process of preparing a catalyst system composition comprising contacting an JST-phosphinyl 

guanidine metal salt complex and a metal alkyl compound. 

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

of an olefin for at least 15 minutes. 

17. The process of claim 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 c) increased oligomerization catalytic activity and a 

reduced percentage of produced polymer when compared to an otherwise similar catalyst system 

that has not been aged. 

18. An oligomerization process comprising: 

a) contacting 

i) an olefin, and 

ii) a catalyst system comprising 

(a) N~-phosphinyl guanidine metal salt complex comprising a chromium salt 

compiexed to an N2-phosphinyl guanidine compound, and 

(b) a metal alkj'i compound, 

to form an oligomer product; and 

b) recovering an oligomer. 

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

an oligomer product. 
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2.0. The process of claim 18, wherein the oligomer product is formed at a temperature ranging from 
20 °C to 150 °C. 

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

comprises a liquid oligomer product comprising from 60 to 99.9 wt. % C6 and C« olefins, 

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

comprises at least 90 wt, % 1 -hexene. 

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

comprises at least 90 wt. % 1 -octene. 

24. The process of claim 18, wherein the catalyst sy stem, the olefin, and hydrogen are contacted to form 

an oligomer product, 

wherein the olefin comprises ethylene 

wherein the oligomer product is formed at 

(a) an ethylene partial pressure ranging from 150 psig to 2,000 psig. 
(b) a hydrogen partial pressure ranging from 5 psig to 400 psig, and 

(c) a temperature ranging from 20 °C to 150 °C, and 

wherein the oligomer product comprises a liquid oligomer product comprising from 60 to 99.9 wt. 

% wt. % Ce and Cg olefins, a C6 oligomer product comprises at least 90 wt. % 1 -hexene and a Cg 

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


