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

TECHNICAL FIELD

[0001]  This disclosure relates to N-phosphinyl guanidine compounds and metal salt complexes of
N-phosphinyl guanidive compounds. The disclosure alse relates to methods of producing the N-
phosphinyl guanidine compounds and metal salt complexes of N'-phosphinyl guanidine compounds. The
disclosure further relates to catalyst systems utilizing the N™-phosphinyl guanidine compounds, metal salt
complexes of N -phosphinyl guanidine compounds, and their use in the oligomerization or

polymerization of olefins.

BACKGROUND

10002]  Olefins are important items of commerce. Their many applications include employment as
intermediates in the mancfacture of detergents, as precursors to more envircnmentally-friendly refined
oils, as monomers, and a8 precursors for many other types of products. An important subset of olefins are
alpha-olefins, and one method of making alpha olefins s via oligomerization of ethylene, which is a

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

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

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

SUMMARY
10004  In an aspect, the present disclosure is directed to an N’-phosphinyl guanidine metal salt
complex comprising a metal salt complexed to an N -phosphinyl guanidine compound; or alternatively, a
chromium salt complexed to an N -phosphiny! guanidine compound. fn ancther aspect, the present
disclosure is directed to a composition comprising an N'-phosphinyl guanidine metal salt complex
comprising a chromium salt complexed to an N phosphinyl guanidine compound. In some
embodiments, the N -phosphinyl goanidine metal salt complex can have Structure MGul, Structure
MGu2, Structure MGu3, Structure MGud, or Structure MGuS; or alternatively, can have Structure
CrGul, Structure CrGu?, Stoucture Ce(Gu3, Structure CrGud, or Structure CrGus. To some embodiments,
where the metal salt is a chromium salt, the chromium salt can comprise a chromuum(lil) carboxylate, a

chromium(H1) B-diketonate, or a chrompom({HI} habide; or alternatively a chrominm{HI) halide.
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[B805]  In another aspect, the present disclosure is directed to a catalyst systern comprising an N-
phosphinyl guanidine metal salt complex comprising a metal salt complexed to an N’-phosphinyl
ouanidine compound and a metal alkyl compound; or alternatively, chromium salt complexed to an N'-
phosphinyl goamdine compound and a metal alkyl conmpound. In some embodiments, the metal alkyl
compound can be an alumimoxane. In some embodiments, sluminoxane can comprise methyl-
afunuinoxane (MAQ), modified methylaluminoxane (MMAQ), ethylaluminoxane, n-propyialuninoxane,
iso-propylaluminoxane, p-butylaluminoxane, sec-butylaluminoxane, iso-butylaluminoxane, t-butyl
aluminoxane, [-pentylaluminoxane, 2-pentylaluminoxane, 3-pentylaluminoxane, 1so-pentvialuminoxane,
neopentylahmmnoxane, and mixtures thereof, or alternatively, moditied methylabinninoxane (MMAGQG). In
a further aspect, the present disclosure ts divected to processes of preparing a catalyst system comprising
contacting an N’-phosphinyl gnanidine metal salt complex and a metal alkyl compound; or altematively,
contacting an N’-phosphinyl guanidine chromium salt complex and a metal alkyl compound. In an
embodiment, the catalyst system can be aged in the substantial absence of an olcfin,

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

comprising a) contacting 1) an olefin, and ii) a catalyst systern comprising (a) an N*-phospbinyl guanidine
metal salt complex {or alternatively, an N'-phosphinyl guanidine chromium salt complex), and (b) a metal
atkyl compound {or alternatively, an alununoxane), 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 ethvlene. In an embodiment where
the olefin comprises ethylene, the cligomer product can comprise a Higuid oligomer product comprising
from 60 to 99.9 wt. % (g and Gy olefins. In another embodiment where the olefin comprises ethylene, a
Cs oligomer product can comprise at teast 90 wt. % 1-hexene; or alternatively, a Cyg oligomer product

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

Definitions

{8067]  To define more clearly the terms used heretn, the following defimitions are provided. Unless
otherwise indicated, the following definitions are applicable to this disclosure. If a tero s used i this
disclosure but is not specifically defined herein, the definition from the [UPAC Compendivm of Chemical

nd

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

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

herein controls.

[B0068]  Groups of elements of the Periodic Table are indicated using the mumbering scheme indicated
in the version of the periodic table of cloments published 1o Chemical and Engieering Neows, 63(5), 27,
1985, In some instances a group of elements can be ndicated using a comnion name assigoned fo the
group; for example alkali metals for Group 1 clements, alkaline carth metals for Group 2 elements,
transition metals for Group 3-12 clements, and halogens for Group 17 elements.

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

35 &%

synonymous with “including,” “containing,” “having,” or “characterized by,” 18 inclusive ot open-ended
and does not exchade additional, unrecited elements or process steps. The traosttional phrase “consisting
of” excludes any element, step, or ingredient not specified in the clatm.  The traositional phrase
“consisting essentially of” limits the scope of a claim to the specified materials or steps and those that do
not materially aftect the basic and novel characteristic(s) of the claimed invention. A “consisting
essentially of” claim occupies a nuddle ground between closed claims that are written in a “consisting of”
format and fully open claimg that are drafted in a “comprising” format. Absent an mdication to the
contrary, when describing a compound or composition “consisiing essentially of” s not to be construed as
“comprising,” but is mtended to describe the recited component that includes materials which do not
significanthy alter the composition or process to which the term is applied. For example, a feedstock
consisting of a material A can include tmpurities typically present in a commercially produced or
cormnmercially available sarople of the recited compound or composition. When a claim includes different
features and/or feature classes (for example, a process step, feedstock features, and/or product features,

among other possibilities), the transitional terms comprising, consisting essentially of, and consisting of

o~

apply ounly to the feature class which 1s utilived and it 15 possible to have different transitional terms or
phrases utilized with different features withio a claim.  For example, a process can comprise several
ecited steps {and other non-recited steps) but utilize a catalyst system preparation consisting of specific
or alterpatively consist of specific steps and/or utilize a catalyst system comprising recited components

and other non-recited components.

[6016]  Whle conpositions and methods are desenbed in terms of “comprising” various components
or steps, the compositions and methods can also “consist essentially of” or “copsist of” the various

components or steps.

18013]  The terms “2,” “an,” and “the”™ are intended, unless specifically indicated otherwise, to include

plural alternatives, e.g., at least one. For instance, the disclosure of “a trialkylaluminam compound” is
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meant to encompass one trialkylalurinum compound, or mixtures or combinations of motre than one

triaticylalomimim compound voless otherwise specified.

{0012} Herein, featores of the subject matter can be described such that, within particular aspacis
and/or embaodiments, a combination of different features may be envisioned. For each and every aspect
and/or embodiment disclosed heremn, all combivations of features that do not detrimentally affect the
corppounds, processes, and/or moethods described heremn 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.

[8013]  For any particular compound disclosed herein, the general striucture or name presented i3 also
mtended to encompass all structural isomers, conformational isomers, and stercoisomers that can arise
from a particular set of substituents, unless indicated otherwise. Thus, a general reference to a compound
mcludes all structoral isomers unless explicitly indicated otherwise; e.g., a general reference to pentane
includes n-pentane, 2-moethyi-butane, and 2,2-dimethylpropane while a general reference to a butyl group
mocludes an n-butyl group, a sec-butyl group, an se-butyl group, and a tert-butyl group. Additionally, the
reference to a general structore or name encompasses all enantiomers, diastereomers, and other optical
isomers whether i enantiomenc or racemuc forms, as well as muxtures of stereoisomers, as the context
permits or vequiires.  For any parbicular formula or name that 18 presented, any geoeral formula or name
prosented also enconpasses all conformational isomers, regioisomers, and stereoisomers that can arise

from a particular set of substifuents,

{8014 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 18 not literally synthesized in thus manner.
These groups can be utilized as substifuents 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 aikane,
while an “alkylenc group” formally can be denived 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 i this example
can be described as an “atkane group,” and which encompasses an “alkyl group,” an “alkylene group,”
and materials bave three or more hydrogen atoms, as necessary for the situation, removed from the
atkane. Throughout, the disclosure that a substituent, ligand, or other chemical moiety can constitute a

particular “group” mmplies that the well-known rules of chemical structure and bonding are followed when
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that group 18 employed as described. When describing a group as bemg “derived by,” “derived from,”
“formed by,” or “formed from,” such terms are uvsed in a formal sense and are not intended to reflect any

specific synthetic methods or procedure, vnless specified otherwise or the context requires otherwise.

{B015]  The term “substituted” when used to describe a group, for example, when referring to a
substituted analog of a particular group, s intended to describe any noo-hydrogen motety that formally
replaces a bydrogen in that group, and is intended to be nou-limiting. A group or groups can also be
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 groop.
“Substituted” 1s intended to be non-limiting and include inorganic substituents or organic substituents.
Moreover, other identifiers or qualifying terms can be utilized to ndicate the presence or absence of a
particular substitucut, a particular regiochenustry and/or stereochemistry, or the presence or absence of a

branched underlying structure or backbone.

—N
AW
[0016] A guanidine group is a group having the general structure *7 . Within the guanidine

core, the nifrogen participating in a double bond with the central carbon atom is referred to as the N
nitrogen and the two nitrogen atoms participating in a single bond with the central carbon atom are
referred to as the N° nitrogen and the N” nitrogen. Similarly, the groups attached to the N', N” and N

1
o

. -~ - 2 w13 . D .
nitrogen atoms are referred to as the N group, N° group, and N group respectively.  An N -phosphiny!

4
/
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guanidine group has the general structure . Within ap N -phosphiny! guanidine group, the

nitrogen participating in a double bond with the central carbon atom of the guanidine core s referred to as
the N' nitrogen, the nitrogen atom participating in a single bond with the central carbon atom of the
guanidine core and a bond with the phosphorus atom of the phosphinyl group is referred to as the N?
nmitrogen, and the remaining nirogen atom participating in a single bond with the central carbon atom of
the guanidine core is referred to as the N’ nitrogen. It should be noted that a guanidine core or an
N’ -phosphiny! guanidine group can be a portion of a larger group (or compound) which does not contain
suanidine in it name. For example, while the compound 7-dimethyiphosphinyiimidazo[1,2-alimidarole
could be classified as a compound having an inudazo[1,2-ajimidazole core {or a compound having a
phospbinylivudazo{1,2-a]mudazole group), 7-dimsthylphospbinylivnidaze{1,2-a]ivudazole would stil be

classified as a compound having a guaniding core {(or as a compound having an N -phosphinyl guaniding
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group) since it contains the defined goveral structure of the guanidine core {or the N™-phosphinyl

guaniding group).

{80177 The term “organyl group” is used herein in accordance with the defimtion specified by
IUPAC: an organic substituent group, regardless of functional type, having one free valence at a carbon
atom. Sioularly, an “organyiene group” refers to an organic group, regardliess of functional type, derived
by removing two bydrogen atoros from an organic compound, etther two hydrogen atonws from one
carbon atom or onc hydrogen atom from cach of two different carbon atoms. An “organic group” refers
to a generalized group formed by removing one or more hydrogen atoms from carbon atoms of an organic

o

comppound.  Thus, an “organyl group,” an “organviene group,” and an “organic group” can contain
organic functional group(s) and/or atom(s) other than carbon and hydrogen, that 1, an organic group can
corpprise functional groups and/or atoms in addition to carbon and hyvdrogen. For instance, non-limiting
¢xaraples of atoms other than carbon and hvdrogen tnclude halogens, oxygen, nitrogen, phosphorus, and
the like. Non-hmuting examples of functional groops include cthers, aldehydes, ketones, esters, sulfides,
amines, phosphines, and so forth. In one aspect, the hydrogen atom(s) removed to form the “organyl
group,” “organmylene group,” ot “orgavic group” can be aftached to a carbon atom belonging to a
functional group, for example, an acyl group (-C{OR}, a formyl group (-C(O3H), a carboxy group
(-C{GYOH), a hydrocarboxyearbonyl group ((C{O)OR), a cyano group (-C=N), a carbamoyl group
{(-C{O)NH;), an N-hydrocarbylcarbamoy!l group ((C{ONHR), or NN'-dihvdrocarbylcarbamoyl group
(-C{O)NR,), among other possibilities. In another aspect, the hydrogen atom(s) removed to form the
“organyl group,” “organylene group,” ot “organic group” can be attached fo a carbon atom not belooging
to, and remote from, a functional group, for example, -CH,C(O)YCH;, -CHLNR,, and the ke, An “organyl
group,” “organylene group,” or “organic group” can be aliphatic, inclusive of being cyclic or acyclic, or

2% kG >

can be aromatic. “Organyl groups,” “organvienc groups,” and “organic groups” also enconpass

beteroatonv-containing  rings, hetercatoni-containing  rimg  systerns, heteroarompatic  rings, and

%9 4%

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

%9 4%

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

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

23 4¢,

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

3

{8018]  For the purposes of this application, the ferm 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

corppound and/or are inert under the process conditions defived herein. Thus, the term or variation of the
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term “organyt group consisting of inert functional groups” further defines the particular organyl groups
that can be present within the organyl group consisting of inert funciional groups. Additionally, the term
“organyl group consisting of inert functional groups”™ can refer to the presence of one or more inert
functional groups within the organyl group. The term or vanation of the term “organyl group consisting
of mert functional groups” defimtion inchudes the hydrocarbyl group as a member (among other groups).
Sumitarly, an “organylene group consisting of inert functional groups™ refers o ap organic group formed
by removing two hydrogen atoms from one or two carbon atoms of an organic compound consisting of
mert functional groups and an “organic group consisting of inert functional groups” refers to a
generalived organic group consisting of imert functional groops formed by removing one or more
bydrogen atoms from one or more carbon atoms of an organic compound consisting of 1nert functional

STOups.

18019}  For purposcs of this application, an “inert functional group” is a group having a free valence
on a heteroatom which 1) does not substantially interfere with the process described herein in which the
material having an inert functional group takes part and/or 1) does not complex with the metal salt of the
metal salt complex. The term “does not complex with the metal salt of the meatal 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 sait due to positional relaticnship of the inert function group within a
figand. Thus, the inertness of a particular functional group is not only related to the functional group’s
mherent mability to complex the metal compound but can alse be related to the functional group’s
position within the metal salt coroplex. Non-liouting examples of wnert functional groups which do not
substantially interfere with processes described herein and/or it) do not complex with the metal salt of the
metal salt complex can include a habide (fluoride, chloride, bromude, and iodide), nitro, hydrocarboxy
aroups (e.g, alkoxy, and/or aroxy, among others), and/or hydrocarbosulfidyl groups (e.g., RS-), among

others.

{0020}  The tero “hydrocarbon” whenever used o this specification and claims refers to a compound
contaming only carbon and hydrogen. Other identifiers can be utilized to indicate the presence of
particular groups in the hydrocarbon (e.g., halogenated hydrocarbon indicates that the presence of one or
more halogen atoms replacing an equivalent number of hydrogen atoms 1o the hydrocarbon). The term
“hydrocarbyl group” i1s used berein in accordance with the definition specified by IUPAC: a univalent
eroup formed by removing a hydrogen atom from a hydrocarbon. Non-limiting examples of hydrocarbyl
groups inchude ethyl, phenyl, tolyl, propenyl, and the hke. Simlarly, a “hydrocarbylene group” refers to a
group formed by removing two hydrogen atoms from a hydrocarbon, either two hydrogen atoms from ong

carbon atom or one hydrogen atom from each of two different carbon atoms. Therefore, in accordance
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with the terounology used herein, a “hydrocarbon group” refers to a generalized group formed by
removing one of 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 inclode rings, ring systems, aromatic rings, and aromatic ring systems, which contain only
carbon and hydrogen. “Hydrocarbyl groups,” “hydrocarbyiene groups,” and “hydrocarbon groups”
include, by way of example, aryl, arviene, arene, alkyl, alkylene, alkane, cycloalkyl, cycloatkylene,

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

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

29 65,

more hydrogen atoms (as necessary for the particular groap) from an alkane. An “alkyl group,” “alkylene
eroup,” and “alkane group” can be acyclic or cyclic groups, and/or can be linear or branched uniess
otherwise specitied. Primary, secondary, and terfiary alkyl groups are derived by removal of a hydrogen
atom from a primary, secondary, tertiary carbon atom, respectively, of an alkane. The n-alkyl group can
be derived by removal of a hvdrogen atom from a terminal carbon atom of a linear alkane. The groups

RCH, (R # H), R,CH (R # H), and R:C (R # H) represent exemplary primary, secondary, and tertiary

atkyl groups, respectively.

{80221 A cycloalkane is a saturated cyclic hydrocarbon, with or without side chains, for example,
cyclobutane. Unsaturated cyclic hydrocarbons having one or more endecychic 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 wdentified by use of the
term “mong,” “di,” “ti, otc ... within the name of the cycloalkene or cycloalkyne. Cycloalkenes and
cycloatkynes can further identify the position of the endocyclic double ot triple bouds,

180231 A “cycloalkyl group™ is a umivalent group derived by removing a hydrogen atom from a ring
carbon atom of a cycloalkane. For example, a [-methyleyclopropyl group and a 2-methyleyclopropyl

group are illustrated as follows.
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Similarly, a “cycloalkylene group” refers to a group derived by removing two hydrogen atoms from a
cycloalkane, at least one of which is a ring carbon. Thus, a “cycloalkylene group™ ncludes both a group
derived from a cycloalkane in which two hydrogen atons are formally removed from the same ring
carbon, a group derived from a cycloalkane i which two hyydrogen atoms are formally removed from two
different ring carbons, and a group derived from a cycloatkane in which a first bydrogen 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 “cvcloalkane group” refers to a generalized group formed by removing one or more
hydrogen atoras {as necessary for the particular group and at least one of which is a ring carbon) froma
cvcloafkane. It should be noted that according to the defintions provided herein, general cycloatkane
groups (ncluding cycloalkyl groups and cycloalkylene groups) inchide those having zero, one, or more
than one hydrocarbyl substitoent groups attached to a cycloatkane ring carbon atom (e.g., a
methyloyclopropyl group) and is member of the group of hydrocarbon groups. However, when referring
to a cycloalkane group having a specified sumber of cycloatkane ring carbon atoms {e.g., cyclopentane
group or cyciohexane 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 ning 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 ove or mwore substituent
eroups {inchiding halogens, hydrocarbyl groups, and/or bydrocarboxy groups, among other substituent
groups) attached to a cycloalkane group ring carbon atom. When the sabstituted cycloalkane groop
having a defined mumber of cycloalkane ring carbon atoms is a member of the group of hydrocarbon
groups {or a member of the general group of cycloatkane groups), each substituent of the substituted
cycloatkane group having a detined 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).

{8024]  The term “olefin” whenever used in this specification and claims refers to compounds that
have at feast one carbon-carbon double bond that s not part of an aromatic ring or ring system. The term
“olefin” inchudes aliphatic and aromatic, cyclic and acyclic, and/or linear and branched compounds

having at least one carbon-carbon double bond that 1s not part of an aromatic ring or ring systom undess
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specifically stated otherwise. The term “olefin,” by itself, does not indicate the presence or absence of

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

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

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

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

[B025]  The term “alkene” whenever used in this specification and claimg refers a linear or branched

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

25 &% 29 65

two, only three, ete... sach multiple bond can be identified by use of the term “mone,” “d,” “trl,” ete ...
within the name. For example, alkamonoenes, alkadiencs, and alkatricnes vefer to a hnear or branched
hydrocarbon olefins baving only one carbon-carbon double bond (general forowla CH,), only two

21,

carbon-carbon double bonds (general fornwla C H...), and only three carbon-carbon double bonds
(general formula C H,,.), respectively. Alkenes can be further identified by the position of the carbon-
carbon double bond(s). Other identifiers can be utilized to indicate the presence or absence of particular
groups within an alkene. For example, a haloalkene refers 10 an alkene having one or more hydrogen

atoms replace with a balogen aton,

10026]  An “alkenyl group” is a univalent group derived from an atkene by removal of a hydrogen
atom from any carbon atom of the alkene. Thas, “alkenyl group” inclodes groups 1 which the hydrogen
atom is formally removed from an sp” 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, T-propenyt (-CH=CHCH;), 2-propenyt [{CH;C=CH,], and 3-propenyl (-CH,CH=CH,) 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 alkens, either two hydrogen atoms from one
carbon atorn or one hydrogen atorn from two different carbon atoms.  An “alkene group” refers to a
generalized group formed by removing ove or more hydrogen atoms {as necessary for the particular
eroup} 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 regiochemustry 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 wdentified by the

position of the carbon-carbon double bond.
16827} The term “alphsg olefin™ as used in this specification and claims refers to an olcfin 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 uniess expressly stated
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otherwise. In the case of branched alpha olefins, a branch can be at the 2- positicn (a vinyiidene} and/or
the 3-position or higher with respect o the olefin double bond. The term “vinylidene” whanever used 1
this specification and claims refers to an alpha olefin having a branch at the 2-position with respect to the
olefin double bond. By itself, the term “alpha olefin” does not indicate the presence or absence of
hetercatoms and/or the presence or absence of other carbon-carbon double bonds unless explicitly
tndicated. The terms “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 stom. The term “lnear alpha oletin” by itself does not
todicate the presence or abseoce of hetercatoms and/or the presence ot absence of other carbon-carbon
double bonds, unless explicitly indicated. The ternw “linear bydrocarbon alpha olefin”™ or “linear alpha

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

18029] The term “normal alpha olefin” whenever used i this specification and claims refers to a
fincar hydrocarbon mono-olefin having a carbon carbon double bond between the first and second carbon
atoot. It is poted that “normal alpha olefin” s not synonymous with “linear alpha olefin” as the term
“hnear alpha olefin” can include linear olefinic compounds having a double bond between the first and

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

{8036  The term “congists essentiatly of normal alpha olefin{s),” or variations thereof, whenever used
mn this specification and claims vefers to conmercially available normal alpha olefin product(s). The
comunercially avatlable normal alpha olefin product can contain non-normal alpha olefin tmpurities such
as vinylidenes, internal olefins, branched alpha olefins, paraffins, and diolefins, among other tmpurities,
which are not removed dunng the normal alpha olefin production process. One readily recognizes that
the wdentity and guantity of the specific opurities present m the commercial normal alpha olefin product
wifl depend upon the source of commercial normal alpha olefin product.  Consequently, the term
“consists essentially of normal alpha olefins” and #s variants 1s not ntended to limut 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.

18031] A “heterocvclic compound” 18 a cyclic compound having at {east two different clements as
ring member atoms. For example, heterocyclic compounds can comprise rings containing carbon and
nttrogen (for example, tetrabydropyrrole), carbon and oxygen (for example, tetrahydrofuran), or carbon
and sulfur (for example, tetrahydrothiophene), among others. Heterocyclic compounds and heterocyche

groups can be either aliphatic or aromatic.
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18032] A “heterocyelyl group” is a univalent group formed by removing a hydrogen atom from a
heterocyclic ring or ring system carbon atorn of a beterocyclic compound. By specifying that the
bydrogen atom is removed from a heterocyclic ring or ring system carbon atom, a “heterceyclyl group” is
distinguished from a “cycloheteryl group,” in which a hydrogen atom is removed from a heterocyclic ring
or ring system hetercatom. For example, a pyrrolidin-2-yl group illustrated below is one example of a

“heterocyclyl group,” and a pyreclidin-1-yt group ilfustrated below is one exanple of a “cycloheteryl

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

Simularty, a “heterocyelylene group” or more simply, a “heterocycliene group,” refers to a group formed
by removing two hydrogen atons from a heterocychic compound, at least one of which 5 from a
heterocyclic ring or ring system carbon. Thus, i a “heterocyclylene group,” at least one hydrogen is
removed from a heterocyclic ring or ring system carbon atom, and the other hydrogen atom can be
removed from any other carbon atom, jncluding for example, the same heterccyclic ring or ring system
carbon atom, a different heterocyclic ring or ting system ring carbon atom, or & npon-ring carbon atoms. A
“heterocyeclic group” refers to a generalized group formed by removing one or more hydrogen atoms {(as
necessary for the particular grovp and at least one of which 18 a heterocyclic ning carbon atom} from a
heterocyclic compound.  Generally, a heterocychic compound can be aliphatic or aromatic unless

otherwise specificd.

{80331 A “‘cyclobeteryl group” is a univalent group formed by removing a hydrogen atom from a
heterocyclic ring or ring system heteroatom of a heterocyclic compound, as tlusirated. By specifying that
the hydrogen atom is removed from a heterocyclic ring or nng system heteroatom and not from a ring
carbon atom, a “cyclobeteryl group” is distinguished from a “heterocyciyl group” i which a hydrogen
atont 18 removed from a beterocyclic ring or ring systema carbon atom. Sioularly, a “cyclobeterylene
group” refers to a group formed by removing twe hydrogen atoms from an heterocyclic compound, at
feast one of which is removed from a heterocychic ning or ring system heteroatom of the heterocyclic
compound; the other hydrogen atom can be removed from any other atom, inchuding 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 “cyvclohstero group™ refers to a generalized group formed by
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removing one ot more hydrogen atoms (as necessary for the particular group and at least one of which 8

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

{8034}  An aliphatic compound is an acyclic or cyclic, saturated or unsaturated carbon compound,
excluding aromatic compounds. Thus, an aliphatic compound is an acyclic or cvclie, saturated or
unsaturated carbon compound, excluding aromatic compounds; that is, an aliphatic compound is a noo-
aromatic organic compound, An “aliphatic group” 8 & generalized group formed by removing ove or
more hydrogen atoms {(as necessary for the particular group) from the carbon atom of an aliphatic
compound.  Thas, an aliphatic compound 1s an acyclic or ¢yclic, saturated or unsatorated carbon
cormppound, excluding aromatic compounds. That is, an aliphatic conpound is a non-aromatic organic
compound. Aliphatic compounds and therefore aliphatic groups can contain organic functional group(s)

and/or atomis) other than carbon and hydrogen.,

{8035}  An aromatic compound is a compound containing a cyclically conjugated double bond system
that follows the Hiickel (4n+2) nule and contains (4042} pi-electrons, where n 15 an integer from 1 to 5.
Aromatic compounds include “arenes” (hydrocarbon aromatic compounds) and “heteroarenes,” also
termed “hetarenes™ (heteroaromatic compounds formally derived fron arenes by replacement of one or
more methine {-C=) carbon atoms of the cyclically conjugated double bond system with a tnvalent or
divalent heteroatoms, in such a way as {o maintain the continuous pi-electron system characteristic of an
aromatic system and a pumber of out-of-plane pi-electrons corresponding to the Hiickel rule (d4n + 2).
While arene compounds and heteroarene compounds are nutually exchusive members of the group of
aromatic compounds, a compound that has both an arene group and a hetercarene group are generally
considerad a heteroarene compound. Aromatic compounds, arenes, and heteroarenes can be monocyelic
{e.g., benrene, toluene, furan, pyridine, methvlpyridine) or polycyclic onless otherwise specified
Polveyelic aromatic compounds, arenes, and  hetercarenes, include, unless otherwise specitied,
compounds wherein the aromatic rings can be fused (e.g., naphthalene, benzofuran, and indele),
compounds where the aromatic groups can be separate and joined by a bond (e.g., biphenyl or 4-
phenvipyridine), 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; mitrogen — triphenyl
amine; among others linking groups). As disclosed herein, the torm “substituted” can be used to describe
an aromatic group, arene, ot hetercarene wherein a non-hydrogen moiety formally replaces a hydrogen in

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

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

atoms (as necessary for the particular group and at least one of which is an aromatic ring carbon atom)
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from ap aromatic compound. For a uotvalent “aromatic group,” the removed hydrogen atom roust 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 atonms removed from the same ring of
an aromatic ring or ring system {e.g., phen-14-viene, pyridin-2,3-viene, naphth-1,2-vlene, and
benzofuran-2,3-vlene), hydrogen atoms removed from two different rings of a ring systers (e.g., naphth-
1.8-ylene and benzofiwan-2,7-ylene), or hydrogen atoms removed from two isolated aromatic rings or

ring systems {e.g., bis{phen-4-vlene)methane).

188371 An arene 1§ an aromatic hydrocarbon, with or without side chamns (e.g., benzene, toloene, or
xylene, among others. A “aryl group” is a group derived from the formal remsoval of a hydrogen atom
from an aromatic ring carbon of an arene. It should be noted that the arene can contain a single aronwatic
hydrocarbon ring {(¢.g., benzene, or toluene), contain fused aromatic rings (e.g., naphthalene or
anthracene), and contain one or more isolated aromatic rings covalently linked via a bond {e.g., biphenyl)
or non-aromatic hydrocarbon group(s) {e.g., diphenylmethane). One example of an “arvl group” 1s ortho-

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

CH,

Smmlarly, an “arviene 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” vefers to a generalized group
formed by removing one or more hydrogen atoms {as necessary for the particular group and at least one
of which i1s an aromatic ring carbon) from an arene. However, if a group containg separate and distingt

14

arene and heteroarene nngs or ring systems (e.g., the phenyl and benzofuran moeties in 7-
phenyibenzofuran) s classification depends upon the particular ring of ring system from which the
hydrogen atorn was removed, that is, an arene group if the removed hydrogen came from the aromatic
bydrocarbon ring or ring system carbon atom {e.g., the 2 carbon atom in the phenyvl 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-phenyibenzo-
furan}. It should be noted that according the definitions provided heretn, geoeral arens groups {including
an aryl group and an arylene group) include those having zero, one, or vore than one hydrocarbyl
substituent groups located on an aromatic hydrocarbon ring or ring system carbon atom {¢.g., 8 toluene
group or a xylene group, among others) and 15 a member of the group of hydrocarbon groaps. However, a

phenyl group (or phenylene group) and/or a naphthyl group (or naphthylene group) refer to the specific
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unsubstituted arene groups (including no hydrocarbyl 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
aroups, 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 8
limited to a hydrocarbyl substituent group. One having ordinary skill 1o the art can readily discern and
select general phenyl and/or naphthyl groups, specific phenyvl 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 hetoroarcne is aromatic corapound, with or without side chains, having a heteroatom within
the aromatic ring or aromatic ring system (e.g., pyridine, indole, or benzofiwan, among others). A
“hetercaryl group” is a class of “heterocyelyl group” and is a univalent group formed by removing a
bydrogen atom from a heteroaromatic ring or ring systern carbon atom of a hetercarene compound. By
specifying that the hydrogen atom is removed from a ring carboo atom, a “heteroaryl group” i
distinguished from an “arylheteryl group,” in which a hydrogen atom s removed from a hetercaromatic
ring or ring system heteroatom. For example, an indol-2-vl group illustrated below 1s one example of a

“hetercaryl group,” and an indol-1-y1 group illustrated below 1s one example of an “aryiheteryl” group.”

/
“

wndol-2-vi indol-1-v1

“heteroaryl group” “arviheteryl group”
Similarly, a “hetercarylene group” refers to a groop formed by removing two hydrogen atoms from a
hetercarene compound, at least one of which s from a heteroarene ring or ring system carbon atom.
Thas, i a “heteroarylene group,” at least one hydrogen 1s removed from a heteroarene ring or ring system
carbon atom, and the other hydrogen atom can be removed from any other carbon atom, jocluding for
example, a heteroarene ring or ring system carbon atom, or 3 non-heteroarene fing or ring system atom.
A “hetercarene group” refers to a generalived group formed by removing one or more hydrogen atoms (as
necessary for the particular group and at least one of which i3 a heteroarene ring or ring system carbon
atomy) from a heteroarene compound. I a hydrogen atom is removed from a hetercaromatic ring ot ring

gystern hetercatom and from a beleroaromatic ving ot ripg system carbop atorn or an aromwtic
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hydrocarbon ring or ring system carbon atom, the group is classified as ap “arviheteryiene group” or an

“aryihetero group.”

{803%F  An “arylbeteryl group” is a class of “cycloheteryl group” and is & univalent group formed by
removing a hydrogen atom from a hetercaromatic ring or ring system heteroatom, as illastrated. By
specifying that the hvdrogen atom 1s removed from of a hetercaromalic ring or ring systern heteroatom
and vot from a beteroaromatic ring or ring system carbon atom, ao “aryiheteryl group” is distinguished
from a “hetercaryl group” in which a hydrogen atom s removed from a heteroaromatic ring ot a ring
system carbon atom.  Simtlarly, an “arvihetervlene group” refers to a group formed by removing two
bydrogen atoros from a heteroaryl compound, at least one of which is removed from a heteroaromatic ring
or ring systern heteroatom of the heteroaryl compound; the other hydrogen atom can be removed from
any other atom, inciuding for exarple, a beteroaromatic ring or ring system carbon atom, avother
hetercaromatic ring or ring system heterpatom, or a non-ring atom (carbon or heteroatom) from a
heteroaromatic compound. An “aryihetero 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.

10040]  An “aralkyl group” is an aryl-substituted alkyl group having a frec valance at a non-aromatic
carbon atom {(e.g., a benxyl group, or a 2-phenyleth-1yl 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 nov-aromatic carboun atoms while an “aralkane group” is a generalized is an
aryl-substituted alkane group having ove of more free valencies at a nop-aromatic carbon atom(s). A
“heteroaralkyl group” is a heteroaryl-substituted alkyl group baving a free valence at a non-

heteroaromatic ring

-~
&

r ring system carbon atom. Similarly a “heteroaralkylene group” is a heteroaryl-
substituted alkylene group having two free valencies at a single non-hetercaromatic 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 atkane group having one or more free valencies at
a non-hetercaromatic ring or ring system carbon atom(s). It should be noted that according the definitions
provided herein, general aralkane groups inchide those having zero, one, or more than one hydrocarbyl
substituent groups located on an aralkane aromatic hydrocarbon ring or ring system carbon atom and 18 a
mernber of the group of hydrocarbon groups. However, specific aratkane 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 unsubstituted aralkane groups (including no hydrocarbyl group located on the aralkane aromatic
hydrocarbon ring or ring system carbon atony). Consequently, a substituted aralkane group specifying a

particular aryl group refers to a respective aralkane group having one or more substituent groups
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(including halogens, hydrocarbyl groups, and/or hydrocarboxy groups, amoung 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 1s limited to a hydrocarbyl
substituent group. One can readily discern and select substituted aralkane groups specifymmg 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).

{8041} A “halide” has its usual meaning; therefore, examples of halides include fluoride, chioride,

bromude, and 1odide.

{8042]  An “organoheteryl group” is a univalent group contamning carbon, which are thus organic, but
which have their free valence at an atom other than carbon. Thus, organcheteryl and organyl groups are
complementary and nwtually exchusive. Organobeteryl groups can be cyclic or acyclic, and/or aliphatic
or aromatic, and thus encompasses aliphatic “cyclcheteryl groups” {e.g., pyrrolidin-1-yl or morpholin-1-
vl, among others), aromatic “arylhetervl groups” {(e.g., pyrrol-l-yl or indol-1-yl, among others), and
acyclic groups (e.g., organylthio, trihydrocarbylsilyl, aryloxy, or alkoxy, among others). Similarly, an
“organoheterylene group™ is a divalent group couotatning carbon and at least one heteroatom having two
free valencies, at {cast one of which s at a heteroatom. An “organchetero 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 hetercatom} from an organchetero compound.

[8043]  An “organcalominum compound,” is used to describe any compound that containg an
ahiminun-carbon bond. Thus, organcaluminum compounds include hydrocarbyl aluminum compounds
such as triatkyl-, dialkyl-, or monoalkylalomimum compounds; hydrocarbyl ahunoxane compounds, and

aluminate compounds which contain an aluminum-organyl bond sach as tetrakis{p-tolyDaluminate salts.

18944} Within this disclosure the normal rules of orgamc nomenclature will prevail. For instance,
when referencing substituted compounds of groups, references to substitution patterns are faken to
indicate that the indicated group(s) is (arc) located at the indicated position and that all other non-
mndicated positions are hydrogen. For example, reference to a 4-substituted phenyl group indicates that
there 15 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 15 a
non-hydrogen substituent located at the 3 position and hydrogens located at the 1, 4, 5, 6, 7, and 8
positions.  References o compounds or groups baving substitutions at posttions in addition to the

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

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

{8045}  The term “reactor effluent,” and it dertvatives (e.g., cligomerization reactor effluent) generally
efers to all the material which exits the reactor. The term “reactor effhient,)” and ifs derivatives, can also
be prefaced with other descriptors that limwt the portion of the reactor effiuent being referenced. For
example, while the tern “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 efffuent of the reactor

which contains an olefin {i.¢. carbon-carbon) doable bond.

16046] The term “oligomenization,” 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.
Sumilarty, 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 “ohgomers” (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
bave to be the same. For example, an “oligomer” or “oligomerization product” of an “oligomerization”

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

18047} The term “polymerization,” and its derivatives, refers to processes which produce a muxture
of products containing at least 70 weight percent products containing greater than 30 monomer anits
Simlarty, “polyme” is a product that contains greater than 30 movomer units while an “polymerization
product” or “polymer product”includes all products made by the “polymerization” process including the
“polymers” and products which are not “polymers” {e.g., product which contain less than or equal to 30
monomer units). It should be noted that the monomer amits 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 cthylene and/or propylene units,

[0048]  The term “trimerization,” and it derivatives, refers to & process which produces a mixture of
products containing at least 70 weight percent products containing three and only three monomer units. A
“trimer” 18 a prodoct which contains three and only three monomer units while a “trimerization product”
or "“trimer product” jachudes all products made by the trimerization process including trimer and product
which are not frimer {c.g., dimers or tetramers). Generally, an clefin trimerization reduces number of
olefinic bonds, L.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 ethyiene and buteoe as monomers can contain ethylene and/or butene
monomer units. That 18 to say the “trimer” can inchude Cg, Cg, Cig, and ), products. 1n 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.

[004%]  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” 18 a prodoct which contains four and only fowr monomer umits while a “tetramerization
product” or tetramer product” includes all products made by the tetramernization process including
tetramer and product which are not tetramer (e.g., dimers ot trimer). Geoerally, an olefin tetramerization
reduces number of olefinic bounds, t.e., carbon-carbon double bounds, by three when considering the
nuinber of olefin bonds in the monmer vniis 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 cthylene and butene as monomers can contain
ethylene and/or butene monomer units. In an example, a “tetramer” of a “tetrarerization” process using
cthylene as the monomer can contain ethylene mopomer units. It should also be noted that a single
molecuale can contain two monomer units. For example, dienes such as 1,3-butadiene and 1 4-pentadience

have two monomer units within one molecule.

18058]  The term “trimerization and tetramerization,” and it derivatives, refers to a process which
produces a mixture of products contatung 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
trimey, tetramer, and product which are not tetramer (e.g., dimers). In an cxample, a “trimerization and
tetramerization” process using ethiylene as the monomer produces a puxture of products coutaining at

least 70 weight percent hexene and/or octene.

{8051}  The term or variation of the terms an “oligomerized product having X carbon atoms” and “Cyx
oligomer product,” wherein X can be any positive non-zero integer, refers to matenials produced by
monomer oligomerization which have X carbon atoms. Thus, the term “oligomerized product having X
carbon atoras” 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 deseriptive words (e.g., olefin, liguid, and mixture, among
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others) without detracting from the essence of the terny referring o yoaterials baving X carbon atoms,

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

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

vartous aspects and embodunents disclosed herein can be combined in any manner.

N-Phosphinyl Guanidine Compounds

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

feast one N'-phosphioyi guanidive group. in an embediment, the N -phosphuiny! guasidine compounds

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

groups.

0084}  In an aspect, the compounds encompassed by the present disclosure include an N -phosphinyl
suanidine compound.  Generally, the N'-phosphinyl guanidine compounds oncompassed by this
disclosure comprise an N -phosphinyl guanidine group; ot alternatively, comprise two N-phosphinyl
guanidine groups. In an embodiment, the N -phosphinyl guanidine compounds comprise only one N*-
phosphinyl guanidine group; or alternatively, comprise only two N -phosphinyl guanidine groups. In an
embodiment, the compounds, regardiess of the number of N'-phosphinyl guanidine groups, or structure,
can be non-metallic (i.c., 2 non-metallic N'-phosphiny! guanidine compound or a non-metallic compound
baving an N-phosphinyl guanidine group). In some embodiments, the guanidine group of the N™-
phosphinyl guanmdine 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 suanidine group of the N -phosphinyt suanidine compounds can be a cyclic guanidine
group {a guanidine group wherein one ot wore of the nitrogen atoms and the central carbon atom of the

amine group are contained 1t 3 ring).
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[058]  Inan aspect, the N -phosphiny] guamdine compound can have Structure Gul, Gu2, Gu3, Gud,
or Gul: alternatively, Structure Gul; sltematively, Structure Gu2; alternatively, Structure Gu3;

alternatively, Structure Gud; or alternatively, Structure GuS.
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0056] In an embodiment, the N’-phosphinyl guanidine compound comprising only one N-
phospbinyl guanidine group can be charactetized by baving the Structure Gul, Gu2, Gu3, Gud, or Gud;
alternatively, Structure Gul; alternatively, Structure Gu2; alternatively, Structure (Gul; alternatively,
Stracture Gud; or alternatively, Structure GuS. In an embodiment, an N-phosphiny! guanidine
compound having more than one N -phosphiny! geanidine groups can be characterized by having
Structure Gul, Gu2, Gud, Gud, or Gus wherein R, R™ R™, R RY R’ LY L% and/or L? include the
other N'-phosphiny! guanidive group(s). In an embodiment, the N -phosphinyl guanidine compound
comprising only two N -phosphinyl guanidine groups can be characterized by having Structure Gul, Gu2,
Gu3, Gud, or GaS wherein Ri, RZC‘, RZb? R3, Rﬂ RS, Lm, Lzz, and/or L™ include the second Nz-phosphinyl
cuaniding group. In some embodiments where an N-phosphinyl guanidine compound can more than one
N .phosphinyl guanidine group, one or more of the atom of one N'-phosphinyl guanidine group can be
shared with another N'-phosphinyl guanidine group within the N'-phosphinyl guanidine compound
having more than one N -phosphinyl guanidine group. R', R® R™, R°, R\, R, L"”, L™, and L™ within
N-phosphiny! guanidine compound Structures Gul, Gu2, Gu3, Gud, or GuS are independently described
herein and can be utilized without limitation to further describe the N -phosphiny! guanidine compounds
baving Structures Gul, Gu?, Gu3, Gud, and/or GuS5. In other erabodiments, the N -phosphinyl guasidine

compounds can have any specific structure disclosed herein.,
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{057} enerally, R' can be an organyl group; alternatively, an organyl group consisting essentially
of inert functional groups; or altematively, a hydrocarbyl group. In an embodiment, R can be a C; to Usy
organyl group; alternatively, a C, to Cy organyl group; alternatively, a €, to s organyl group;
alternatively, a € to Oy, organyl group; or alternatively, a € to Cs organyl group. In an embodiment, R
can be a C; to 3, organyl group consisting essentially of inert functional groups; alternatively, a C; to Cy
organyl group consisting essentially of inert functional groups; alternatively, a Cy to Cys organyl group
consisting essentially of inert functional groups; alternatively, a €, to (¢ organyl group consisting
casentially of inert functional groups; or alterpatively, a ) to Cs organyl group consisting casentially of
inert functional groups. Tn an embodiment, R' can be a € to Cyo hydrocarbyl group; alternatively, a C; to
g hydrocarbyl group; alternatively, a G to Cjs hydrocarby! group; alternatively, a C) to Cyp hvdrocarbyl
group; or alternatively, a C, to Cs hydrocarbyl group. In vet other embodiments, R' can be a Cs to Cyy
aromatic group; alternatively, a C; to Cy aromatic group; alterpatively, a C; to Cys aromatic group; or

alternatively, a C; to Cy aromatic group.

{60581 Tn an aspect, R’ can be a €, to Cs alkyl group, a €y to Cao oyeloalkyl group, a Ca to Gy
substituted cycloalkyl group, a Cs to Cse arvl group, or a Cg to Csg substituted aryl group,; alternatively, a
C. to Ty cycloalkyl group or a Cy to Cag substituted cycloalkyl group; alternatively, a Cq to g aryl group
or a Cs to Cyp substituted aryl group; alternatively, a € to Gy alkyl group; alternatively, a Cy to Cy
cycloatkyl group; alternatively, a €y to Cyy substituted cyclealkyl group; alternatively, a Cy to Cyp aryl
aroup; or alternatively, a Cy to Cyp substituted arvl group.  In an embodiment, Ricanbea () toCs atkyl
group, a £y to Cyp cycloalkyl group, a Cs to Cy substituted eycloalkyl group, a Cq to Ty arvl group, or a
Cs to Cy substituted aryl group; alternatively, a 4 to Oy cycloalkyl group or a Cy to Oy substituted
cvcloatlyl groop; alternatively, a Co to Cyp aryl group or a Cs to Uy substituted aryl group; alternatively, a
Cy to Cys alkyl group; alternatively, a C, to Cy cvcloalkyl group; alternatively, a €4 to Cyy substitated
cycloatkyl group; alternatively, a Cg to Cyp aryl group; or alternatively, a Cg to Ty substituted aryl group.
In other embodimenis, R' can be a C to Cyo allyl group, a €y to €5 cyeloalkyl group, a8 €4 t0 Cis
substituted cycloalkyl eroup, a C¢ to Cys aryl group, or a Cs to Cys substituted aryl group; alternatively, a
C, to Cys oycloatkyt group or a C, to Cis sabstituted cycloalkyl group; alternatively, a Cq to Cys aryl group
or a (g to Cys substituted aryl group; alternatively, a C to Cy, alkyl group; alternatively, a Cy to Cys
cycloatkyl group; alternatively, a C4 to Cys substituted cycloalkyl group; altemnatively, a Cq to Cy5 arvl
group; or alternatively, a Cs to C s substituted aryt group. In further embodiments, R' can be a C; to Cs
atkyl group. Substituents (general and specific) are independently disclosed herein and can be utilized

without Himitation to further describe substituted groups which can be utilized as R’
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[0059]  In an embodiment, R' can be a methyl group, an ethyl group, a propyl group, a butyl group, a
pentyl group, a bexyl group, a beptyl group, an octyl group, a nonyl group, or a decyl group. Io some
embodiments, R’ can be a methyl group, an ethyl group, an n-propyl group, an iso-propyl group, an n-
butyl group, an isc-butyl group, a sec-butyl group, a tert-butyl group, an n-pentyl group, an iso-pentyl
group, a sec-pentyl group, or a neopentyl group; alternatively, a methyl group, an ethyl group, an iso-
propyl group, a tect-butyl group, or a veopentyl group; alternatively, a methyl group; alternatively, an
ethyl group; alternatively, an p-propyl group:; alternatively, an iso-propyl group: alternatively, a tert-butyl
eroup; or alternatively, a neopentyl group. In some embodiments, the atkyl groups whick can be utilized
as R’ can be substituted. Fach 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
bydrocarboxy groups (general and specific) that can be utdized as substituents are jodependently
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, 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 cvcloheptvl
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 groap, a cyclohexyl group, or a
substituted cyclohexyl group. In other embodiments, R' can be a oyclopentyl group or a substitated
cyclopentyl group; or alternatively, a cyclohexyl group or a substituted cyclohexyl group. In further
embodiments, R' can be a cyclopentyl group; alternatively, a substituted cyclopentyl group; a cyclobexyl
group; or alternatively, a substituted cyclohexyl group.  Substituents (general and specific) are
independently disclosed herein and can be utilized without Himitation to further describe the sobstituted

cycloatkyl group which can be utilized as R
[0061]  Inanaspect, R’ can have Structure G1:

12¢ R1 3¢

CHon Struecture &1

RMG R’: 5¢

wherein the ondesignated valency is attached to the N pitrogen atom of the N -phosphinyl guanidine
group. Generally, R'°, R' RY, R™, and R can independently be hydrogen or a non-hydrogen
substituent, and o can be an integer from 1 to 5. In an embodiment wherein R has Structure G, RU

13¢ tdc g i5c Fe 12¢ 5 bt . - ; -
R™% R™, and R can be hydrogen and R can be any non-hydrogen substitucnt disclosed berein; or
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alternativety, R, R™, and R"™ can be hydrogen and R"™ and R' independently can be any non-
bydrogen 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 ndependently disclosed herein and can be utilized without
Himitation to further describe a non-hydrogen substituent which can be utilized without Himitation as R’

R R R, and/or R'™ for the R' group having Stracture G1

10062}  In an embodiment wherein R’ bas Structure G, R'™, R™, R’ and R'™ can be hydrogen and
R can be any non-hydrogen substituent indicated hercin; or alternatively, R'", R”C, and K" can be
hydrogen and R and R'™ can be any non-hydrogen substituent indicated herein. fn some embodiments,
wherein R’ has Structure G1, RY, R'™, R™, and R'™ can be hydrogen and R'™ can be any alkyl group,
alkoxy group, or halogen indicated herein; or alternatively, R'', R’ and R' can be hydrogen and R'™
and R'™ can be any alkyl group, alkoxy group, or halogen indicated berein. In other embodiments,
wherein R' has Structure G, R'", R'™) R™, and R™™ can be hydrogen and R'™ can be any alkyl group
substituent indicated herein; or alternatively, R, R”, and R can be hydrogen and R"™ and R'™ can be
any alkyl group substituent indicated herein. In another embodiment wherein R’ bas Structure G, R'™,
R RYC R and R can be hydrogen. In an embodiment, ', R', R™, R'™, and R'™ independently
can be hydrogen, or an alkyl group; alternatively, R'™, R™, and R™ can be hydrogen and R™ and R™
can be atkyl groups; or alternatively, R'™ can be hydrogen and R'™, R™, R™, and R can be alkyl
groups. Specific substituent halogens, hydrocarbyl groups, hydrocarboxy groups, alkyl group, and alkoxy
groups are independently disclosed herein and can be utilized without limitation to further describe the R

group having Structure G1.

{6063 In an aspect, R’ can be a phenyl group, a substituted phenyl group, a naphthyl group, or a
substituted naphthyl group; alternatively, a phenyl group or a substituted phenyl group; alternatively, a
naphthyf group or a substituted naphthy! group; alterpatively, a phenyl group or a naphthyl group; or
alternatively, a substituted phenyl group or a substituted naphthyl group. In some embodiments, R'
mndependently can be a phenyl group; alternatively, a substitated phenyl group; alternatively, a naphthyl
aroup; or alternatively, a substituted naphthyi group. In an embodiment, the R’ substituted pheny! 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 phenyt group, or a
2.4,6-trisubstituted phenyl group. In other embodiments, the R' substituted phenyl group can be a
2-substituted phenyl group, a 4-substituted phenyl groop, a 2,4-disubstitited 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 phenvl group, a 2, 4-disubstituted phenyl group, or a 2,6-disubstituted phenyl group;
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alternatively, a 3-substiuted phenyl group or a 3,5-disubstitited phenyl group; alteroatively, a
2-substituted phenyl group or a 4-substituted phenyl group; alternatively, a 2,4-disubstituted pheoyl
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 Z-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 phenyi
group; or alternatively, a 2.4,6-trisubstituted phenyl group. Substituents {general and specificy are
independently disclosed herein and can be utilized without limitation to further describe any sobstituted

phenyl group which can be utilized as R,

10064] In an embodiment, R' can be a vapbth-1-yl group, a substituted naphth-1-yl group, a
naphth-2-yl group, or a substituted naphth-2-yl group. In some embodiments, R' can be a naphth-1-yl
group or a substituted naphth-1-vl groap; alternatively, a naphth-2-v1 group or a substituted naphth-2-yl
group; alternatively, a naphth-1-yl group; alternatively, a substituted naphth-1-yl group; alternatively, a
naphth-2-yl group; or alternatively, a substituted naphth-2-yl group. In other embodiments, R’ can be a
2-substituted naphth-1-yl group, a 3-substituted naphth-1-vl group, a 4-substituted naphth-1-yl group, or a
S-substituted naphth-1-yl group; alternatively, a Z-substituted naphth-1-yl group; alternatively, a
3-substituted naphth-1-yl group; alternatively, a 4-substituted naphth-1-yl group; or alternatively, a
§-substituted naphth-1-yl group. Tn further cmbodiments, R' can be a 1-substituted naphth-2-yt group, a
3-substituted vaphth-2-yl group, a 4-substituted paphth-2-y1 group, or a 1,3-disubstituted naphth-2-y1
eroup; alternatively, a {-substituted naphth-2-y1 group; alternatively, a 3-substituted naphtb-Z-vl group;
alternatively, a 4-substituted naphth-2-vl group; or alternatively, a 1,3-disubstitoted naphth-2-v1 group.
Substituents {(general and specific) are mdependently disclosed herein can be utilized without himitation to

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

10065]  Inanaspect, R' can have Structure G2

R N * Structure G2

Ré 16

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

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

13 : I i3 pis 6
can be hydrogen and R" can be a non-hydrogen substiment, R, R”, R", and R' can be hydrogen and

14

R" can be a non-hydrogen substituent, R”, R", and R'® can be hydrogen and R and R™ can be non-
hydrogen substituents, R, R™, and R"” can be hydrogen and R and R' can be non-hydrogen
substituents, R'”, K™, and R'° can be hydrogen and RY and R’ can be non-hydrogen substituents, or R”
and R can be hydrogen and R'%, R, and R'® can be non-hydrogen substituents. In some embodiments
wherein R' has Structure G2, R”, RY, RY, and R' can be hydrogen and R' can be a non-hydrogen
substitaent, R, R, R, and R'® can be hydrogen and R" can be a non-hydrogen substituent, RY R,
and R' can be hydrogen and R and R™ can be non-hydrogen substituents, R, R™ and RY can be
hydrogen and R and R' can be non-hydrogen substituents, or R and R" can be hydrogen and R, R™,
and R'® can be non-hydrogen substituents; alternatively,R'°, R, R”, and R'® can be hydrogen and R
can be a non-hydrogen substituent, ™, R, R”, and R' can be hydrogen and R™ can be a non-hydrogen
substitaent, R, RY, and R can be hydrogen and R and R™ can be non-hydrogen substituents, or RE,
RY and R can be hydrogen and R and R'° can be non-hydrogen substituents; alternatively, R, R,
1Y and R'® can be hydrogen and R' can be a non-hydrogen substituent, or R, R™, and R' can be
hydrogen and R" and R can be non-hydrogen substituents; alternatively, R, R, R, and R" can be
hydrogen and R can be a non-hydrogen sabstituent, or R™, R, R”, and R' can be hydrogen and R*
can be 8 non-hydrogen substituent; alternatively, R”, R, and R'® can be hydrogen and R and R can be
non-hydrogen substituents, RY, R™, and R can be hydrogen and R"” and R' can be non-hydrogen
substituents, or R and R can be hydrogen and R, R™, and R'® can be non-hydrogen substituents; or
alternatively, R, R", and R'® can be hydrogen and R* and R' can be non-hydrogen substituents, or R,
R" and R" can be hydrogen and R" and R'® can be non-hydrogen sobstituents. In other embodiments
wherein R' has Structure G2, R, RY, R, R, and R'® can be hydrogen; alternatively, R’ RY RY, and
R' can be hydrogen and R can be a non-hydrogen substituent; alternatively, R, B, R", and R'® can
be hydrogen and R” can be a non-hydrogen substituent; alternatively, R”, R, R", and R'® can be
hydrogen and R'* can be a non-hydrogen substitaent; alternatively, R, R™, and R'® can be hydrogen and
R and R' can be non-hydrogen substituents; alternatively, R, K", and R can be hydrogen and R
and R’ can be non-hyvdrogen substituents; alternatively, R”?, R", and R’ can be hydrogen and R and
R" and can be non-hydrogen substituents; or alternatively, R" and R'" can be hydrogen and R, R™, and
R'® can be non-hydrogen substituents. Substituents (general and specific) are independently disclosed
herein and can be utilized without limitation as RY, R”, RY, R”, and R for the R group having

Structure G2.



WO 2013/184579 PCT/US2013/043902

0066]  In an aspect, R’ can be a C, to s organcheteryl group; alternatively, a C, to Oy
organobeteryl group; alterpatively, a ) to Cs organcheteryl group; altematively, a C; to Cy
organoheteryl group: or alternatively, a T, to Cs organoheteryl group. In an embodiment, R' can be a C,
to Cy oycloheteryl group; altermatively, a C, to Oy oycloheteryl group; alierpatively, a Oy to Cis
cycloheteryl group; or alternatively, a C, to Cy cycloheteryl group.  In some embodiments, the

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

[0667] In some cmbodiments, R' can be a C; to Cs hydrocarbyl aminyl group, a C; 0 Cyg
dihydrocarbyvl aminyl group, a Cs to Cse cycloaminyl group, or a Cy to Cye substituted oycloaminyl group;
alternatively, a € to Cy hydrocarbyl amunyl group or a C; to sy dihydrocarbyl anunyl group;
afternatively, a Cy to Gy cycloaminyl group or a Cy to Cy substituted cycloaminyl group; alternatively, a
C, 10 Cyy dihydrocarbyl aminyl group or a €, to Cy cycloaminyl group; alternatively, a C; to Ty
bydrocarbyl aminyl group; alternatively, a C; to Csp dihydrocarbyl aminyl group; alternatively, a Cs to Cyg
cycloaminyl group; or alternatively, a C, to Cy substituted cycloaminyl group. In other embodiments, R'
can be a ) to Cy hydrocarbyl aminyl group, a C; to Cyp dihvdrocarbyl aminyt group, a €y 10 Cy
cycloaminyl group, or a C, to Cye substituted cycloarinyl group; alternatively, a C; to Oy bydrocarbyl
aminy! group or a C; to Cy dihydrocarbyl aminyl group; alternatively, a Cy to Cy cycloaminyl group or a
C4 to Oy substituted oycloaminyl group; alternatively, a C; to Uy dihvdrocarbyl aminyl group ora G, to
Cyo oycloaminyl groop; alternatively, a C) to Cy hydrocarbyl aminyl group; alternatively, a G, to Cy
dihydrocarbyl aminyl group; alternatively, a C, to Ty cycloaminyl group; or alternatively, a Cy to Cy
substituted cycloaminyl group. In vet other embodiments, R' can be an a €, to Cy hydrocarby! aminyl
group, a C; to Cys dibiydrocarbyl aminyl group, a €y to €5 cycloaminyi group, or a Cy to €5 substituted
cvcloaminyl group; alternatively, a € to Cy hydrocarbyl aminyl group or a C; to Cys dihydrocarbyl
aminyl groap; alternatively, a Cq to Cy5 cycloaminyl group or a G, to Cys substituted cycloaminyi group;
alternatively, a C; to Cys dibydrocarby! aminyl group or a Cy to €5 cycleamuinyl group; alternatively, a
to Cyo hydrocarbyl aminyl group; alternatively, a C, to Ci5 dihydrocarbyl aminyl group; alternatively, a C,
to C,s cycloaminyl group; or alternatively, a C, to Cys substitted ovcloaminyl group. In further
embodiments, R' can be an a C; to Cs hydrocarbyl aminyl group, a (s to €, dihydrocarbyl aminyl groap,
a Cy4 to Cyp ovcloaminyl group, or a G4 to Cyp substituted cycloanunyl group; alternatively, a C; to Cs
hydrocarbyl amioyl group or a C; to Oy dihvdrocarbyl amioyl group; altersatively, a G to Cp
cycloaminyl group or a Cs to Oy substituted cycloaminyl group; alternatively, a C. to Cy dibydrocarbyl
aminy! group or a C, to Ty, cycloaminyl group; alternatively, a C; to Cs hydrocarbyl aminyl group;
alternatively, a C, to Cy; dihydrocarbyl aminyl group; alternanvely, a C4 to Cyy cycloaminyl group; or

alternatively, a Cy to Cyo substituted cycloanuny! group.
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[8068]  In an embodiment, cach hydrocarbyl group of a hydrocarbyl aminyl group or a dibydrocarbyl
aminy! group can be a €, to Gy hydrocarbyl group; alternatively, a C to Cy hydrocarbyi group;
alternatively, a C; to G5 hydrocarbyl group; alternatively, a C) to Cyg hydrocarbyl group; or altematively,
a C; to Cs 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 avalkyl group; alternatively, an alkyl group; alterpatively, a cycloalkyl group; alternatively, ap aryi
group; or alternatively, or araliyl group. Alkyl groups, cycloalkyl groups, aryl group, and aralkyl groups
have been described herein a potential R', R*, R*, RY, and R” groups (among other potential group) and
these alkyl groups, cycloalkyl groups, aryl group, and aralkyl groups can be stilized without hmitation to
further describe the hydrocarbyl aminyl group and/or a dihydrocarbyl aminyl group that can be utihized a

R]

{00697  In an cmbodiment, R' can be a pyrrolidin-i-y1 group, a substituted pyrrolidin-1-vl group, a
piperdin-1-yl group, a substituted pipendin-1-vl group, a morphilin-1-yl group, a substitoted morphilin-1-
vi group, a pyrrol-1-vl group, or a substituted pyrrol-1-yl group. In some embodiments, R' can be a
pyrrolidin-1-vl group, a substituted pyrrolidin-1-vl group, a piperdin-1-yl group, or a substituted
piperidin-t-yl group; a pyrrolidin-t-yl group or a substituted pyrrolidin-t-yl group; alternatively, a
piperdin-i-yl group or a substituted piperidin-i-yl group; alternatively, a morphilin-1-yl group or a
substituted morphilin-1-y1 group; alternatively, a pyrroi-1-yl group or a substituted pyrrol-i-yl group;
alternatively, a pyrrolidim-1-yi group, a piperdin-1-yl group, a morphilin-1-yl group, or a pyrrol-1-yi
group; alternatively, a pyvrrolidin-1-vi group or a piperdin-1-yl group; alternatively, a pyrrolidin-1-yi
group; alternatively, a substituted pyrrolidin-1-vl group; alternatively, a piperdin-1-yl group; alternatively,
a substituted piperidin-i-yl groop; alternatively, a morphilin-i-yl group; alternatively, a substituted
morphilin-1-y1 group; alternatively, a pyrrol-1-yl group; or alternatively, a sobstituted pyrrol-1-¢1 group.
Generally, these specific cveloanunyl groups can bave the same pumber of carbon atorss as the
cycloaminyt and substituted cycloaminy! group descnbed herein. Substituents (general and specific) are
independently disclosed herein and these substituents can be utilized without limitation to further describe

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

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

embodiment, when the N' nitrogen atom of the N-phosphinyl guanidine group is attached to an atom
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(carbon or a heteroatom) of a ring of ring system group {¢.g., cycloalkane group, aliphatic heterocyolic
eroup, cyclohetero group, aromatic group, arene group, hetercarene group, or arvihetero group, ot any
other disclosed herein) the cyclic R' group can comprise at least one substituent at each atom adjacent to
the atom attached to N' nitrogen atom of the N -phosphinyl guanidine group. In another embodiment,
when the N' nitrogen atom of the N'-phosphinyl suanidine group is attached to an atom (carbon or a
heteroatorn) of a ring or ting systere group (e.g., cycloalkane group, aliphatic beterocyclic group,
cyclohetero group, aromatic group, arene group, heteroarene group, or arylhetero group, or any other
disclosed herein), the oyclic R group can consist of one substituent at each atom adjacent to the atom
attached to N nitrogen atom of the N -phosphinyl guanidine group. In other embodiments, when the N
nitrogen atom of the N-phosphinyl guanidine group is attached to an atom {carbon or a hetercatom) of a
ring or ring system group (c.g., cycloalkane group, aliphatic heterocyclic group, cyclohetero group,
aromatic group, arenc group, heteroarene group, or arylheterc group, or any other disclosed heretn), the
cyclic R' group can comprise only one substituent at an atom adjacent to the atom attached to N' nitrogen
atom of the N-phosphiny! guanidine group. In another embodiment, when the N' nitrogen atom of the
N -phosphinyt guanidine group is attached to an atom (carbon or a heteroatom) of a ring or ring system
group {e.g., cycloalkane group, aliphatic heterocyelic group, cycloheterc group, aromatic group, arenc
aroup, heteroarene group, or arvihetero group, or any other disclosed herein), the oyclic R' group can
comprise only one sabstituent at each atom adjacent to the atom attached to N' nitrogen atom of the N*-
phosphinyl guamidine group. In yet another embodiment, when the N' nitrogen atom of the N-
phosphinyl guanidine group is attached to an atom {carbon or a heteroatom) of a ring or ring syster group
(e.g., cycloalkane group, aliphatic heterocyclic group, cyclohetero group, aromatic group, arene group,
heteroarens group, or arvihetero group, or any other disclosed herein), the cyelic R' group can consist of
only one substituent located at each atom adjacent to the atom attached to N' nitrogen atom of the N*-

phospbinyl guanidine group.

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

cycloatkane or arene ring or ring systen, the cyclic R group can consist of one substituent located on
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cach carbon atom adjacent to the carbon atom attached to N' nitrogen atom of the N’-phosphinyl
guanidine group. In other embodiments, when the N' nitrogen atom of the N -phosphinyl guanidine
group is attached to a carbon atom of a cycloalkane or arenc ring or ring system, the oyclic R' group can
comprise only one substituent located on a carbon atom adjacent to the carbon atowm attached to N/
nitrogen atom of the N>-phosphinyl guanidine group. In another embodiment, when the N' nitrogen atom
of the N-phosphiny! guanidine group is attached to a carbon atom of a cycloatkane or arene ring or ring
systern, the cyclic R' group can comprise only one substituent located on each carbon atom adjacent to
the carbon atom attached to N' nitrogen atom of the N -phosphinyl guanidine group. In yet another
embodiment, when the N' nitrogen atom of the N -phosphinyl guanidine group is attached to a carbon
atom of a cycloatkane or arene ring or ring systor, the cyclic R' group can consist of only one substitucnt
located on ecach carbon atom adjacent to the carbon atom attached to N' nitrogen atom of the

N--phosphinyl guanidine group.

{0072}  In a non-limiting embodiment, R' can be a phenyl group, a 2-alkyiphenyl group, a 3-alkyl-
phenyl group, a 4-alkylphenyl group, a 2,4-dialkylphenyl group, a 2,6-dialkylphenyl group, a 3,5-dialkyi-
phenyl group, or a 2,4,5-trialkyiphenyl group; alternatively, a 2-alkylphenyl group, a 4-alkylphenyi group,
a 2. 4-dalkyiphenyl group, a 2,6-dialkylphenyl group, or a 2,4,6-trialkylphenyl group; alternatively, a
2-atkyiphenyl group or a 4-aikyiphenyl 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-diatkyi-
phenyl group; alternatively, & 2,6-dialkylphenyl group, or a 2,4,6-trialkyiphenyl group; alternatively, a
3-alkyipbenyl group or a 3,5-dialkylphenyl group; alterpatively, a Z-alkylphenyl group or a 2,6-diatkyl-
phenyl group; alternatively, a 2-alkviphenyl group; alternatively, a 3-alkviphenyl group; alternatively, a
4-atkyiphenyl group: alternatively, a 2.4-dialkylphenyl group; alternatively, a 2 6-dialkylphenyl group;
alternatively, a 3,5-dialkylpheny! group; or alternatively, a 2,4,6-trialkylphenyl group. In another noo-
limiting embodiment, R' can be a naphth-1-yl group, a naphth-2-y1 group, a 2-alkylnaphth-1-yl group, a
{-alkylnaphth-2-yi group, a 3-alkylnapth-2-vl group, or a 1,3-diatkyinaphth-2-y] group; alternatively, a
naphth-1-yl group or a 2-alkylnaphtb-1-y1 group; alternatively, a naphth-2-y1 group, a 1-alkylnaphth-2-yi
group, a 3-alkylnapth-2-v1 group, or a 1,3-dialkylnaphth-2-y1 group; alternatively, a naphth-1-vl group;
alternatively, a naphth-2-yl group; alternatively, a 2-alkylnaphth-i-yl group; altematively, a 1-alkyl-
papbth-2-v1 group; altersatively, a 3-alkyinapth-2-y1 group; or alternatively, a 1,3-dialkylnaphth-2-v1
group. In other non-limiting embodiments, R' can be a cyclohexyl group, a 2-alkvicyclohexyl group, ora
2.6-dalkyleyclohexyl group; alternatively, a cyclopentyl group, a Z-alkvicyclopentyl group, or a
2,5-dialkylcyclopentyl group; alternatively, a cyclohexyl group; alternatively, a 2-alkylcyclohexvl group;

alternatively, a 2,6-dialkyleyclohexyl group; altematively, a cyclopentyl group; alternatively, a 2-alkyl-
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cyclopentyl group; or alternatively, a 2,5-dialkyicyciopentyl group. Alkyl sroup substitucats (geveral and
specific) are independently described herein and can be utilized, without limitation, to further describe the
atkylphenyl, diatkylphenyl, tniatkyiphenyl, naphthyl, dialkyinaphthyvl, alkyloyclohexyl, dialkyleyclohexyl,
atkyleyclopentyl, or diatkyleyclopentyl sroups that can be utilized R'. Generally, the alky! substituents of
a diatkyl or trialkyl phenyl, naphthyl, cvclohexyl, or eyclopentyl group can be the same; or alternatively,
the alkyl substituents of a dialkyl or trialkyl phenvl, naphthvl, cyclohexyl, or cyclopentyl group can be

different.

{60673}  In another non-limiting embodiment, R' can be a phenyl group, a 2-alkoxyphenyl group, a
3-atkoxyphenyl group, a 4-alkoxyphenyl group, or a 3,5-dialkoxyphenyi group; alternatively, a 2-alkoxy-
phenyl group or a 4-alkoxyphenyl group; alternatively, a 3-alkoxyphenyl group ot a 3,5-dialkoxyphenyt
group; alternatively, a 2-alkoxyphenyl group; alterpatively, a 3-alkoxyphenyl group; alternatively, a
4-atkoxyphenyl group; alternatively, a 3,5-diatkoxyphenyl group. Alkoxy group substituents (general and
spectfic) are independently described herein and can be withized, without limitation, to further describe the
alkoxyphenyl or diatkoxyphenyl groups that can be utilized R, Generally, the alkoxy substituents of a
dialkoxyphenyl group can be the same; or alternatively, the alkoxy substituents of a dialkoxypheoyl group

can be different.

{6074}  In other non-limiting embodiments, R' can be a phenyl group, a 2-halophenyl group, a 3-halo-
phenyl group, a 4-halophenyl group, a 2,6-dihalophenylgroup, or a 3,5-dialkylphenyl group; alternatively,
a 2-halophenyl group, a 4- balophenyl group, or a 2,6-dihalophenyt group; altematively, a 2-halophenyt
group or a 4-halophenyl group; alternatively, a 3-halophenyl group or & 3.5-dihalopheny! group;
alternatively, a 2-halophenyl group; alternatively, a 3-halophenyl group; alternatively, a 4-halophenyt
eroup; alternatively, a 2,6-dihalophenyl group:; or alternatively, a 3,5-dihalophenyt group. Halides are
independently described herein and can be utilized, without limitation, to further describe the halophenyl
or dibalopheny! groups that can be utitized R'. Generally, the hatides of a dihatophenyl group can be the

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

[B075] in a non-limiting embodiment, R' can be a 2-methylphenyl group, a 2-ethylphenyl eroup, a
2-n-propviphenyl group, a 2-isopropylphenyl group, a 2-tert-butyipheny! group, a 3-methylphenyl group,
a 2,6-dimethylphenyl group, a 2,6-diethylphenyl group, a 2,6-di-n-propvipheny! group, a 2,6-ditsopropyl-
pheoyl group, a 2,6-di-tert-butyiphenyl group, a Z-isopropyl-G-methylphenyl group, a 3,5-dimethyl group,
or a 24.6-trimethylphenyl group:; alternatively, a Z-methyiphenyl group, a Z-ethylphenyt group, a
2-n-propyiphenyl group, a 2-isopropyiphenyl group, or a 2-tert-butylphenyl group:; alternatively, a

2, 6-dimethylpheny! group, a 2,6-diethylphenyl group, a 2,6-di-n-propyiphenyl group, a 2,6-ditsopropyl-
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phenyl group, a 2.6-di-tert-butylphenyl group, or & 2-isopropyl-G-methyiphenyi group; aslternatively, a
2-methyiphenyl group; alternatively, a Z-cthylphenyl group; alternatively, a Z-n-propylphenyl group;
alternatively, a 2-isopropylphenyl group; alternatively, a 2-tert-butylphenyvl group; alternatively, a
3-methylpheny!l group; alternatively, a 2,6-dimethylphenyl group; alternatively, a 2,6-diethylphenyl
group; alternatively, a 2,6-di-o-propyiphenyl group; alternatively, a 2.6-dusopropylphenyl group;
alternatively, a 2.6-di-tett-butylphenyl group; alternatively, a 2-isopropyl-6-methyipbenyl group;
alterpatively, a 3,5-dimethylphenyl group: or alternatively, a 2.4,6-trimethylphenyl group. In another
non-limiting embodiment, R' can be a Z-methyloyclobexyl group, a 2-cthyleyclohexyl group, a
Z2-sopropyleyelohexyl group, a 2-tert-butyleyclohexyl group, a Z.6-dimethyicyclohexyl group, a
2. 6-dicthylcyelohexyl group, a 2,6-dusopropylevelohexyl group, or a 2,6-di-tert-butvicyclohexyl group;
alternatively, a 2-methyicyclohexyl group, a 2-cthyleyclohexyl group, a 2-isopropyloyclohexyl group, or
a 2-tert-butyleyclohexyl group; alterpatively, a 2,6-dimethyleyclohexyl group, a 2,6-diethyloyciohexyl
group, a 2.6-diisopropyloyelohexyl group, or a 2.6-di-tert-butyicyclohexyl group; alternatively, a
Z-methyleyelohexyl group; altematively, a 2-ethvicyclohexyl group; altematively, a 2-isopropyl-
cyclobexyl group; alternatively, a 2-tert-butyleyclohexyl group; alternatively, a 2,6-dimsethyleyciohexyl
group; alternatively, a 2,6-diethyloyclohexyl group; alterpatively, a 2,6-ditsopropylcyciohexyl group; or
alternatively, a 2,6-di-tert-butylcyciohexyl group. In another non-limiting embodiment, R’ can be a
Z-methyinaphth-1-vl group, a 2-ethylnaphth-1-y1 groop, a Z-n-propylnaphth-1-vl group, a 2-isopropyl-
naphth-i-yl group, or a 2-tert-butylnaphth-1-vl group; alternatively, a 2-methylnaphth-1-yl group;
altervatively, a 2-ethylnapbth-1-yi group; alternatively, a 2Z-n-propyinaphth-1-vl group; alternatively, a

2-tsopropylnaphth-1-yl group; or alternatively, a 2-tert-butylnaphth-1-v1 group.

10876]  In a non-limiting embodiment, R' can be a 3-methoxyphenyl group, a 3-ethoxyphenyl group, a
3-isopropoxyphenyl group, a 3-tert-butoxyphenyl group, a 4-methoxyphenyl group, & 4-ethoxvphenyl
group, a 4-isopropoxyphenyl group, a 4-tert-butoxyphenyl group, a 3,5-dimethoxyphenyl group, a
3, 5-dicthoxyphenyl 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 group; alternatively, a 4-methoxyphenyl group, a 4-ethoxyphenvl group, a 4-1sopropoxy-
phenyl group, or a 4-tert-butoxyphenyl group; or alternatively, a 3,5-dimethoxyphenyl group, a
3,5-diethoxyphenyt group, a 3,5-diisopropoxyphenyl group, or a 3,5-di-tert-butoxypbenyl group. In other
non-limiting embodiments, R' can be a 3-methoxyphenyl group; alternatively, a 3-ethoxyphenyl group;
alternatively, a 3-isopropoxyphenyi group; alternatively, a 3-tert-butoxyphenyl group; alternatively, a
4-methoxyphenyl group; alternatively, a 4-ethoxyphenyl group; alternatively, & 4-isopropoxyphenyl

group; alternatively, a 4-ert-butoxyphenyl group; alternpatively, a 3,5-dumethoxyphenyl group;
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alternatively, a 3,5-diethoxyphenyl group; alternatively, a 3,5-duisopropoxyphenyl group; or alternatively,

-

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

{60777 Inan aspect, R” and R™ independently can be hydrogen, an organyl group, or a triorganylsilyl
group; alternatively, hydrogen or an organyl group; alternatively, hydrogen or a tnorganylsilyl group;
alternatively, hydrogen; alternatively, an organyl group; or altematively, a triorganyistiyl group. In
another aspect, R™ and/or R™ independently can be hydrogen, an organyl group cousisting essentially of
inert functional groups, or a tri{organy! group consisting essentially of nert functional groups)sityl group;
alternatively, hydrogen or an organyl group consisting essentially of inert functional groups; alternatively,
bydrogen or a tri{organyl group consisting essentially of wert functional groups)silyl group; alternatively,
an organyl group consisting esseptially of inert funciional 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 i(organyl group consisting essentially of inert functional
groups)silvl group. Tn an aspect, R™ and R™ independently can be hydrogen, a hydrocarbyl group, or a
trihvdrocarbylsilyl group; alternatively, hydrogen or a hydrocarby! group; altematively, hydrogen or a
trthydrocarbylsilyl group; alterpatively, a hydrocarbyl or a trihydrocarbylsilyl group; alterpatively, a
bydrocarbyl group; or alternatively, a trihydrocarbylsilyl group. Organyl groups, general and specific, are
disclosed hercin {c.g., as potential selections for R') and any aspect or embodiment of these organyl
groups disclosed herein can be utilized as R™ and/or R™ or as each independent organy! group of the

%

triorganylsilyl group which can be utilized as R™ and/or R™. Organyl groups consisting essentially of
inert functional groups, seneral and specific, are disclosed herein {e.g., as potential selections for RY) and
any aspect or embodiment of these organyl groups consisting essentially of inert functional group
disclosed herein can be utilized as R™ and/or R™ or as cach independent organyl group consisting
essentially of mert functional groups of the tri(organyl group consisting essentially of mert functional

b

groups)silyl group which can be utilized as R™ and/or R”, Hydrocarby! groups, general and specific, are
disclosed herein (2.g., as potential selections for R') and any aspect or embodiment of these hydrocarbyl
oroups disclosed herein can be utilized as R™ and/or R™ or as cach independent hydrocarbyl group of
trihydrocarbylsilyl group which can be utilized as R™ and/or R™. In yet other embodiments, R™ and/or
R™ independently can be a C; to (i aromatic group; alternatively, a €y to Co aromatic group;

alternatively, a C; to Cys aromatic group; ot alternatively, a C; to Cyp aromatic group.

[0878]  In an aspect, R™ and R™ independently can be a €, to Cy atkyl group, a Cy to Oy cycloalkyl
group, a Cs to Cy sobstituted coycloalkyl group, a Ce to Cse aryl group, or a Cg to Cyp substituted aryl
group; alternatively, a C; to Gy cycloaltkyl group or a C4 to Cy substituted cycloatkyl group;

alternatively, a Cq to Csg arvl group or a (g to Csg substituted aryl group; alternatively, a C; to Cy, alkyl
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group; alternatively, a Cy t0 Cso cycloalkyl group; alternatively, a Gy to Cse substituted cyeloalkyl group;
alternatively, a Cq to Csp aryl group; or alternatively, a Cg to Cs, substituted arvl group. In an embodiment
R™ and R™ independently can be a € to €5 alkyl group, a s to Cy oycloalkyl group, a T4 to Cy
substitited cycloalkyl group, a Cs to Ty arvl group, or a Cg to Cy substituted aryl group; alternatively, a
C4 to Cy oycloalkyl group or a Gy to Cyp substituted cycloatkyl group; alternatively, a Cq to Cyg aryl group
or a Cg to Uy substituted aryl group; alternatively, a € to Ci;s alky! group; alternatively, a Cs to Cy
cycloalkyl group; alternatively, a Cy to Cy substituted cycloalkyl group: alternatively, a Cg to Ty aryl
group; or alternatively, a C¢ to Cye substituted aryi group. [In other embodiments, R™ and R™
mdependently can be a C, to Cyp alkyl group, a C, to Cis cycloatlkyl group, a C, to Cys substituted
cyeloalkyl group, a Cg to Cis arvl group, or a Cg to Cys substituted aryl group; alternatively, a 4 to Cis
cycloalkyl group or a C; to €5 substituted cycloatkyl group; alternatively, a Cq to Cys aryl group or a Gy
to Cys substituted aryl group; alternatively, a C, to Cyp alkyl group; altemmatively, a Cy to Cys cycloalkyl
group; alternatively, a 4 to €5 substituted cycloalkyl group; alternatively, a Cy to Cys aryl group; or
alternatively, a (e to €5 substituted aryl group. In further embodiments, R™ and R™ independently can
be a ) to Cs alkyl group. Substituents {gencral and specific) ave independently disclosed herein and can
be utilized without limitation to further describe substituted groups which can be utilized as R™ and/or

~

R™.

{6679]  Inan embodiment, R™ and R™ 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 nooyl group, or a
decyt group. In some embodiments, R* and R independently can be a methyl group, an ethy! group, an
a-propyl group, an isc-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 groap, a sec-pentyl group, or a neopentyl group; alternatively, a
methyl group, an ethyl group, an so-propyl group, a tert-butyl group, or a neopentyl group; alternatively,
a methyl group; altomatively, an cthyl group; altematively, an n-propyl group; altematively, an iso-propyl
group; alternatively, a tert-butyl group; or alternatively, a ncopentyl group. In some embodiments, the
alkyl groups which can be utilized as R™ and/or R”" can be substituted. Each substituent of a substituted
atkyl group independently can be a halogen or a hydrocarboxy group; alternatively, a halogen; or
alternatively, a hydrocarboxy group. Halogens and hydrocarboxy groups (general and specific) are
independently disclosed hercin (e.g., as general substituents and substituents for substituted R' groups)
and can be utihized without Limitation to further describe the substituted atkyl group which can be utilized

as R* and/or R%,

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

cvelobutyl group, a cyclopentyl group, a substituted cyclopentyl group, a cyclchexyl 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, R™ and R independently can be a cyclopentyl
group, a substituted cyclopentyl group, a cyclohexyl group, or a substtuted cyclobexyl group. In other
embodiments, R™ and R independently can be a cyclopenty! group or a substituted cyclopentyl group;
or alternatively, a cyclohexyl group or a substituted cyclohexyl group. In further embodiments, R™ and
R™ independently can be a cyclopentyl group; alternatively, a substituted cyclopentyl group; a cyclohexyl
group; or shternatively, a substituted cyclohexyl group.  Substituents {general and specific) arce
independently disclosed herein and can be utilized without limiutation to further describe the substituted

cycloatkyt group which can be utilized as R™ and/or R
[0081]  Inanaspect, R® and R” independently can have Structure G3 and Structure (4, respectively:

R4%e R:SC

R31 o]

R\BAC R35C

Structure 3 Structure (4

wherein, the undesignated valency of Structure 53 and Structure G4 is attached to the N nitrogen atom
of the N -phosphinyl guanidine group. Generally, R7, R™, R™, and R™ of Stracture G3 and 7', ™,
R and R™™ of Structure G4 independently can be hydrogen or a non-hydrogen substituent, and each n
mdependently can be an mteger from 1 to 5. In an embodiment wherein R™ has Structure (3, R*™, R™,
R and R™" can be hydrogen and R* can be any non-hydrogen substituent disclosed hereing or
alternatively, R™%, R™, and R™™ can be hydrogen and R and R™ independently can be any non-
hydrogen substituent disclosed herein.  In an embodiment whercin R™ has Structure G4, R, &7, 1**,

3Zc

and R™ can be hydrogen and R°™ can be any non-hydrogen substituent disclosed herein; or alternatively,
R R, and R* can be hydrogen and R7™ and R** independently can be any non-hydrogen substituent
disclosed herein. In an embodiment, each n independently can be an integer from 1 to 4; or alternatively,
from 2 to 4. In other embodiments, cach n independently can be 2 or 3; alternatively, 2; or altcrnatively 3.
Substituents (general and specific) are independently disclosed herein and can be utilized without
limitation as R7'C, R¥°, R™, and R*° for the R™ group having Structure G3 and/or B, R°*, R™ and

3Sc ¢ 3 2b : ~ —~
R for the R™ group having Structure G4.

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

group. In an embodiment, the R™ and R™ substituted phenyl group independently can be a 2-substituted
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phenyl group, a 3-substituted phenyl group, a 4-substituted phenvl group, a 2,4-disubstiuted phengyt
group, a 2.6-disubstituted phenyl group, a 3,5-disubstituted phenyl group, or & 2,4,6-trisubstituted pheayl
group. In other embodiments, the R™ and R™ substituted phenyl growp independently 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 phenvl
group, a 4-substituted phenyl group, a 2,4-disubstituted phenyl group, or a 2,6-disubstituted phenyl group;
alternatively, a 3-subsituted pheonyl eroup or a 3.5-disubstituted phemyl group; aliernatively, a
2-substituted phenyl group or a 4-sabstitted phenyl group; alterpatively, a 2.4-disubstitated phenyl
group, 8 2,6-dispbstituted phenyl group, or a 2,4,6-trisubstituted phenyt group; alternatively, a
2. 6-disubstituted phenyl group or a 2,4,6-trisubstituted phenyl group; alternatively, a 2,4-disubstituted
phenvl group or a 2.6-disubstitted phenyl group: alternatively, a 2-substituted pheayl 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-cisabstituted phenyl group; or alternatively, a 2,4,6-trisubstituted phenyl group. Substituents (general
and specific) are independently disclosed herein and can be wiihized without Houtation to further describe

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

[0083]  Inan aspect, R” and R” independently can have Structure G35 and Structure G6, respectively:

gi R22 R3s R82
7\ ra
R4 /// ) « R34 N
— / m-\ .......
b \a26 136 1226
Structure G3 Structure Gf

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

and R* can be non-hydrogen substituents. In some embodiments, R, R”, R”, and R™ of Structure G5
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can be hydrogen and R™ can be a non-hydrogen substituent, R, R, R”, and R™ can be hydrogen and
"y ' sa s e i
R* can be a non-hydrogen substituent, R”, R™, and R™ can be hydrogen and R* and R™ can be non-

: 23 24 25 22 26
hydrogen substituents, R™, R™, and R™ can be hydrogen and R™ and R™ can be non-hydrogen
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substituents, or R and R™ can be hydrogen and R, R™, and R™ can be non-hydrogen substituents;
alternatively, R”, R™, R®, and R™ can be hydrogen and R¥?canbea non-hydrogen substituent, R¥ RZ,
R”, and R can be hydrogon and R™ can be a non-hydrogen substituent, R”, R™, and R™ can be
hydrogen and R™ and R™ can be non-hydrogen substituents, or R*, R”, and R® can be hydrogen and R™
and R™ can be non-hydrogen substitucnts; alternatively, R, R™, R”, and R™ can be hydrogen and R™
can be a non-hydrogen substituent, or R, R™, and R™ can be hydrogen and R” and R™ can be non-
hydrogen substituents; alternatively, R, R* R¥, and R™ can be hydrogen and R™ can be a non-
hydrogen substituent, or R”, R”, R”, and R™ can be hydrogen and R™ can be a non-hydrogen
substituent; alternatively, R™, R”, and R™ can be hydrogen and R™ and R™ can be non-hydrogen
substitoents, R®, R*, and R™ can be hydrogen and R and R™ can be non-hydrogen substituents, or R”
and R* can be hydrogen and R™ R*, and R™ can be non-hydrogen substituents; or alternatively, RE, R,
and R™ can be hydrogen and R™ and R™ can be non-hydrogen substituents, or R, R™, and R™ can be
hydrogen and R™ and R™ can be non-hydrogen substituents. In other embodiments, R”, R”, R”, R”,
and R™ of Structure G35 can be hydrogen; alternatively, R¥, R™ R¥, and R can be hydrogen and R can
be a non-hydrogen sobstituent; alternatively, R™, R, R¥, and R* can be hydrogen and R” can be a non-
hydrogen substituent; alternatively, R, R, R™, and R*® can be hydrogen and R™ can be a non-hydrogen
substituent; alternatively, R”, R”, and R can be hydrogen and R™ and R™ can be nen-hydrogen
substituents; alternatively, R”, R™, and R™ can be hydrogen and R™ and R™ can be non-hydrogen
substituents; alternatively, R™, R™, and R* can be hydrogen and R™ and R™ and can be non-hydrogen
substituents; or alternatively, R and R” can be hydrogen and R, R™, and R™ can be non-hydrogen
substituents.  In an embodiment, B%, R, R, R, and R of Structure G6 can be hydrogen, RY R*,
R, and R’ can be hydrogen and R* can be a non-hydrogen substituent, R™, R*, R”, and R can be
hydrogen and R* can be a non-hydrogen substituent, R%, R, R™, and R™ can be hydrogen and R can
be a non-hydrogen substituent, R, R™, and R can be hydrogen and R* and R can be non-hydrogen
substituents, R, R, and RY can be hydrogen and R* and R*® can be non-hydrogen substituents, R¥,
R, and R™ can be bhydrogen and R” and R can be non-hydrogen substituents, or R and R™ can be
bhydrogen and R¥, R* and R can be non-hydrogen substituents. In some embodiments, R¥, R* R™,
and R* of Structare G6 can be hydrogen and R can be a non-hydrogen substituent, R* R¥ R and R
can be hydrogen and B> can be a non-hydrogen substituent, R, R™, and R can be hydrogen and R

- . 33 34 38 32 »
and R** can be non-hydrogen substituents, R, R*, and R can be hydrogen and R and R*® can be non-
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hydrogen substituents, or R and R can be hydrogen and R”, R™, and R™ can be non-hydrogen
substituents; alternatively, R®, R™, R, and R* can be hydrogen and R’ can be a non-hydrogen
substituent, R”, Rzg, R35, and R™ can be hydrogen and R*canbe a non-hydrogen substituent, Rzg, R35,
and R™ can be hvdrogen and R and R™ can be non-hydrogen substituents, or R, RY, and R* can be
hydrogen and R” and R°® can be non-hydrogen substituents; alternatively, R, R™, R”, and R™ can be
hydrogen and R™ can be a non-hydrogen substituent, or R, R™, and R* can be hydrogen and R and R
can be non-hydrogen substituents; alternatively, ™, R™, R®, and R* can be hydrogen and R™ can be a
non-hydrogen substituent, or R, R”, R™, and R can be hydrogen and R™ can be a non-hydrogen
substituent; alternatively, R, R”, and R™ can be hydrogen and R” and R™ can be non-hydrogen
substituents, R™, K™, and R> can be hydrogen and R™ and R™ can be non-hydrogen substituents, or R
and R™ can be hydrogen and R, RY, and R*® can be non-hydrogen substituents; or alternatively, R R®,
and R* can be hydrogen and R and R™ can be non-hydrogen substituents, or R, R™, and R™ can be
hydrogen and R and R* can be non-hydrogen substituents. o other embodiments, R¥ R¥, R* RY,
and R’ of Structure G6 can be hydrogen; alternatively, R”, R™, R”, and R can be hydrogen and R™ can
be a non-hydrogen substituent; altematively, R, R R”, and R™® can be hydrogen and R can be a non-
hydrogen substituent; alternatively, R, R”, R”, and R* can be hydrogen and R™ can be a non-hydrogen
substituent; alternatively, R, R”, and R can be hydrogen and R and R can be non-hydrogen
substitoents; alternatively, R¥, R™ and R can be hydrogen and R* and R™ can be non-hydrogen
substituents; alternatively, R, R™, and R™® can be hydrogen and R™ and R and can be non-hydrogen
substituents; or alternatively, R” and R” can be hydrogen and R, R, and R™ can be non-hydrogen
substituents. Substituents {general and specific) are wndependently disclosed heretn and can be utilized
without Himitation as R, R, R*, R”, and/or R™ for the R® group having Stroctare GS and/or R¥ R¥,

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

[0084]  In a non-limiting embodiment, R™ and R™ independently can be a phenyl group, a Z-afkyl-
phenyl group, a 3-alkylphenyl group, a 4-atkylphenyl group, a 2,4-diatkyiphenyl group, a 2,6-diatkyl-
phenyl group, a 3,5-dialkylphenyl group. or a 2,4,6-trialkylphenyl group: alternatively, a 2-alkyiphenyl
group, a 4-alkylphenvyl group, a 2,4-dialkylphenylt groap, a 2,6-dialkyiphenyl group, or a 2,4,6-trialkyl-
phenyl group; altematively, a 2-alkyipheny! group or a 4-alkviphenyl group; aiternatively, a 2,4-dialkyl-
pheoyl group, a 2,6-diatkyipheny! group, or a 2,4, 6-trialkylphenyl group; aliernatively, a 2,4-dialkyl-
phenyl group or a 2,6-dialkylphenyl group; alternatively, a 2,6-dialkylphenyl group, or a 2.4,6-triatkyl-
phenyl group; alternatively, a 3-alkyiphenyl group or a 3,S-dialkyiphenyl group; alternatively, a 2-alkyl-
phenyl group or a 2,6-dialkylphenyl group; alternatively, a 2-altkyiphenyl group; alternatively, a 3-alkyi-

phenyl group; alternatively, a 4-alkylphenyl group; alternatively, a 2 4-dialkylphenyl group; altematively,
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a 2,6-diatkylphenyl group; alternatively, a 3,5-dialkyiphenyl group; or alternatively, a 2,4,6-trialkylphenyt
group. In another non-limiting embodiment, R* and R™ independently can be a phenyl group, a
2-atkoxyphenyl group, a 3-alkoxyphenyl group, a 4-alkoxyphenyl group, or 3,5-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-atkoxypheny! group;
alternatively, a 4-alkoxyphenyl group; altematively, 3,5-diatkoxyphenyl group. In other non-limiting
embodiments, R™ and R™ independently can be a phenyl group, a 2-halophenyl group, a 3-halophenyl
group, a 4-halophenyl group, a 2.6-dihalophenvigroop, or a 3.5-dialkyiphenyl group; alternatively, a
2-halophenyl group, a 4- halopheoyl group, or a 2. 6-dihalophenyl group; alternatively, a 2-halophenyl
group or a 4-halophenyl group; altematively, a 3-halophenyl group or & 3.5-dihalophenyl group;
alternatively, a 2-halophenyl group; alternatively, a 3-halophenyl group; alternatively, a 4-halophenyt
eroup; alternatively, a 2,6-dihalophenyvigroup; or alternatively, a 3,5-dibalophenyl group. Halides, alkyl
group substituents (general and specific), and alkoxy group sobstituents (general and specific} are
mdependently deseribed herein and can be utilized, without mitation, to further deseribe the alkyiphenyl,
dialtkylphenyl, triatkylphenyl, alkexyphenyl, dialkoxyphenyl, halophenyl, or dihalopbenyl groups that can
be utilized as R™ and/or R™. Generally, the halides, alkyl substituents, or alkoxy substituents of a diafkyl,
triatkyl phenyl, dialkoxyphenyl, or dihalophenyi groups can be the same; or alternatively the halo, alkyl
substituents, or alkoxy substitaents of alkyiphenyl, dialkylphenyi, trialkylphenyl, dialkoxyphenyl, or

dihalophenyl groups can be different.

[6085] in a von-funiting crubodiment, R™ and R™ independently can be a 2-methylpheny! group, a
2-ethyviphenyl group, a 2-isopropylphenyl group, a Z-tert-butyiphenyl eroup, a 4-methylphenyt group, a
4-cthyiphenyl group, a 4-1sopropylphenyl groop, or a 4-tert-butylphenyl group; alternatively, a 2-methyl-
phenyl group, a Z-ethylphenyl group, a 2-isopropylphenyl group, or a 2-tert-butylphenyl group;
afteroatively, a 4-methylphenyl group, a 4-ethyipheny! group, a 4-isopropylphenyl group, ot a 4-tert-
butylphenyl group; alternatively, a 2-methylphenyl group; alterpatively, a 2-cthylphenyl group;
alternatively, a Z-isopropylphenyl group; alternatively, a 2-tert-butylphenyl group: alternatively, a
4-methyiphenyl groop; alternatively, a 4-cthylphenyl group; alternatively, a 4-isopropylphenyt group; or
alternatively, a 4-tert-butylphenyl group. In another non-Hmiting embodiment, R™ and R™ independently
can be a 2-methoxyphenyl group, a 2-ethoxyphenyl group, a 2-isopropoxypheny! group, a 2-tert-butoxy-
phenyl group, a 4-methoxyphenyl group, a 4-ethoxyphenyl group, & 4-isopropoxyphenyl group, or a 4-
tert-butoxyphenyl groop; alternatively, a 2-methoxyphenyt group, a Z-ethoxyphenyl group, a
2-isopropoxypheny] group, or a 2-tert-butoxyphenyl group; altematively, a 4-methoxyphenyl group, a

4-ethoxypbernyl group, a 4-isopropoxyphenyl group, or a 4-tect-butoxyphenyl group; altersatively, a
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Z-rasthoxyphenyl group; altematively, a Z-ethoxypheny! group; alternatively, a 2Z-isopropoxyphenyt
eroup; alternatively, a 2-tert-butoxyphenyl group; alternatively, a 4-methoxyphenyl group; altecnatively, a
4-ethoxyphenyl group; alternatively, a 4-isopropoxyphenyl group; or alternatively, a 4-tert-butoxyphenyl
group. In other non-limiting embodiments, R™ and 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-chilorophenyl group, a 3,5-diffucrophenyt group, or a 3,5-dichloropheny! group; slternatively, a
2-fluorophenyl group or a 2-chlorophenyl group; alternatively, a 3-flucrophenyl group or a 3-chloro-
phenyl group; alternatively, a 4-fluorophenyl group or a 4-chlorophenyl growp; alternatively, a
3.5-difluorophenyl group or a 3,S-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-diftuorophenyt group; alternatively, a 2-fluorophenyl group; alternatively, a
2-chlorophenyl group; alternatively, a 3-fluorophenyl group; alternatively, a 3-chlorophenyl group;
alternatively, a 4-tlucrophenyi group; alternatively, a 4-chlorophenyl; alternatively, a 3,5-difloorophenyl

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

[0086] In an embodiment, R™ and R™ independently can be a trihydrocarbylsilyl group. The
tribydrocarbylsilyl group can have the general formula SiR; where R is a hydrocarbyl group of the type
disclosed herein.  In some embodiments, each hydrocarbyl group, of the inhydrocarbylsilyl group
substituent of R™ and/or R™, independently can be an alkyl group, an aryl group, or an aralkyl group;
afternatively, an alkyl group; alternatively, an aryl group; or altematively, an aralkyl group. In an
embodiment, each alkyl substituent, which can be utiized as R for any trihydrocarbylsilyl group
substituent of R* and/or R™ (general or specific), independently can be a methyl group, an ethyl group,
an n-propyl group, an isopropyl group, an n-batyl 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 Z-methyl-1-butyl group, a tert-pentyl
group, a 3-methyl-1-butyl group, & 3-methyl-2-butyl group, or a neo-pentyi group; altematively, a methyl
group, an cthyl group, an isopropyl group, a tert-butyl group, or a neo-pentyl group; alternatively, a
methyl group; alterpatively, 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 trihydrocarbylsilyl group of R* and/or R™ (general or specific), independently can
be a phenyl group, a tolyl group, a xylyl group, or a 2,4,6-trimethylphenyl group; alternatively, a pheoyl
group; alternatively, a tolyl group; alternatively, a xylyl group; or alternatively, a 2.4,6-trimethyliphenyt
group. In an embodiment, each aralkyl substituent, which can be utilized as R for any tribydrocarbylsiiyl

p . ~ vy 24 . 2 PN
group substituent of R™ and/or R™ (general or specific), independently can be a benzyl group.
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0087]  In an embodiment, the trihydrocarbylsilyl group which can be utilized as R™ and R
tndependently can be a trialkylsilyl group, a triacyisityl group, or a rialkary! silyl group; alternatively,
trialkoylsilyl group; slternatively, a triarylsilyl group; or alternatively, a trialkaryl silyl group. In some
embodiments, each trihydrocarbyl group which can be otilized as R™ and/or R™ independently can be a
trimethvlsilyl group, a triethylsilyl group, a ipropylsityl group, a triphenylsilyl group, or a tribenzylsiivl
group; alternatively, a trimsthylsdyl group, a triethylsilyl group, or a tripropylsityl group; altematively, a
trimethylsilyl eroup; alternatively, a triethylsilyl group; alternatively, a tripropylsilyl group; alternatively,

a triphenylsilyl group; or alternatively, a tribenzylsibvl group.

{0088}  Inan aspect, R’ can be hydrogen. In another aspect, R can be an organyl groap; alternatively,
an organyl group consisting essentially of mert functional groups; or alternatively, a hydrocarbyl group.
Organyt groups (geoeral and specific) are disclosed herein (e.g., as potential selections for R') and any
aspect or embodiment of these organyl groups disclosed berein can be utilized as R, Crganyl groups
consisting essentially of inert functional groups (general and specific) are disclosed herein {e.g.. as
potential selections for R') and aspect or embodiment of these organyl groups consisting cssentially of
inert functional group disclosed herein can be utilized as R’. Hydrocarbyl groups (general and specific)
are disclosed herein {e.g., as potential selections for R’ and aspect or embodiment of these hydrocarbyl
groups disclosed herein can be utilized ag R I vet other embodiments, R’ can be a €5 to Cyp aromatic
group; alternatively, a C; to Ty aromatic groap; alternatively, 8 Cato Cps aromatic group; or alternatively,

a (s to Cpp aromatic group.

(6889} In an aspect, R can be a €, to Cy alkyi group, a €, 1o Cso cycloatkyl group, a C; to Cyo
substituted cycloalkyl group, a Cs to Cse aryl group, or a Cs to Cso substituted aryl group; alternatively, a
C, to Cs oycloalkyl group or a Cy to Cyp substituted cycloatkyl group; alternatively, a Cq to Cyg aryl group
or a Cg to s substituted aryl group; alternatively, a C; to Gy alky! group; altematively, a C; to Cy
cycloalkyl group; alternatively, a €, to Cyp substituted cycloatkyl group; alternatively, a Cg to Cy aryl
group; or alternatively, a Cy to Gy substituted aryl group. In an embodiment, RicanbeaC o Cs atkyl
group, a C4 to Oy oycloalkyl group, a C4 to Oy substituted oycloalkyl group, a Cg to Cyp aryl group, or a
Ce 10 Cyo substituted aryl group; alternatively, a Cy to Oy cycloalkyl group or a €, to Ty substitoted
cycloalkyl group; alternatively, a Cq to Cyp aryl group or a Cg to Oy substituted aryl group; alternatively, a
Cy to s altkyl group; alternatively, a Cy to Cy cycloalkyl group; alternatively, a C, to Cyy substituted
cycloatkyl group; alternatively, a (g to Cy aryl group; or alternatively, a Cq to Cyp substituted aryl group.
In other embodiments, R can be a C, to Cyo alkyl group, a C4 to C;5 cyeloalkyl group, a Cy to Cis
substitoted eycloatkyl group, a Ce to Cys aryl group, or a Cg to Cis substituted aryl group; alternatively, a

C, to Cys evcloalkyl group or a Gy to Cis substituted cycloalkyl group; alternatively, a Cq to Cs arvl group
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or a Cg to Cy5 substituted aryl group; alternatively, a C; to Cyo alkyl group; altematively, a C; to Cis
cycloalkyl group; altecnatively, a Cy to €5 substituted cycloalkyl group: alternatively, a Cg to Cys aryl
group; or alternatively, a Cq to €5 substituted aryl group. In further embodiments, R can be a C, to Cs
atkyl group. Substitucnts {(general and specific) are independently disclosed herein and can be utilized

without fimitation to further describe substituted groups which can be utilized as R,

[{0090]  In an embodiment, R' can be a methyl group, an ethyl group, a propyl group, a butyl group, a
pentyl group, a hexyl group, a beptyl group, an octyl group, a noayl 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 isc-butyl group, a sec-butyl group, a tert-butyl group, an n-penty! group, an iso-pentyl
group, a sec-pentyl group, or a neopentyl group; alternatively, a methyl group, an ethyl group, an iso-
propyl group, a tect-butyl group, or a veopentyl group; altemnatively, a methyl group; alternatively, an
athyl group; alternatively, an n-propyl group; alternatively, an iso-propyl group; alternatively, a tert-butyl
eroup; or alternatively, a neopentyl group. In some embodiments, the alkyl groups which can be utihized
as R* can be substituted. Fach substituent of a substituted alkyl group independently can be a halogen or
a hydrocarboxy group; alternatively, a halogen; or alternatively, a hyvdrocarboxy group. Halogens and
hydrocarboxy groups (general and specific) are independently disclosed hercin (e.g., as gencral
substituents and substituents for substitoted R' groups) and can be utilized without Hmitation to further

describe the substituted alkyl group which can be utilized as R

[0091]  Tn an embodiment, R’ can be a cyclobuty! group, a substituted cyclobutyl group, a cyclopentyl
group, a substituted cyclopentyl group, a cyclohexyl group, a substituted cyclohexyl group, a cvclohepivl
group, a substituted cycloheptyl group, a cyclooctyl group, or a substituted cyclooctyl group. In some
embodiments, R’ can be a oyclopentyl group, a substitated cyclopentyl groap, a eyclohexyl group, or a
substituted cyclohexyl group. In other embodiments, R’ can be a cyclopentyl group or a substituted
cyclopentyl group; or alternatively, a cyclohexyl group or a substituted cyclohexyl group.  In further
embodiments, R” can be a cyclopentyl group; alternatively, a substituted cyclopentyl group; a cyclohexyl
group; or alternatively, a substituted cyclohexyl group. Substitoents (general and specific) are
independently disclosed herein and can be utilized without Himitation to further describe the sobstituted

eyeloalkyl group which can be utilized as R,

{0092}  Inaoaspect, R’ can have Structure G11:
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Structure 11

wherein, the undesignated valency is attached to the N” nitrogen atom of the N°-phospbinyl guanidine
6le 2¢ 3¢ Bde 65¢c .
group. Generally, R™, R™, R*", R*™, and R™ independently can be hydrogen or a non-hydrogen
. . . ~ . . 3 : 6le
substituent, and 1 can be an integer from 1 to 5. In an cmbodiment wherein R has Structure Gi, RO
63 de 53¢ | ; 2 . . .
R R, and R®™ can be hydrogen and R can be any non-hydrogen substituent disclosed herein; or

C

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

R R R and/or R™ for the R group having Structure G11,

{00937  In an embodiment, R® can be a phenyl group or a substituted phenyl group. In some
embodiments, R’ can be a phenyl group; or alternatively, a substituted phenyl group. In an embodiment,
the R? substituted phenyl group can be a 2-substituted phenyl group, a 3-substitated phenyl sroup, a 4-
substitoted phenyl group, a 2, 4-disubstituted phenyl group, a 2,6-cdisubstituted pheoyl group, a 3,5-
disubstituted phenyl group, or a 2,4,6-trisubstituted pheny! group. In other embodiments, the R’
substitited phenyl group can be a 2-substituted phenyl group, a 4-substituied pheayl group, a 2,4-
disubstituted phenyl group, a 2,6-disubstituted phenyl group, or a 2.4, 6-tnsabstituted phenyl group;
alternatively, a 2-substituted phenyl group, a 4-substitoted phenyl group, a 2,4-disubstitoted phenyl group,
or a 2,6-disubstituted phenyl group; alternatively, a 3-subsituted pheonyvl group or a 3,5-disubstituted
phenyl group; alternatively, a Z-substituted pheoyl group or a 4-substituted phenyl group; alternatively, a
2.4-disubstituted phenyl group, a 2,6-disubstituted phenyl group, or a 2,4,6-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-sabstituted phenyl
group; alternatively, a 3-substituted pheonyl group; altersatively, 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-irisubstituted phenyl group.
Substitaents (general and specific) are independently disclosed herein and can be utilized without

limitation to further describe any substituted phenyl group which can be utilized as R’
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[0094]  Inan aspect, R’ can have Structure G12:

R63 62
RA *
RSt \*, Structure G12
REE <R68

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

63 Tyb4 6S 66
. R, R, R®, and R® can be hydrogen,

[

substituent. In an embodiment wherein R has Structure G12, R
R® R¥ R®, and R™ can be hiydrogen and R¥ canbea non-hydrogen substituent, R® R® R® and R®®
can be hydrogen and R” can be a non-hydrogen substituent, R™, R®, RY, and R™ can be bydrogen and
R™ can be a non-hydrogen substitment, R®, R®, and R® can be hydrogen and R” and R can be non-

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

63

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

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

Structure G12.

{0095}  In a non-limiting embodiment, R® can be a phenyl group, a Z-alkyiphenyl group, a 3-alkyl-
phenyl group, a 4-alkylphenyl group, a 2,4-dialkylphenyl group, a 2,6-dialkylphenyl group, a 3,5-dialkyi-
phenyl group, or a 2,4,5-trialkyipheoyl group; alternatively, a 2-alkylphenyl group, a 4-alkylphenyi group,
a 2, 4-dialkyipbenyl group, a 2,6-dialkylphenyl group, or a 2,4,6-trialkylpbeny! group; altersatively, a
Z-altkyipbenyl group or a 4-aikylpheny! group; alternatively, a 2.4-diatkylphenyl group, a 2,6-diatkyl-
phenyl group, or a 2.4,6-trialkylphenyl group; alternatively, a 2,4-dialkylphenyl group or a 2,6-diatkyi-
phenyl group; alternatively, a 2,6-dialkylphenyl group, or a 2,4,6-trialkyiphenyl group; alternatively, a
3-alkyipbenyl group or a 3,5-dialkylphenyl group; alterpatively, a Z-alkylphenyl group or a 2,6-diatkyl-
phenyl group; alternatively, a 2-alkviphenyl group; alternatively, a 3-alkviphenyl group; alternatively, a
4-atkyiphenyl group; alternatively, a 2. 4-dialkylphenyl group; alternatively, a 2,6-dialkylphenyl group;
alternatively, a 3,5-dialkylphenyl group; or alternatively, a 2,4,6-trialkylphenyl group. In another non-
limiting embodiment, R® can be a phenyl group, a Z-alkoxyphenyl group, a 3-alkoxyphenyl group, a
4-alkoxypbenyl group, or a 3,5-dialkoxypbenyl group; alternatively, a Z-alkoxyphenyl group or a
4-atkoxyphenyl group; alternatively, a 3-alkoxyphenyl group or 3,5-dialkoxyphenyl group; alternatively,
a 2-alkoxyphenyl group; alternatively, a 3-alkoxyphenyl group; alternatively, a 4-alkoxyphenyl group;
alternatively, a 3, 5-dialkoxypheny! group. In other non-limiting embodiments, R® can be a phenyl group,
a Z-balophenyl group, a 3-halophenyl group, a 4-halophenyl group, a 2,6-dihalophenylgroup, or a
3,5-diatkviphenyl 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-halophenyi
group or a 3,5-dthalophenyl group; altematively, a 2-halophenyl group; alternatively, a 3-halophenyl
group; alternatively, a 4-halophenyl group; alternatively, a 2,6-dihalophenvigroup; or alternatively, a
3,5-dibalophenyl group. Halides, alkyl group substituents (general and specific), and alkoxy group
substituents {general and specific) are independently described herein and can be utilized, without
fimitation, to further describe the atkylphenyl, dialkyiphenyl, trialkylphenyl, alkoxyphenyl, dialkoxy-
phenyl, halophenyl, or dihalophenyl groups that can be utilized R’ Generally, the halides, alkyl

substituents, or alkoxy substituents of a diatkyl, tnalkvl phenyl, dialkoxyphenyl, or dihalophenyt group
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can be the same; or alteroatively the balo, alkyl substimests, or alkoxy substituents of alkyiphenyl,

diaticylphenyl, triatkylphenyl, diatkoxyphenyl, or dihalophenyl groups can be different.

{6096}  In a non-limiting embodiment, R’ can be a 2-methylpheny! group, a 2-cthylphenyl group, a
2-isopropyiphenyl group, a 2-tert-butviphenyl group, a 4-methylphenyl group, a 4-ethviphenyl group, a
4-tsopropylphenyl group, a 4-tert-butylpheoy! group, a 2,6-dimethyiphenyl group, a 2,6-diethyipbenyt
group, a 2,6-dusopropylphenyt group, or a 2,6-di-tert-butylphenyl group; alternatively, a 2-rethyipheny!
group, a 2-cthylphenyl group, a 2-isopropylphenyl group, or a 2-tert-butyiphenyl group, a 4-methylphenyt
eroup, a 4-ethylphenyl groap, a 4-isopropylphenyi group, or a 4-tert-batyiphenyl group; alternatively, a
2-methylphenyl group, a 2-ethylphenyl group, & 2-isopropylphenyl group, or a Z-tert-butylphenyl group;
alternatively, a 4-methylphenyl group, a 4-cthylphenyl group, a 4-isopropylphenyl group, or a 4-tert-
butylphenyl group; or alternatively, a 2,6-dimethylphenyt group, a 2,6-diethylphenyl group, a 2,6-di-n-
propyliphenyl eroup, a 2.6-ditsopropyiphenyl group, or a 2,6-di-tert-butylphenyl group. In another nop-
limiting embodiment, R can be a Z-methylphenyl group; alternatively, a Z-cthyiphenyl group;
afternatively, a Z-isopropylphenyl group; alternatively, a 2-teri-butylphenyl group; alternatively, a
4-rasthyliphenyl group; altersatively, a 4-ethyiphenyi group; slternatively, a 4-isopropylphenyl group; or

alternatively, a 4-tert-butylpheayl! group.

{6097} Inanaspect, R' and R independently can be an organyl group; alternatively, an organyl group
consisting essentially of mert functional groups; or altermatively, a hydrocarbyl group. Organyl groups
(general and specific) are disclosed herein {e.g., as potential selections for R') and these organyl groups
can be utilized as R and/or R, Organyl groups consisting ossentially of inert functional groups, general
and specific, are disclosed herein (2.g., as potential selections for R') and these organyl groups consisting
essentially of inert functional group can be utilized as RY and/or R, Hydrocarbyl groups, general and
specific, are disclosed herein (.2, as potential selections for R') and these hydrocarbyl groups can be
utilized as R and/or R°. In yet other embodiments, R and R’ independently can be selected from a € to
s, aromatic group; alternatively, a C; to Cy aromatic group; alternatively, a Csto €5 aromatic group; of
alternatively, a C to €y, aromatic group. In an aspect, R* and R” can be joined to form a ring (regardiess
of particular type of group — organyl, organyl consisting of inert functional groups, hydrocarbyl, or any

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

{8698} In another aspect, R* and ®° independently can be a C, to Cso alkyl group, a Cy to Cy
cycloatkyl group, a Cy to Cyp substituted cycloalkyl group, a C; to s aliphatic heterocyclic group, a G to
(s substituted aliphatic heterocyclic group, a Cg to Cyp aryl group, a Cg to Cse substituted aryl group, a Cy

to Cso heteroaryl group, or a Cs to Cy substituted hetercaryl group; alternatively, a C to Cse alkyl group,
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a Cy to Cso cveloalkyl group, a C; to Oy substituted cycloalkyl group, a Cs to Csp aryl group, or a Cg to
Cso substituted aryl group; alternatively, a Cs to Cyp cycloalkyl group or a Cs to Csp substituted cycloalkyl
group; alternatively, a C; to Csp abiphatic heterocyclic group or a C; to Cie substituted aliphatic
heterocyclic group; alternatively, a Cg to Cso aryl group or a Ce to Cye substituted aryl group; alteratively,
a s to Oy heteroary] group or a Oz to Ty substituted hetoroaryl group; alternatively, a C) to Cyy alkyl
group; alternatively, a Cy t0 Cyo cycloalkyl group; alternatively, a Gy to Cse substituted cyeloalkyl group;
alternatively, a Cs to Cs aliphatic heterocyclic group; alternatively, a C; to Cyp substituted aliphatic
heterocychic group; alternatively, a Cqs to Csp aryl group; alternatively, a Cy to Gy substituted aryl group;
alternatively, a Cs to Csg heteroaryl group; or alternatively, a C; to Cy substituted heteroaryl group. o an
embodiment, R and R’ independently can be a €, to (s atkyl group, a C; to Oy cycloatkyl group, a Gy to
(oo substituted cycloallyl group, a Cs to Cy aliphatic heterocyclic group, a C; to Cy substituted aliphatic
heterocyelic group, a Cq to Coy aryl group, a Cs to Cyp substituted arvi group, a C; to Cy, heteroaryl group,
or a {3 to Cyp subatituted heteroaryt grovp; alternatively, a Cy to Cys atkyl group, a €, 1o Ty cycloalkyl
aroup, a Cg to Oy substituted cvcloalkyl group, 8 Cg to Cu aryl group, or a C to Ty substituted aryl
group; alterpatively, a C; to Gy cycloalkyl group or a €, to g substituted cycloatkyl group;
alternatively, a Cs to Cy alipbatic heterocyclic group or a €5 to Cy substituted aliphatic heterocyelic
eroup; alternatively, a Ce to Ty aryl group or a Cs 1o Cyp substituted aryl group; alternatively, a Cs to Cy
hetercaryl group or a C; to Cy substituted heteroaryl group; alternatively, a €y to Cis alkyl group;
alternatively, a C; to Cy cycloalkyl group; alternatively, a C; to Cy substituted cycloatkyl group;
alternatively, a C; to Co aliphatic heterocyclic group; alternatively, a C; to Cyp substituted aliphatic
heterocyclic group; alternatively, a Cq to Cy aryl group; alternatively, a Cy to Gy substituted aryl group;
alternatively, a C; to Cy heteroaryl grovp; or alternatively, a C; to Cye subatituted heteroaryl grovp. In
other embodiments, R and R independently can be a C, to Cyo allyl group, a Cy to Cys cycloalkyl group,
a Cy to Cs substituted cveloalkyl group, a C; to €5 aliphatic hoterocyelic group, a C; to €5 substituted
aliphatic heterocyclic group, a Cs to Cis aryl group, a Cy to Cjs substituted aryl group, a C; to Cis
heteroaryl group, or a C; to Cys substituted heteroaryl group; alternatively, a C, to C, alkyl group, a C, to
Cis oycloalkyl group, a Cy to €5 substituted cycloalkyl groap, a Cy to Cis aryl group, or a Cs to Cys
substituted aryl group; alternatively, a €4 to Cis cycloalkyl group or a G4 to Cys substituted cycioalkyl
group; alternatively, a G5 to (s alipbatic beterocyclic group or a 5 to €5 substituted aliphatic
heterocyelic group; alternatively, a C to Cys aryl group or a Cs to €5 substituted aryl group; altematively,
a C; to Cys heteroaryl group or a Cs to €5 substituted heteroaryl group; alternatively, a € to Cyp alkyl
aroup; alternatively, a Cy to Cys cycloalkyl group; alternatively, a Cy to Cys substituted cveloalkyl group;

alternatively, a C; to Cys aliphatic heterocvclic group; altematively, 8 (5 to €5 substituted aliphatic
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heterocyclic group; alternatively, a Cs to Ty aryl group; alternatively, a Cs to Cys substituted aryl group;
alternatively, a C; to Cis heteroaryl group; or alternatively, a s to Cy5 substituted heteroaryl group. In
further embodiments, R* and R independently can be C, to Cs alkyl group. Substituents {general and
specific) are mdependently disclosed herein and can be utilized without lmutation to further describe

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

[0099]  In a further aspect, R' and R independently can be a methyl group, an ethyl group, a propyl
group, a butyl group, a pentyl group, a hexyl group, a heptyl group, an octyl group, a nonyl group, or a
deeyt group. In some embodiments, R' and/or R independently can be a methyl group, an cthyl group,
an n-propyl groap, an so-propy! group, an n-botyl group, an so-butyl group, a sec-butyl group, a tert-
butyl group, an w-pentyl group, an iso-pentyl group, a sec-pentyl group, or a ncopentyl group;
afteroatively, a methyl group, an ethyl group, an iso-propyl group, a fert-butyl group, or a neopentyl
group; alternatively, a methyl group; alternatively, an ethyl group; alternatively, an o-propyi group;
alternatively, an iso-propyl group; alternatively, a tert-butyl group; or alternatively, a neopentyl group. In
some embodiments, the alkyl groups which can be otilized as R and/or R7 can be substituted.  Fach
substituent of a substituted atkyl group ijndependentfy 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 gencral substitnents and/or as
substituents for substituted R’ groups) and can be utilized without limitation to further describe the

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

[00106] In a further aspect, R and R independently can be a cyclobutyl group, a substituted
cyclobutyl group, a cyclopentyl group, a substituted cyclopentyl group, a cyclohexyl group, a substituted
cyclohexyt group, a cyclobeptyl group, a substituted cycloheptyl group, a oyclooctyl group, or a
substituted cyclooctyl group. Tn some embodiments, R™ and/or R independently can be a cyclopentyl
group, a substituted cyclopentyl group, a cyclohexy! group, or a substituted cyclobexyl group. In other
embodiments, R’ and/or R’ can be a cyclopentyl group or a substituted cyclopentyl group; of
alternatively, a cyclohexyl group or a substitated cyclohexyl group. In further embodiments, R* and/or R
independently can be a cyclopentyl group; alternatively, a substituted cyvclopentyl group; a cyclohexyl
group; or alternatively, a substiuted cyclohexyl group.  Substituents (geveral and specific) are
tndependently disclosed herein and can be uitlized without limitation to further describe the substituted

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

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

{CHady Structure G7

R‘Mc RASC

wherein, the undesignated valency is attached to the phosphorus atom of the N -phosphinyl guanidine
group. Generally, RV, R7 R™, R™, and R™ independently can be hydrogen or a non-hydrogen
substituent, and 1 can be an integer from 1 to 5. In an cmbodiment whercin R* has Structure G7, R*,
Y, R™, and R can be hydrogen and R™ can be any non-hydrogen substituent disclosed herein; or
alternatively, R*", R*™, and R™ can be hydrogen and R™ and R™ independently can be any non-
hydrogen substituent disclosed herein.  In an embodiment, n can be an integer from 1 to 4 or
afteroatively, from 2 to 4. Io other embodiments, o can be 2 or 3; alternatively, 2; ot alterpatively 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*,

426 pa3c e , 8¢ 4 - S .
R RS, R™ and/or R™° for the R group having Structure G7.

[00102]  Inan aspect, R’ can have Structure G&:

Structure (8

wherein, the undesignated valency is attached to the phosphorus atom of the N -phosphinyl guanidine
group. Generally, R°', R, R, R™, and R™ independently can be hydrogen or a non-hydrogen
substitoent, and 0 can be an wteger from 1 to 5. In an cmbodiment whercin R’ has Structure G§, R
R R™ and R™ can be hydrogen and R™ can be any non-hydrogen substituent disclosed herein; or
alternatively, R, R™, and R’ can be hydrogen and R and R** independently can be any non-
hydrogen substituent disclosed herein. In an embodiument, o can be an integer from 1 to 4; or
alterpatively, from 2 to 4. In other embodiments, o can be 2 or 3; alternatively, 2; or alternatively 3.
Substiteents (general and specific) are independently disclosed herein and can be utilized without
limiitation to further describe a non-hydrogen substituent which can be vtilized without Hmitation as R,

52 1353¢ gy 5dc , 55 ¢ 5 o N
R RS, R and/or R7 for the R group having Structure GS.

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

naphthy! group, or a substituted naphthyl group. In an embodiment, R and R’ independently can be a
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phenyl group or a substituted phenyl group; altervatively, a naphthyl group or a substituted sapbthyl
eroup; aiternatively, a phenyl group or a naphthyl group; or alternatively, a substituted phenyl group or a
substitated naphthyl group. In some embodiments, R* and R 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 limitation fo finther describe any substituted phenyl group and/or substittted naphtby! group

which can be utilized as R* and/or R,

{60104} In an embodiment, the R' and/or R’ substituted phenyl group can be a 2-substituted phenyl
group, a 3-substituted phenyl group, a 4-substituted phenyl group, a 2,4-disubstituted phenyl group, a
2,6-disubstituted phenyl group, a 3,5-disubstituted phenyl group, or a 2,4,6-trisubstituted pheoyl group.
Tn other embodiments, the R” and/or R’ substituted phenyl group can be a 2-substituted phenyl group, a
4-substituted phenyl group, a 2,4-disubstituted phenyl group, & 2,6-disubstituted phenyl group, or a
2.4, 6-trisubstituted phenyl group; alternatively, a Z-substitated phenyl group, a 4-substituted phenyl
group, a 2, 4-disubstituted phenyl group, or a 2,6-disubstituted phenyl group; altematively, a 3-subsituted
phenyl group or a 3,5-disubstituted phenyl group; altemnatively, a Z-substituted pbenyl group or a
4-substituted phenyl group; alternatively, a 2.4-disubstituted phenyl group, a 2.6-disubstituted phenyl
group, or a 24,0 trisubstituted phenyl groop; alternatively, a 2,6-disabstitited phenyl group or a
2.4, 6-tnispbstituted phenyl group; alternatively, a 2,4-disubstitated phenyl group or a 2,6-disebstituiced
phenyl group; alternatively, a 2-substituted phenyl group; alternatively, a 3-substituied phenyl group;
alternatively, a 4-substituted phenyl group; aliernatively, a 2,4-disubstituted phenyl group; alternatively, a
2.6-disubstituted phenyl group; alternatively, a 3,5-disubstituted phenyl group: or altematively, a
2.4, 6-trisubstitoted phenyl group. Substituents (general and specific) are independently disclosed herein
and can be wtihized without limitation to further describe any substituted phenyl group which can be

utilized as R and/or R,

100105]  In an embodiment, R and R’ independently can be a naphth-1-yl group, a substituted napbth-
1-yl group, a naphth-2-y1 group, or a substituted naphth-2-y1 group. In some embodiments, R* and R
independently can be a naphth-1-vl group or a substituted naphth-1-yl group; alternatively, a naphth-2-yl
group or a substituted naphth-2-yi group; alternatively, a naphth-1-yl group; alternatively, a substituted
naphth-i-vl group; alteroatively, a naphth-2-yl group; or alteroatively, a substitted naphth-2-yi group. In
other embodiments, R and R” independently can be a 2-substituted naphth-1-y1 group, a 3-substituted
naphth-i-yl group, a 4-substituted paphth-1-vl group, or a 8-substituted naphth-1-yl group; alternatively, a
Z2-substituted naphth-1-vi group; alternatively, a 3-substituted naphth-1-yl group; alternatively, a 4-

substituted vaphth-1-vl group; or alternatively, a R-substimted naphth-1-vl group . In further
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embodiments, R and R’ independently can be a 1-substituted naphth-2-y1 group, a 3-substituted naphth-
2-yl group, 3 4-substituted naphth-2-yi group, or a 1.3-disubstituted naphth-2-vi 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 stilized without limitation to further describe

any substituted naphthy! group which can be utilized as R” and/or R,

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

\
R / \x-* Structure GY

wherein the undesignated valency is attached to the phosphorus atom of the N -phosphinyl guanidine
group. Generally, R¥, R”, R™ R®, and R* can independently be hydrogen or a non-hydrogen
substitoent. In an embodiment wherein R* has Stracture G9, R™, R, RY R® and R* can be hydrogen,
R¥ R™ RY, and R* can be hiydrogen and R¥ canbea non-hydrogen substituent, R¥ R RY and RY
can be hydrogen and R™ can be a non-hydrogen substituent, R™, R”, R%, and R™ can be hydrogen and
R™ can be a non-hydrogen substituent, R”, RY, and R™ can be hydrogen and R™ and R* can be non-
hydrogen substituents, R, R™, and R™ can be hydrogen and R™ and R™ can be non-hydrogen

5 543

substituents, RY, R™, and R™ can be hydrogen and R® and R” can be non-hydrogen substituents, or R

and R* can be hydrogen and RY, RY, and R™ can be non-hydrogen substituents. In some smbodiments
wherein R bas Structure G9, R®, R™, R™, and R* can be hydrogen and RY can be a non-hydrogen
substituent, RY, R¥, R, and R can be bydrogen and R* can be a non-hydrogen substituent, RY, R®,
and R* can be hydrogen and R™ and R™ can be non-hydrogen substituents, R7, R™, and RY can be
hydrogen and R™ and R can be non-hydrogen substituents, or R and R™ can be hydrogen and R™, RY,
and R* can be non-hydrogen substituents; aitemativeiyﬁ“, R* R* and R* can be hydrogen and R
can be a non-hydrogen substituent, R™, R®, R*, and R* can be hydrogen and R* can be a non-hydrogen
substitaent, R”, R™, and R* can be hydrogen and R* and R™ can be non-hydrogen substituents, or R,

44 s
R*™ and R

3

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

- : ; 434S 46 42 44
can be a non-hydrogen substituent; alternatively, R, R™, and R™ can be hydrogen and R™ and R can be
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non-hydrogen substituents, R, R™, and R” can be hydrogen and R™ and R* can be non-hydrogen
substituents, or R and R™ can be hydrogen and R, R™, and R* can be non-hydrogen substituents; or
alternativety, R¥, R™, and R can be hydrogen and R* and K™ can be non-hydrogen substitaents, or R®,
R*™, and R* can be hydrogen and R™ and R can be non-hydrogen substituents. In other embodiments
wherein R* has Structure G9, R, R®, R™, R*, and R™ can be hydrogen; alternatively, RY RY™ R, and
R™ can be bydrogen and R™ can be a non-hydrogen substituent; alternatively, R*, R™, R”, and R™ can
be hydrogen and RY can be a non-hydrogen substituent; alternatively, R™, R®, R, and R* can be
hydrogen and R™ can be a non-hydrogen substituent; alternatively, R*, R", and R* can be hydrogen and
R and R can be non-hydrogen substituents; alternatively, R, R™, and R™ can be hydrogen and R*
and R* can be non-hyvdrogen substituents; alternatively, R™, RY, and R can be hydrogen and R* and
R* and can be non-hydrogen substituents; or alternatively, R* and R" can be hydrogen and RY, R, and
R* can be non-hydrogen substituents. Substituents (general and specific) are independently disclosed
herein and can be wtilized without limitation as R™, R™, R™, R*, and R* for the R* group having

Structure G9.

1003107} Yo an aspect, R can have Structure G10;

Structure G100

wherein the undesignated valency is attached to the phosphorus atom of the N -phosphinyl guanidine
group.  Generally, R, R™, RY, R, and R independently can be hydrogen or a non-hydrogen
substituent. In an embodiment wherein R has Structare G10, R, R7, R™, R”, and R*® can be hydrogen,
R7,R™ RP, and R can be hydrogen and R ¢canbea non-hydrogen substituent, R, R R, and R°
can be hydrogen and R™ can be a non-hydrogen substituent, R, B, R”, and R™ can be hydrogen and
R™ can be a non-hydrogen substituent, R, R™, and R™ can be hydrogen and R™ and R can be non-
hydrogen substituents, R, R™, and R™ can be hydrogen and R and R can be non-hydrogen
substituents, R, R™, and R can be hydrogen and R” and R™ can be nonchydrogen substituents, or R™
and R can be bydrogen and R™, R™, and R™ can be non-hydrogen substituents. [n some embodiments
wherein R® has Structare G10, R, R™, R”., and R™ can be hydrogen and R™ can be a non-hydrogen
sabstituent, R, R, R, and R*® can be hydrogen and R™ can be a non-hydrogen substituent, R™, R™,
and R°® can be hydrogen and R™ and R™ can be non-hydrogen substituents, R™, R™, and R™ can be

52 56 . 55 2 g 5d
hydrogen and R’ and R can be non-hydrogen substituents, or R and R” can be hydrogen and R”, R™,
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56 . . 53 54 55 56 5z
and R™ can be non-hydrogen substitucots; alternatively,R”, R™, R, and R™ can be hydrogen and R
. 52 383 89 56 54
can be a non-hydrogen substituent, R, R, R™, and R™ can be hydrogen and R** can be a non-hydrogen
yarog g
. ‘ 53 35 56 32 54 “ 43
substitaent, R, R, and R™ can be hvdrogen and R and R™ can be non-hydrogen substituents, or R,
. > 2 o o “
54 53 52 56 3 : : 52 s34
R™ and R” can be hydrogen and R™ and R™ can be non-hydrogen substituents; alternatively, R7, R™,
2 < o P o
&z & . o 5% . 52 54 58
R, and R can be hydrogen and R can be 2 non-hydrogen substituent, or R™, R™, and R™ can be
hydrogen and R and R can be non-hydrogen substituents; alternatively, R, R™ R, and R can be
yarog yarog
: . 52 43 5 56 4
hydrogen and R can be a non-hydrogen substituent, or R™, R, R, and R™ can be hydrogen and R
: - 53 55 36 54
can be 8 non-hydrogen substituent; alternatively, R”,R”, and R can be hydrogen and R”and R canbe
. 5 54 3 55 52 56 Farg i
non-hydrogen substituents, R, R™, and R” can be hydrogen and R™ and R™ can be non-hydrogen
o o 2 2 2 } & &
. 5 s ; 352 54 56 ;
substituents, or R” and R” can be hydrogen and R™, R™, and RB™ can be non-hydrogen substituents; or
: 33 55 56 2 54 s 53
alternatively, R, R, and R can be hvdrosen and R and R™ can be non-hydrogen substituents, or R ’
)’9 s E o ?3 p=)
54 54 56 . .
R™ and R” can be hydrogen and R and R™ can be non-hydrogen substituents. In other embodiments
> yarog 3 £
: 5 52 53 34 35 56 : 33 34 35 g
wherein R” has Structure G10, R, R, R™ R™, and R™® can be hydrogen; alternatively, R, R™, R”, and
o 52 Tk 1 : 352 154 1335 K
R can be hydrogen and R™ can be a non-hydrogen substituent; alternatively, R™, R, R™, and R™ can
o }' o o
3 . . 52 s 55
be hydrogen and R” can be a non-hydrogen substituent; alternatively, R, R, R, and R’® can be
5 o : 33 55 56
fiydrogen and R can be a non-hydrogen substituent; alternatively, R, R, and R™ can be hydrogen and
) 2 > 5 > 2
&2 34 . ‘ . 33 34 55 52
R™ and R™ can be non-hydrogen substituents; alternatively, R, R™, and R” can be hydrogen and R
and R™ can be non-hydrogen substituents; alternatively, ™% R™, and R can be hydrogen and R™ and
yarog 3 yarog
3 . . 553 455 752 54
R™ and can be non-hydrogen substituents; or alternatively, R” and R can be hydrogen and R, R™, and
5 y . "y o . &
R can be non-hydrogen substituents. Substituents (general and specific) are independently disclosed
. age . , . . . 57 3 34 45 ~ 5 .
herein and can be utilized without limitation as R, R, R™, R™, and R*® for the R group having

Structure G110,

100108] In an aspect, R and R’ independently can be a pyridinyl group, a substituted pyridinyt group,
a furyl group, a substituted furyl group, a thienyl group, or a substituted thieny! group. In an
embodiment, R and R’ independently can be a pyridinyl group or a substitated pyridinyl group;
alternatively, a furyl group or a substituted furyl group; or alternatively, a thienyl group or a substituted
thienyl group. In some embodiments, R* and R’ independently can be a pyridinyt group, a furyl group, or
a thienyl group. In other embodiments, R* and R’ can be a pyridinyt group; alternatively, a substituted
pyridinyl group; alternatively, a furyl group; altersatively, a substituted furyl group; altematively, a
thienyl group; or alternatively, a substituted thienyl group.

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

group, a pyridin-4-yl group, or a substituted pyridin-4-yi group; or alternatively, a pyridin-2-yl group, a
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pyridio-3-yl group, or a pynidin-4-yl group.  In some smbodiments, the pyndinyl {or substituted
pyridinyl) R* and R” group independently can be a pyridin-2-yi group or a substituted pyridin-2-yl group;
alternatively, a pyridin-3-yl group or a substituted pyridin-3-vl group; alternatively a pyridin-4-vi group
or a sabstituted pyridin-4-yl group; alternatively, a pyridin-2-v1 group; alternatively, a substitated pyridio-
2-yl group; alternatively, a pynidin-3-yl group; alternatively, a substituted pyridin-3-vl group;
alternatively, a pyridin-4-vl group; or alternatively, a substituted pyridin-4-yl group. In an embodiment,
the substituted pyridinyl R’ and R® group independently can be a 2-substituted pyridin-3-yl group, a 4-
substitated pyridin-3-y1 group, 2 S-substituted pyndin-3-yl group, a 6-substituted pyridin-3-91 group, a
2 4-disubstituted pyridin-3-y1 group, a 2,6-disubstituted pynridin-3-vl group, or a 2.4,6-trisubstituted
pyridin-3-yl group; alternatively, 2-substituted pyridin-3-yl group, a 4-substituted pyridin-3-v1 group, or a
G-substituted pyridin-3-yl group; alternatively, a 2 4-disubstituted pyridin-3-yl group or a 2.6-
disubsiituted pyridin-3-yi group; alternatively, a 2-substituted pyridin-3-yl group; alternatively, a 4-
substituted pyndin-3-vl group; alternatively, a S5-substituted pyridin-3-yl group; alternatively, a 6-
substituted pynidin-3-yl group; alternatively, a 2, 4-disubstituted pyridin-3-yl group; alternatively, a 2,6-
disubsittuted pyridin-3-yl group; or alternatively, a 2,4, 6-trisubstituted pyridin-3-yl group. In an
embodiment, the substituted pyridinyl R* and R’ group independently can be a 2-substituted pyridin-4-v1
croup, a 3-sabstituted pyridin-4-yl group, a S-substituted pyridin-4-v1 group, a 6-substibuted pyridin-4-yi
group, a 2,6-disubstitated pyridin-4-yl group, or a 3,5-disabstituted pyridin-4-yt group; alternatively, 2-
substituted pyridin-4-yl group or a 6-substituted pyridin-4-yl group; alternatively, a 3-substituted pyridin-
4-vl group or a S-substituted pyridin-4-yl group; altersatively, & 2-substituted pyridin-4-yl group;
alternatively, a 3-substituted pyridin-4-yl group; alternatively, a S-substituted pyridin-d-y1 group;
alternatively, a 6-substituted pyridin-4-yi group; alternatively, a 2,6-disabstituted pyridin-4-yl group; or
alternatively, a 3,5-disubstituted pyridin-4-vl group. Substituents {(general and specific) are independently
disclosed herein and can be utilized without Limitation to further describe the substituted pyridiny! groups

which can be utilized as R and/or R,

{60110} In an embodiment, each furyl {or substituted furyl} R* and R” group can be independently
selected from a fur-2-vl group, a substituted fur-2-vl group, a tur-3-yl group, or a sabstituted far-3-yl
group; or alternatively, a fur-2-yl or a fur-3-v1 group. In some embodiments, the furyl {or substituted
furyl} R* and R® group can be independently selected from a fur-2-yt group or a substituted fur-2-yi
group; alternatively, a fur-3-vl group or a substituted fur-3-y1 group; aiternatively, a fur-2-yl group;
alternatively, a substituted for-2-yl group; alternatively, a fur-3-vi group; or alternatively, a substituted fur
-3-y1 group. In an embodiment, the substituted furyl R* and R group can be a 2-substituted fur-3-yl

group, a 4-substituted fur-3-vl group, or a 2 4-disubstituted fur-3-v1 group; alternatively, a 2-substituted
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fur-3-yi group; alternatively, a 4-substituted fur-3-yl group; or aliernatively, a 2,4-disubstitited fur-3-y1
eroup. Substitucnts (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 R® and/or R,

00111} In an embodiment, the thienyi (or substituted thienyl) R* and R’ group can be independently
selected from a thien-2-vl group, a substituted thien-2-vl group, a thien-3-y1 group, or a substituted thien-
3-vi group; ot alternatively, a thien-2-yl group or a thien-3-vl group. In some embodiments, the thieoy!
(or substitoted thienyl) R® and R group can be independently selected from a thien-2-yl group or a
substituted thien-2-yl group; alternatively, a thien-3-yl group or a substituied thien-3-yl group;
afternatively, a thien-2-yl group; alternatively, a substituted thien-2-yl group; altematively, a thien-3-yl
group; or alternatively, a substituted thien-3-vl group. Tn an embodiment, the substituted thienyt R” and
R group can be a 2-substituted thien-3-vi 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; altematively, a 4-substituted thien-3-y1
eroup; or alternatively, a 2.4-disabstituted thien-3-yl groap. 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 R and/or R,

{00112} In an aspect, R and R’ can be joined to form a oyelic group including the phosphorus aton.
In an embodiment when R* and R’ are joined to form a cyclic group including the phosphorus atom of the
N-phosphinyl guanidine group, the phosphinyl group can be a phosphol-1-yl group, a substituted
phospbol-1-vi group, a 2,3-dihydrophosphol-1-yi group, a substituted 2,3-dihydro-phosphol-1-yl group, a
3,5-dihydrophosphol-1-yl group, a substituted 3,5-dibydropbosphol-1-vl group, a phospholan-1-y! group,
a substituted phospholan-1-yl group, a 1,2-dihydrophosphinin-1-yl group, a substituted, 1,2-dihvdro-
phosphinin-1-yl group, a 1.4-dihydrophosphinin-1-yl group, a substituted 1,4-dihydrophosphinin-i-yl
group, a 1,2,3 4-tetrahvdrophosphinin-1-yl group, a substituted 1,2,3 4-tetrahydrophosphinin-1-yl group,
a 1,2,3.6-tetrahydrophospbinun-1-yl group, a substituted 1,2.3.6-tetrabydrophospbinin-t-yl group, a
phosphinan-1-yl group. or a substituted phosphinan-1-yi group. In some embodiments when R and R are
joined to form a cyclic group including the phosphorus atom of the N -phosphinylguanidine group, the
phosphinyl group can be a phosphol-1-yl group or a sabstituted phosphol-1-yl group; alternatively, a
2, 3-dihydrophosphol-1-yl group or a substituted 2,3-dihydrophosphol-1-v1 group; alternatively, a
3, 5-dihydrophospbol-1-vl group or a substituted 3.5-dibydropbosphol-t-yi group; altemnatively, a
phospholan-1-yl group or a substituted phospholan-1-yl group; alternatively, a 1.2-dihydro-
phosphinin-1-yl group or a substituted, 1,2-dihydrophosphinin-1-yl groop; altemnatively, a 1,4-dihydro-
phosphinin-1-yl group or a substituted 1, 4-dihydrophosphinin-1-yl group; alternatively, a 1,2,3,4-tetra-

bydrophosphinio-1-vl group or a substituted 1,2,3,4-tetrabydro-phospbinin-1-yi group; alternatively, a



WO 2013/184579 PCT/US2013/043902

56
i,2,3,6-tetrahvdrophosphinin-1-y1 group or a substituted 1,2,3,6-tetrahydrophosphioin-1-v1 group; or
alternatively, a phosphinan-1-yl group or a substituted phosphinan-1-vl group. In some embodimenis
when R* and R are joined to form a cyclic group including the phosphoras atom of the N™-phosphinyt
suanidine group, the phosphinyl group can be a phosphol-1-vl group, a 2,3-dithydrophosphol-1-¥1 group, a
3,5-dihydrophosphol-1-vl group, a phospholan-1-yl group, a 1,2-dihydrophosphinin-i-yl group, a
i, 4-dihydrophospbinin-t-yl group, a 1,23, 4-tetrabydropbosphunin-1-yl group, a 1,2,3,6-tetrahydro-
phosphinin-1-yl group, or a phosphinan-1-y1 group. In other embodiments when R* and R’ are joined to
form a cyelic group including the phosphorus atom of the N -phosphinylguanidine group, the phosphinyl
aroup can be a substituted phosphol-1-yl group, a substituted 2, 3-dihydrophosphol-1-yl group, a
substituted  3,5-dihvdrophosphol-1-vl  group, a substituted phospholan-1-vl group, a substituted,
i,2-dihydrophosphinin-1-yl growp, a substituted 1 4-dihydrophosphinin-t-yl proup, a substituted
1.2,3 4-tetrabydrophosphima-1-yl group, a substituted 1,2,3 6-tetrabydrophosphinin-1-yl group, or a
substitated phosphinan-1-yi group. In yet other embodiments when R” and R are joined to form a cyelic
group including the phosphorus atom of the N -phosphinyt cuanidine group, a phospholan-1-yl group, a
substituted phospbolan-1-yl group, a phosphinas-1-yl group, ot a substituted phosphinan-1-yi group;
alternatively, a phospholan-1-yl group or a phosphinan-1-yl group; or alternatively, a substituted
phospholan-1-yl group or a substituted phosphinan-1-yl group. In further embodiments when R* and R
are joined to form a cyclic group including the phosphorus atom of the N -phosphinyl goanidine group,
the phosphinyl group can be a phosphol-1-yl group; alternatively, a substituted phosphol-1-yl group;
afteroatively, a 2,3-dibydro-phosphol-1-vl group; altersatively, a substituted 2,3-dihydrophosphol-1-yi
group;  alterpatively, a  3,5-dihydrophosphol-1-y1  group;  alternatively, a  substituted
3.5-cdihydrophosphol-i-yl group; alternatively, a phospholan-i-y1 group; alternatively, a sobstituted
phospholan-1-yl group; alternatively, a 1,2-dihydrophosphinin-i-vl group; alternatively, a substituted,
i,2-dihydrophospbinin-t-yl group; altematively, a i,4-dihydrophosphinin-1-yl group; alternatively, a
substituted 1,4-dilyydrophosphinin-1-y} group; alternatively, a 1,2.3,4-tetrabydro-phospbinin-1-yl group;
alternatively, a  substituted 1.2,3,4-tetrabydrophosphinin-1-yl  group; alternatively,  a
1,2,3,6-tetrahydrophosphinun-1-yl group; alternatively, a substituted 1,2,3,6-tetrahydrophosphinin-i-yl
group; alternatively, a phosphinan-1-yl group; or alternatively, a substituted phosphinan-1-y1 group.
Substituents {general and specific) are independently disclosed herein and can be utilized without
limitation to further describe substituted groups where R' and R” are joined to form a cyclic group

including the phosphorus atom.

{00113} I an embodiment when R* and R’ are joined to form a cyclic group including the phosphorus

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

adjacent to the phosphorus atom attached to the N nitrogen atom of the N -phosphinyl guanidine group.

{00114] In an embodiment, R® and R’ independently can be a phenyl group, a 2-alkylphenyl group, a
3-altkylphenyl group, a 4-alkylphenyl group, a 2, 4-dialkviphenyl group, a 2,6-diatkylphenyl group, a 3,5-
dialkylpheny! group, or a 2.4,6-trnalkyipbenyl group; alternatively, a Z-alkyipheoy! group, a 4-alkyl-
phenyl group, a 2.4-dialkylphenyl group, a 2,6-dialkylphenyl group, or a 2,4.6-triatkylphenyl group;
alternatively, a Z-alkylphenyl group or a 4-alkylphenyl group; alternatively, a 2. 4-dialkylphenyi group, a
2,6~alkyiphenyl group, or a 2,4.6-trialkylphenyl group; alternatively, a 2,4-diatkylphenyl group or a
2,6-dialkyiphenyl group; alternatively, a 2,0-dialkviphenyl group, or a 2,4,6-nalkylphenyl group;
alternatively, a 3-alkylphenyl group or a 3,5-dialkylphenyt group; alternatively, a Z-alkylphenyt group or
a 2.6-dialkylphenyl group; alternatively, a 2-alkylpheayl group; alternatively, a 3-atkylphenyi group;
alternatively, a 4-alkylphenvl group; alternatively, a 2,4-dialkyiphenyl group; alternatively, a 2,6-dialkyl-
phenyl group; alternatively, a 3,5-dialkylphenyt group; or alternatively, a 2,4,6-tnalkylpheoyl group. In
another non-limiting erabodiment, R* and R’ independently can be a napht-1-yl group, a Z-vaphth-2-y
groop, a 2-alkvinaphth-1-vi group, a l-alkyinapbth-2-yl group. a 3-alkylpapth-2-yl group, or a
1.3-diatkyinaphth-2-y1 group; altemnatively, a napht-1-yl group or a Z-alkvinaphth-1-vl group;
alternatively, a naphth-2-yl group, a l-alkyinaphth-2-yl grogp, a 3-alkylnapth-2-y1 group, o a
1,3~dialkylnaphth-2-yl group; alternatively, a napht-1-yl group; alternatively, a Z-naphth-2-vl group;
alteroatively, a Z-alkyloapbth-1-vl group; altersatively, a l-alkyloapbth-2-vl group; alteroatively, a
3-alkyinapth-2-yl group; or aliernatively, a 1,3-dialkylnapbth-2-y1 group. In other non-limiting
embodiments, R* and R’ independently can be a cyclohexyl group, a 2-alkyleyclohexyl group, or a
2, 6-dialkylcyclohexyl group; slternatively, a cyclopentyl group, a Z-alkyleyclopentyl group, or a

2,5-diatkyicyclopenty! group; alternatively, a cyclchexyl group; alterpatively, a 2-alkyicyciohexyl group;



WO 2013/184579 PCT/US2013/043902

alternatively, a 2,6-diatkyleyelohexyl group; alternatively, cyclopentyl group; alternatively, a 2-alkyl-
cyclopentyl group; or alternatively, a 2,5-dialkyloyclopentyl group. Alkyl eroup substituents {(general and
specific} are independently described herein and can be utibized, without hmtation, to further deseribe the
atkylphenyl, dialkylphenyl, tnalkylphenyl, naphthyl, dialkyinaphthvl, alkvicyclohexyl, dialkyleyelohexyl,
alkylcyclopentyl, or dialkyicyclopentyl groups that can be utilized as R and/or R, Generally, the alkyl
substituents of a diatky! ot frialkyl pheoyl, naphthyl, cyclohexyl, or cyclopeotyt group can be the same; or
alternatively the alkyl substituents of a diatkyl or trialkyl phenyl, naphthyl, cyclohexyl, or cyclopentyl

group can be different.

[00115] In another non-limiting embodiment, R* and R’ independently can be a phenyl group, a
Z-atkoxyphenyl group, a 3-atkoxypheoy! group, a 4-atkoxyphenyl group, or 3,5-diatkoxyphenyl group;
afteroatively, a Z-alkoxypbenyl group or a 4-alkoxypheoyi group; alternatively, a 3-alkoxypheoyl group
or 3,5-dialkoxyphenyl group; alternatively, a Z-alkoxyphenyl group; altecnatively, a 3-alkoxyphenyl
eroup; alternatively, a 4-alkoxyphenyl group; alternatively, a 3,5-dialkoxyphenyl group.  Alkoxy group
substitucots {general and specific) are independently descrbed herein and can be utilized, without
limitation, to further describe the atkoxyphenyl or diatkoxyphenyl groups that can be utilized as R* and/or
R’. Generally, the alkoxy substituents of a dialkoxypheny! groups can be the same; or alternatively the

atkoxy substituents of a diatkoxyphenvl group can be different.

j00116] In other non-limiting embodiments, R and R’ independently can be a phenyl group, a 2-halo-
phenyl group, a 3-balophenyt group, a 4-halophenyt group, & 2,6-dihalophenyligroup, or a 3,5-diatkyl-
phenvl group; akternatively, a 2-halophenyl group, a 4-halophenvl group, or a 2,6-dthalophenyl group;
alternatively, a 2-halophenyl group or a 4-halophenyl group: alternatively, a 3-halophenyl group or a
3.5-cihalophenyl group:; altemnatively, a 2-halophenyl group; alternatively, a 3-halophenyl group:
afternatively, a 4-halophenyl group; alternatively, a 2,6-dihalophenylgroup; or alternatively, a 3,5-dihalo-
phenyl group. Halides are wndependently described herein and can be utilized, without limitation, to
further describe the halophenyl or dihalophenyl groups that can be utilized as R* and/or R*. Generally,
the halides of a dihalophenyl group can be the same; or alternatively the halides of a dibalophenyl group

can be different.

{00117} TIn a nonlinuting embodiment, R and R independently can be a 2-methylphenyl group, a
2-ethylpheny! group, a 2-isopropylphenyt group, a 2-tert-butyiphenyl group, a 3-methyipheoy! group, a
2,6-dimethyiphenyl group, a 2,6-diethylphenyl group, a 2,6-ditsopropylphenyl group, a 2.6-di-tert-butyl-
phenyl group, a 3,5-dimethyl groap, or a 2,4,6-trimethyiphenyl group; alternatively, a Z-methyiphenyt

group, a 2-cthylphenyl group, a Z-isopropylphenyl group, or a 2-tert-butylphenyl group; alternatively, a
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2,6-dimethyipbenyl group, a  2.,6-diethyiphenyl group, a 2,6-dusopropylphenyl group, or a
2.6-di-tert-butylphenyl group; alternatively, Z-methylphenyl group; alternatively, a 2Z-ethylphenyl group;
alternatively, a 2-isopropylphenyl group; alternatively, a 2-tert-butylphenyvl group; alternatively, a
3-methylpheny!l group; alternatively, a 2,6-dimethylphenyl group; alternatively, a 2,6-dicthylphenyl
group; altematively, a 2.6-dusopropyiphenyl group; alternatively, a 2,6-di-tert-butylphenyl group;
alternatively, a 3,5-dimethy! group; or altersatively, a 2.4.6-trimethylphenyl group.  In another nou-
limiting embodiment, R* and R® independently can be cyclohexyl group, a 2-methylcyclohexyl group, a
2-ethyieyclohexyl group, a 2-isopropyleyclohexyl group, a 2-tert-butyleyciohexyl group, a 2.6-dimethyl-
cyclohexyl group, a 2.6-diethyicycichexyl group, a 2,6-diisopropylevclohexyl  group, or a
2. 6-di-tert-butyleyclohexyl group; alternatively, a 2-methvicyclohexyl group, a 2-ethvicyclohexyl group,
a 2-isopropyloyclohexyl group, or a 2-tert-butylcyclohexyl group; alternatively, a 2,6-dimethyloyclohexyl
group, a 2,6-diethylcyclohexyl group, a 2,6-ditsopropyleycichexyl group, or a 2,6-di-tert-butyleyclohexyl
group; alternatively, a cyclohexyl group; alternatively, a Z-methyloyclobhexyl group; alternatively, a
Z-ethyleyclohexyl group; alternatively, a Z-isopropylevciohexyl group; alternatively, a Z-tert-butyl-
cyclobexyl group; alternatively, a 2, 6-dimethyloyclohexyl group; alternatively, a 2,6-disthyleyelohexyl
group; alternatively, a 2,6-ditsopropyicyciohexyl group; or alternatively, a 2,6-di-tert-butyicyclohexyl
group. n another non-limiting embodiment, R* and/or R” independently can be a 2-methylnaphth-1-yl
group, a 2-cthylnaphth-1-yl group, a 2-n-propyinaphth-1-vl group, a 2-isopropylnaphth-1-yl group, or a
2-tert-butylnaphth-1-vl group; altematively, a 2-methvloaphth-1-v1 group; alternatively, a 2-cthyl-
papbth-1-vi group; alternatively, a 2-n-propylnaphtb-1-yt group; alternatively, a 2-isopropyloapbth-1-vi

group; of alternatively, a 2-tert-butylnaphth-1-yi group.

[00118] In a non-limiting embodiment, R* and R’ independently can be a 2-methoxyphenyi group, a
Z-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-butoxypheny! group, a 4-methoxy-
phenyl group, & 4-ethoxyphenyl group, a 4-isopropoxyphenyl group, a 4-tert-butoxyphenyl group, a
2.4-dimethoxyphenyl group, a 24-disthoxyphenyl group, a 24-dusopropoxyphenyl group, a
2 4-di-tert-butoxyphenyl group, a 3,S-dimethoxyphenyl group, a 3.5-diethoxyphenyl group, a
3. 5-dusopropoxyphenyl group, a 3,5-di-tert-butoxyphenyl group, a 2.6-dimethoxyphenyl group, a
2. 6-diethoxyphenyl group, a 2,6-dusopropoxyphenyl group, a 2,6-di-tert-butoxyphbenyl group, or a
2.4, 6-trimethoxyphenyl group; alternatively, a Z-methoxyphenyl group, a 2-ethoxyphenyl group, a
2-isopropoxyphenyl group, or a 2-tert-butoxyphenyl group; alternatively, a 3-methoxyphenyl group, a
3-ethoxypheny! group, a 3-isopropoxyphenyl group, or a 3-teri-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-dumethoxyphenyl group, a 2,4-dicthoxyphenyl group, a 2,4-dusopropoxy-
phenyl group, or a 24-di-tert-butoxyphenyl group: altematively, a 3,5-dimethoxyphenyl group, a
3, 5-digthoxyphenyl group, a 3,5-diisopropoxyphenyl group, or a 3,5-di-tert-butoxyphenyl group; or
alternatively, a 2,6-dimethoxyphenyl group, a 2,6-diethoxyphenyl group, a 2,6-diisopropoxyphenyl
group, or a 2,6-di-tert-butoxyphenyl group. Tn other non-limiting embodiments, R? and R independently
can be a Z-methoxyphenyl group; alternatively, a 2-ethoxyphenyl group; aliernatively, a
2-sopropoxyphenyl group; alternatively, a 2-tert-butoxyphenyl group; alternatively, a 3-methoxyphenyl
group; alternatively, a 3-ethoxyphenyl group; alternatively, a 3-1sopropoxyphenyl group; alternatively, a
3-tert-butoxyphenyl group; alternatively, a 4-methoxyphenyl group; alternatively, a 4-ethoxvphenyl
group; alternatively, a 4-isopropoxyphenyl group; alterpatively, a 4-tert-butoxyphenyl group;
alternatively, a 2.4-dimethoxyphenyl group; alternatively, a 2.4-diethoxyphenyl group; alternatively, a
2.4-diisopropoxyphenyl  group;  alternatively, a2, 4-di-tert-butoxyphenyl  group:; alternatively;
alternatively, a 3,5-dimethoxyphenyl group; alternatively, a 3,5-diethoxyphenyl group; alternatively, a
3.5-disopropoxyphenyl  group; alternatively, a 3,5-di-tert-butoxyphenyl group; alternatively, a
2.6-dimethoxypheny! group; alternatively, a 2,6-diethoxypheny! 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 erbodiment, R* and/or R independently can be a 2-fluoropheny! group, a
2-chlorophenyl group, a 3-tlucrophenyl group, a 3-chlorophenyl growp, a 4-fluorophenyl group, a
4-chiorophenyl group, a 3,5-difluorophenyl group, or a 3,5-dichlorophenyl group; alternatively, a
2-fluoropbenyl group or a 2-chloropbenyl group; altematively, a 3-fluorophenyl group or a 3-chloro-
phenyl group; alternatively, a 4-fluorophenyl group or a 4-chlorophenyl grouwp:; alternatively, a
3.5-difluorophenyl group or a 3,S-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-difluorophenyt group. In another non-linuting embodiments, R and/or R
mdependently can be a 2-fluocropbenyl group; alternatively, a Z-chlorophenyl group; alternatively, a
3-fluorophenyl group; alternatively, a 3-chlorophenyl group; alternatively, a 4-fluorophenyl group;
alternatively, a 4-chiorophenyl; alternatively, a 3,5-diflucrophenyt group; or alternatively, a
3,8-dichiorophenyl group. Generally, the R and/or R” groups of the phosphinyl group independently can
be any R* or R® group described herein and utilized in any combination to further describe the phosphinyl
group of any N -phosphinyl guanidine compound described herein. In an embodiment, R* and R® can be

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

[00119] In an aspect, the phosphinyl group of the N'-phosphinyl guanidine compound can be a
diphenylphosphinyl group, a dialkyiphosphinyl group, a bis{mono-halo substituted phenylphosphinyl
group, a bis{mono-alkyl substituted phenylphosphiny! group, or a bis(mono-alkoxy substitated phenyl)-
phospbinyl group; alternatively, a dipbenylpbosphinyl group; alternatively, a dialkyiphosphinyl group;
afteroatively, a bis{oono-halo substituted phenvliphospbingyl group; alternatively, a bis(iwono-alkyl
substituted phenyliphosphinyl group; alternatively, a bis{mono-alkoxy substituted phenylphosphinyt
group. In another aspect, the phosphinyl group of the N -phosphinyl geanidine compound can be an
{allyD{phenvyDphosphinyl group, a (mono-halo substitated phenybi{phenylphosphinyl group, a (mono-
atkyl substituted phenyli{phenyhphosphinyl group, a {(monc-alkoxy substituted phenyl{phenyhpbos-
phinyl group, a (mono-alkyl substituted phenvii(mono-balo substituted phenyl) phosphioyl group, or a
(mono-alkyl substituted phenyli(monc-alkoxy substituted phenyl} phosphinyl group; alternatively, an
{alkyD{phenyliphosphinyl group; alternatively, a {mono-halo substituted phenyl){phenylphosphinyl
group; alternatively, a (mono-alkyl substituted phenyh{phenyhiphosphinyl group; alternatively, a (mono-
atkoxy substimuted pheoyliphenyhiphosphinyt group; alternatively, a (monoc-alkyl substituted phenyi)-
{mono-halo substituted phenyl) phosphinyl group; or alternatively, a {mono-alkyl substituted phenyl)-
{mono-alkoxy substitoted phenyl) phosphinyl group.  In another aspect, the phosphinyl group of the
N-phosphinyl guanidine compound can be a bis(dihalo substituted phenyl)phosphiny! group, a
bis(dialky!l substituted phenylphosphiny} group, a bis(dialkoxy substituted phenyhphosphinyl group, a
bis(trialkylpheoyhphosphinyl group, or a bis{trialkoxyphenyDpbosphinyl group; alternatively, bis{dihalo
substituted phenyliphosphinyl group; alternatively, a bis(dialkyl substituted phenyl)phosphinyl group;
alternatively, a bis(dialkoxy substituted phenylphosphinyl group; alternatively, a bis(trialkyviphenvi)-
phosphinyl group; or slternatively, a bis(trialkoxyphenyphosphinyl group.  Halogens, alkyl group
substitucots {general and specific), and alkoxy group substituents {general and specific) are independently
described herein {c.g., as substituents for substituted R groups) and can be utilized, without limitation to

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

{00120} In a non-Himiting aspect, the phosphinyl group of the N -phosphiny! guanidine compound can
be a dimethylphosphinyl group, a diethyiphosphinyl group, a dissopropylphosphinyl group, a
di-tert-butylphosphioyl group, or a di-neo-pentylphosphioyl group. In a nos-limiting embodiment, the
phosphinyl group of the N-phosphinyl guanidine compound can be a dimethylphosphinyl group;
alternatively, a dicthyl phosphinyl group; aliernatively, a diisopropylphosphinyl group; alternatively, a
di-tert-butylphosphinyl group; or alternatively, a di-neo-pentylphosphinyl group. In a non-limiting

aspect, the phosphinyl group of the N'-phosphinyl suanidine compound can be a (methyl}{phenyl)-
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phospbinyl group, a {ethyD{pheoviiphosphinyl group, a (sopropyli¥phenyDphosphinyl group, a
{tert-butyl ¥ phenylphosphinyl group, or a (neo-pentylyphenyliphosphinyl group. In an embodiment, the
phosphinyl group of the N -phosphinyl guanidine compound can be a (methyl){phenyliphosphinyl group;
alternatively, a (cthyl(phenyl) phosphinyl group; alternatively, a (sopropyl)(phenyDphosphunyl group;
afternatively, a (tert-butyly(phenylphosphinyl group; or alternatively, a (neo-pentylyphenyhphosphinyl
group. In some non-limiting embodiments, the phosphinyl group of the N’-phospbinyl gmanidine
compound can be a dicyclopentyt phosphinyl group, a dicvclohexyl phosphinyl group; alternatively, a

dicyclopentylphosphinyl group; or alternatively, a dicyclohexylphosphinyl group.

[0012§] In vet another non non-limiting aspect, the phosphinyl group of the N -phosphinyi guanidine
compound can be a bis{2-flucrophenybphosphinyl group, a bis(2-chlorophenylphosphinyt sroup, a
bis(3-flucrophenyliphosphinyl group, a bis(3-chlorophenyiphospbinyt group, a bhis{(4-flucropbenyl)-
phosphinyl group, or a bis(4-chlorophenyhphosphinyl group. In some non-himiting embodiments, the
phosphinyl group of the N-phosphinyl guanidine compound can be a bis(2-fluorophenyl)phosphinyl
group, a bis(3-fluorophenyh)phosphimyl group, or a bis(4-fluorophenylphosphinyl group; or alternatively,
a bis{2-chlorophenyliphospbinyl group, a bis(3-chloropbenylphosphuny! group, or a his{(4-chlorophenyi}-
phosphinyl group. In other non-limiting embodiments, the phosphinyl group of the N-phosphinyl
guanidine compound can be a bis(2-fluorophenylphosphinyt group; alternatively, a bis(Z-chlorophenyi)-
phosphinyl group; alternatively, a bis(3-fluoropbenyliphosphinyl group; alternatively, a bis(3-chloro-
phenylphosphmy!l group; alternatively, a bis{4-fluorophenytiphosphinyl group; or alternatively, a

bis(4-chlorophenylphosphinyt group.

[00122] In vet another non non-limiting aspect, the phosphinyl group of the N -phosphinyl guanidine
compound can be a (2-flucrophenyl){phenylphosphinyl group, a (2-chlorophenyl}{phenyDphosphinyt
group, a (3-fluorophenvl)phenyhphosphinyl group, a (3-chiorophenyhphenybphosphinyl group, a
(4-fluoropheny ) phenyliphosphinyi group, or a {(4-chlorophenvh{phenvliphosphinyl group. o some
non-limiting embodiments, the phosphinyl group of the N -phosphinyl guanidine compound can be a
(2-fluorophenyl{phenyiphosphinyl group, a (3-fluorophenyl}phenylphosphinyl group, or a (4-fluoro-
phenyl{phenyhphosphinyl group; or alternatively, a (2-chiorophenyl}{phenyiphosphinyl group, a
{3-chiorophenvl¥phenyphosphinyl group, or a (4-chlorophenvl}{phenylphosphinyl group. In other
non-limiting embodiments, the phosphinyl group of the N -phosphiny! guanidine compound can be a
{2-fluorophenyl{phenyDphosphinyl group; alternatively, a (2-chlorophenyi)phenyliphosphinyl group;
afternatively, a (3-fluorophenyli(phenylphosphinyl group; alternatively, a {(3-chiorophenyli{phenyi)-
phosphinyl group; alternatively, a (4-fluorophenyl}{phenylyphosphinyl group; or alternatively, a

{4-chlorophenv{(phenyliphosphinyl group.
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00123} In vet another non non-limiting aspect, the phosphinyl group of the N -phosphinyl gnanidine
compound can be a diphenylphospbinyl group, a bis(Z-methyiphenyhphosphinyl group, a bis(2-ethyl-
phenylphosphinyl group, a bis{2-1sopropyiphenyliphosphinyl group, a bis(2-tert-butylphenyl)phosphinyl
group, a bis(3-methylphenylphosphinyl group, a bis{3-ethylphenyviiphosphinyl groap, bis(3-isopropyl-
phenylphosphinyl group, a bis(G-tert-butylphenvlphosphinyl group, a diphenylphosphinyl group, a
bis(4-methylphenybphosphinyl group, a bis{4-ethyipbenylphosphioy! group, a bis(4-isopropyipbenyi)-
phosphinyl group, or a bis{4-tert-butylphenyliphosphinyl group. In a non-limiting embodiment, the
phosphinyl group of the N'-phosphiny! guanidine compound can be a bis{2-methylphenyl}phosphinyl
group, a bis(Z-ethylphenyhphosphinyl group, a bis(Z-isopropyiphenylphosphinyl  group, or a
bis(2-tert-butylphenylyphosphinyl group; alternatively, a diphenyiphosphinyl group, a bis(3-methyl-
pheoylphosphinyl group, a his(3-ethyiphenviiphospbinyl group, a bis{3-isopropylpbenylpbosphioyi
group, of a bis(3-tert-butylphenylphosphinyl group; or alternatively, a diphenylphosphinyl group, a
bis(4-methylphenyhphosphunyl group, a bis{d-ethyiphenylphosphinyl group, a bis(4-isopropyiphenyi)-
phosphinyl group, or a bis(4-tert-butylphenyhphosphinyl group. In other non-limiting embodiments, the
phosphinyl group of the N -phosphinyl guanidine compound can be a diphenylphosphiny! group;
alternatively, a bis(Z-methyipheaylphosphinyl group; alternatively, a bis(Z-cthylphenylphosphinyl
group; alternatively, a bis{2-isopropyiphenyliphosphinyl group: alternatively, a bis{2-tert-butylphenyi)-
phosphinyl group; alternatively, a bis(3-methyiphenyDphosphinyl group; alternatively, a bis(3-cthyl-
phenylphosphmyl group; alternatively, a bis(3-isopropylphenyhphosphinyl group; alternatively, a
bis(3-tert-butviphenyDphosphinyl  group; alternatively, a diphenyiphosphinyl group; alternatively, a
bis(4-methylphenybphosphinyt group; alternatively, a bis{4-ethyvipheayhiphosphinyl group; alternatively,

a bis{4-isopropylphenyhphosphunyl group: or alternatively, a bis(4-tert-butylphenylphosphinyl group.

[00124] In vet another non non-limiting aspect, the phosphinyl group of the N -phosphinyi guanidine
compound can be a diphenylphosphiny! group, a (2-methyipbenyl){pheoyhpbosphinyi group, a (2-sthyl-
phenyl{pheayhphosphinyl group, a (2-isopropyiphenyl¥phenyliphosphinyl group, a (2-tert-butyl-
phenvl)(phenvliphosphinyl group, a (3-methylphenyl}phenviiphosphinyl group, a (3-ethylphenyi)-
{phenyDphosphinyl group, a (3-sopropyviphenviiphenyliphosphinyl group, a {(3-tert-butylphenyl)-
{phenyhphosphinyl group, a diphenylphosphinyl group, a (4-methylphenyl)(phenyUphosphinyl group, a
(4-cthyipbenyl}pheoyhiphosphinyl  group, a {d-isopropyipbenyl)(phenyDphosphinyl group, or a
{4-tert-butylphenyl){phenylpbosphinyl group. In a non-limiting embodiment, the phosphinyl group of
the N -phosphinyl guanidine compound can be a {2-methylphenyi)phenyl)phosphinyl group, a (2-ethyl-
phenyl}{phenyhphosphinyl group, a (Z-isopropylphenyli{phenyDphosphinyl group, or a (2-tert-butyl-

pheovl(pheoyhphosphinyl group; alternatively, a diphenylphosphbinyl group, a (G-methbyipbenyl)-



WO 2013/184579 PCT/US2013/043902

64

(phenyliphosphinyl group, a (3-cthylphenvl}{phenvliphosphinyl group, a 3-isopropviphenyh{phenyl)-
phosphinyl group, or a (3-tert-butylphenyl){pheayhphosphinyl group; or alternatively, a diphenyl-
phosphinyl group, a {4-methyiphenyli(phenylphosphinyl group, a (4-ethylphenyl}{phenyliphosphinyl
group, a (4-sopropylphenyh{phenylphosphinyl group, or a (4-tert-butvipheny{phenyphosphinyt
group. In other non-limiting embodiments, the phosphinyl group of the N'-phosphiny! gnanidine
compound can be a dipbenylphosphinyl group; altersatively, a (2-methylphenyh{phenvliphosphinyt
eroup; alternatively, a (Z-ethylphenylyphenylphosphinyl group; alternatively, a (2-isopropyiphenyl)-
{phenyhphosphinyl group; alternatively, a (2-tert-butylphenyl{phenylphosphinyl groop; alternatively, a
(3-methylphenyb(phenylphosphinyl group; altematively, a (3-ethyiphenyl{phenyliphosphinyl group;
afternatively, a (3-isopropylphenyD{phenyhphosphinyl  group; alternatively, a (3-tert-butylphenyl})-
(phenyhphosphinyl group; alternatively, a diphenyiphosphinyl group; alternatively, a (4-methylphenyl)-
{pheayhphosphinyl group; alternatively, a {(4-cthylphenylyphenyliphosphinyl group; alterpatively, a
{4-tsopropylpheny{phenyliphosphinyi group; or alterpatively, a (4-tert-botyiphenyl}phenylphosphinyt

STOUp.

[00125] In yet another non non-lmiting aspect, the phosphinyl group of the N -phosphiny! guanidine
compound can be a diphenviphosphinyt eroup, a bis(Z-methoxyphenyiiphosphinyt group, a bis(2-ethoxy-
phenylyphosphinyl group, a bis(2-sopropoxyphenyliphosphinyt group, a bis(2-tert-butoxyphenyi)-
phosphinyl group, a bis(3-methoxyphenyliphosphinyl group, a bis(3-ethoxyphenylphosphinyl group, a
bis(3-isopropoxyphenylphosphmy! group, a bis(3-tert-butoxyphenvlyphosphiyl group, a diphenoxy-
phospbinyl group, a bis(4-methoxypbenyDpbosphioyl group, a bis{d-sthoxyphenyliphosphinyl group,
bis(4-tsopropoxyphenyliphosphinyl group, or a bis(d-tert-butoxyphenyliphosphinyl group. In a non-
limiting embodiment, the phosphinyl group of the N'-phosphinyl cuanidine compound can be a
bis(2-methoxyphenybphosphunyl group, a bis(Z-ethoxyphenyhphosphinyl group, a bis(2-isopropoxy-
pheoylphosphiny! group, or a bis(2-tert-butoxypbenyl)phosphioyl group; alternatively, a diphenoxy-
phosphinyl group, a bis{3-methoxyphenylphosphinyl group, a bis(3-ethoxyphenyliphosphinyl group, a
bis(3-tsopropoxyphenylphosphinyl  group, or a  bis(3-tert-butoxyphenyliphosphinyl  group; or
alternatively, a diphenoxyphosphinyl group, a bis{d-methoxyphenvliphosphinyl group, a bis(4-ethoxy-
phenyhphosphinyl group, a bis(4-isopropoxyphenyhphosplunyl group, or a bis(4-tert-butoxyphenyl)-
phosphiny! group. In other non-limiting embodiments, the phosphinyl group of the N'-phosphinyl
guanidine compound can be a diphenylphosphinyl group; alterpatively, a bis(Z-methoxyphenyi)-
phosphinyl group; alternatively, a bis(Z-ethoxyphenyliphosphinyl group; alternatively, a bis(2-iso-
propoxyphenylphosphinyl  group;  alternatively,  a  bis(Z-tert-butoxyphenylphosphinyl  group;

alternatively, a bis(3-methoxyphenyliphospbinyl group; altersatively, a bis{3-ethoxyphenyhiphosphinyt
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group; alternatively, a bis(3-isopropoxyphenyliphosphinyl group; alterpatively, a bis{3-tert-butoxy-
phenyliphosphinyl group; alternatively, a diphenoxyphosphinyl group; alternatively, a bis(4-methoxy-
phenyliphosphinyl group; alternatively, a bis{4-ethoxyphenyliphosphinyl group; alternatively, a bis(4-izo-

propoxyphenyliphosphinyl group; or alternatively, a bis(4-tert-butoxyphenyphosphinyl group.

[00126] TIn yet another non non-limiting aspect, the phosphinyl group of the N -phosphiny! guanidine
comppound can be a dipbenylphosphioyl group, a (2-methoxypheoyh{pheoyDphosphinyt group, a
(2-cthoxypheny)(phenylphosphinyl group, a (2-isopropoxyphenyiiphenyDphosphinyl  group, a
{2-tert-butoxyphenyl}phenyDphosphinyl  group, a (3-methoxyphenyli(phenyhiphosphinyl group, a
(3-ethoxyphenvl}phenyDphosphinyl  group, a  (3-isopropoxyphenyb(phenvliphosphinyl  group, a
(3-tert-butoxypheny! ¥phenyliphosphinyl group, a diphenoxyphosphinyt group, a (4-methoxyphenyi})-
{pheayhphosphinyl group, a {(4-cthoxyphenyli{phenyliphospbinyl group, a (4-isopropoxyphenyi)-
(phenyhphosphinyl group, or a (4-tert-butoxyphenviyphenyliphosphinyl group. In a non-limiting
embodiment, the phosphinyl group of the N-phosphinyl guanidine compound can be a (Z-methoxy-
phenyl)(phenyhphosphinyl group, a (2-ethoxyphenyi¥phenylphosphinyl group, a (Z-isopropoxyphenyi)-
(phenyhphosphioyl group, ot a (2-tert-butoxyphenyl)pheoybpbosphinyl  group; altersatively, a
diphenoxyphosphinyl group, a (3-methoxyphenyl)(phenyhiphosphinyl group, a (3-ethoxyphenyl}{phenyi)-
phosphinyl group, a (3-isopropoxyphenyi)(phenylphosphinyl group, or a (3-tert-butoxyphenyl)(phenyi)-
phosphinyl group; or alternatively, a diphenoxyphosphinyl group, a (4-methoxyphenyl¥phenyi)-
phosphinyl group, a (d-ethoxyphenyl¥phenyiphosphinyl group, a (4-1sopropoxyphenyly{phenyh)-
phospbinyl group, or a {d-fert-butoxypheny{pheoybphosphinyt group.  In other non-limiting
embodiments, the phosphinyl group of the N’-phosphinyl geanidine compound can be a diphenyl-
phosphinyl group; alternatively, a (2-methoxyphenyhphenyDphosphinyl group; alternatively, a
(2-ethoxyphenyl)(phenylphosphinyl  group; salternatively, a (Z-isopropoxyphenvyh){phenvliphosphinyl
group; alternatively, a (2-tert-butoxyphenyD{phenyhphosphinyl group; alternatively, a (3-metboxy-
phonyhy(phenybiphosphinyl  group;  alternatively, a  {3-cthoxyphenyi)phenyliphosphinyl  group;
alternatively, a (3-isopropoxyphenyi}phenyliphosphinyl group; alternatively, a (3-tert-butoxyphenyi)-
{phenyhphosphinyl group; alternatively, a diphenoxyphosphinyl group; alternatively, a (d-methoxy-
phenyl(phenylphosphinyl  group;  alternatively, a  (4-ethoxyphenyl(phenyliphosphinyl  group;
afteroatively, a {4-isopropoxyphenyly{phenyliphosphinyl group; ot altersatively, a {4-tert-butoxy-
phenyhy(phenybphosphinyl group.

108127} In an aspect, embodiment, R’ and R™ can be joined to form a group, L, wherein L, the N'
nitrogen atom, and the N nitrogen atom can form a ring or a ring system. In another aspect, R™ and R

o - 23 . 23, wTE 2o :
can be joimed to forma group, L7, wherein L7, the N nitrogen, and the N° nitrogen atom can from a ring
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2 ‘ 23 .
and/or L7 can be an organylene group; alternatively, an

or a ring system. In an embodiment, L'
organylene group consisting of inert functional groups; or alternatively, a hydrocarbylene group.  The
organylene group which can be utilized as L and L™ independently can be a C, to Oy, organylene group;
alternatively, a C; to Cps organyiene group; alternatively, a C; to Cyp organylene group; or alternatively, a
C, to C5 organylene group. The organylene group consisting of mert functional groups which can be
utilized as L' and L™ independently can be a (s to Oy organylene group cousisting of inert functional
eroups; alternatively, a C; to C5 organylene group consisting of nert functional groups; alternatively, a
C, to Cyp organylens groop consisting of inert functional groups; or alternatively, a C, to s organylene
group consisting of inert functional groups. The hydrocarbylene group which can be utilized as L and
1.7 independently can be a (, to Coy hydrocarbylene group; alternatively, a G, to €5 hydrocarbylene
group; alternatively, a C; to €y hydrocarbylene group; or alternatively, a C; to Cs hydrocarbylene group.
In some embodinents wherein the N -phosphinyl guanidine compound includes L' and L™, L and L™
can be the same. In other embodiments wherein the N -phosphinyl guanidine compound includes L™ and

L7 L and L™ can be different.

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

23

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

‘(CRLLRLZ:)m" “(:RL;RL"»“(:\RLD RLfvn “CRLSR‘LA"CRLF/RLS“CRLSRL()‘
Structure 1L Structure 2L Structure 3L
OR PR 2 rs N\ £1.26 =CR7-CR¥=CR”-
Structure 4L . Structure 6L

RL24 '{-_25

Structure 5L

s

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

. . . 2 . .y —
when present, attach to the respective nitrogen atoms of the N -phosphinyl guanidine group. Generally,
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m can be an tteger ranging from 2 to 5. In further embodiments, m can be 2 or 3; alternatively, 1 can be
2 or alternatively, m can be 3. RY and R™ of the linking group having Stracture 1L, R™, R™ RY, and
RY of the hinking group having Structure 21, RY RY RY R™ RY and RY, of the tinking group having
Structure 3L, R™ and RM? of the linking group having Structure 4L, R™7 R R Y and RY of the
tinking group having Structure ST, R, R'™, and R'™ of the linking group having Structure 6L
tndependently can be a hydrogen or a non-hydrogen substituent group {any geveral or specific described
herein); or alternatively, hydrogen. Non-hydrogen substituent group (general and specific) are
mdependently disclosed heretn and can be wtilized without limitation to further deseribe the linking groop
having Structure 1L, Structure 28, Structore 3L, Strocture 4L, and/or Structure SL. In an embodiment,
LY and L7 independently can be an eth-12-viene group (-CHLCH,-), an ethen-1,2-yiene group
(~CH=CH-}, a prop-1,3-viene group (-CH,CH,CH,-), a 1-methylethen-1.2-yvlene group (:C{CH;=CH-), a
but-1,3-vlene group (-CH,CH,CH{CHi)-}, 2 3-methylbot-1,3-vlene group ((CH,CH,C(CH;)-), or a
phen-1,2-ylene groop. In some non-limiting embodiments, L and L™ independently be an eth-1,2-vlene
aroup  ((CH,CH»-), a prop-L3-viene group ((CHLCHCH,-), a  1-methylethen-1,2-viene group
{(-C{CH;3;=CH-), a but-1,3-vlene group {(-CHCH.CH(CH;)-), or a 3-methytbut-1,3-vlene group
(-CH,CH,C{CHas),-); alterpatively, an eth-1,2-vlene group (-CH,CH;-), an ethen-1,2-vlene group
{(-CH=CH-}, a prop-1,3-vlene group (-CHLCH,CH,-), or a phen-1,2-ylene group; aliernatively, an
gth-1,2-ylene group (-CH,CHsy-) or a prop-1,3-vlene group (-CH,CH,CH,-); alternatively, an ethen-1,2-
viene group (-CH=CH-) or a phen-1,2-vlene group. In other cmbodiments, L' and/or L can be an
eth-1,2-viene group {(-CH,CH,-}; alternatively, an cthen-1,2-vlene group {(-CH=CH-}); alternatively, a
prop-1,3-vlene group (-CH,CH,CH,-); alternatively, a 1-methylethen-1,2-vlene group (-C{CH;}=CH-);
alternatively, a but-1,3-vlene groop ((CH,CHLCH(CH;)-); alternatively, a 3-methylbut-1,3-ylene group
(-CHL,CH,C(CH, )2-); or alternatively, a phen-1,2-yvlene group. In some embodiments, L' can be a
CH=CH-CH= group. In an embodiment, L' can have a structure that can comprise at least ong
substituent located on the carbon atom attached to the N nitrogen atom of the N -phosphinyl guanidine
group; alternatively, can comprise only one substituent located on the carbon atom attached to the N
nitrogen atom of the N™-phosphinyl guanidine groap; or alternatively, can comprise two substituents
tocated on the carbon atom attached to the N’ nitrogen atom of the N -phosphinyl guanidine group. In
apother embodiment, L7 can bave a structure that can cousist of one substituent located on the carbon
atom attached to N' nitrogen atom of the N -phosphinyl guanidine group; or alternatively, can consist of
two substitaents located on the carbon atom attached to N nitrogen atom of the N'-phosphiny] guanidine
group. In an embodiment, L™ can have a structure that can comprise at least one substituent focated on

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

the carbon atora attached to N nitrogen atom of the N -phosphiny! guanidive group.

[00129] In an embodiment, R™ and R” can be joined to form a group, L™, wherein R™, R™, and the N°
nitrogen {or L and the N’ nitrogen) forms a ring or ring system. In an embodiment, L™ can be an
organylene group; alternatively, an organviene group consisting of inert functional groups; or
alternatively, a hydrocarbylene group. The organylene group which can be utilized as L.” can be a s to
Cy organyiene group; alternatively, a C; to Cis organylene group; or alternatively, a C; to €y, organvlene
group. The organylene group consisting of inert functional groups which can be utilized as L™ can be a
C; to Cyy organviene group consisting of inert functional groups; alternatively, a Cs to Cys organylene
group consisting of inert functional groups; or alternatively, a C; to Cyp organylene group cousisting of
inert functional groups. The hydrocarbylene group which can be utilized as L™ can be a €y to Ty
bydrocarbylene group; alternatively, a €4 to ()5 hydrocarbylene group: or alternatively, a Gy to Cy

hydrocarbylene group.

[00138] I an embodiment, L” can have any structure provided in Table 2. In some embodiments, L%
can have Structure 111, Structure 120, Structure 131, Structure 141, or Structure 15L. In other
embodimenis, L™ can have Structure 2L or Structure 3L altemnatively, Structure 4L or Structure 5L, In
other embodiments, the linking group can have Structure 1L; alternatively, Structure ZL; alternatively,

Structure 3L; alternatively, Stractare 41 or alternatively, Structure 5L,

Table 2 — Potential Structure for Linking Groups L™,
-(CRLM RLE};;' “CRL/I‘;RL4-Z_CRL4-5RLA6 CRL4-'7RLA8 CRL4-3RL44~
Structare 1L Stracture 12L

_CRL4 R A2 -CR[ASR]A(S-CTRMQR('S O~CR (,47REA SJCREA 3RL44-_
Structore 131

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

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

when present, attaches to the N° nitrogen atom of the N -phosphiny! guanidine group. Generally, n can
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be an ioteger rapging from 4 to 7. In further embodiments, n can be 4 or 5; altersatively, s can be 4; or
alternatively, n can be 5. R™' and R™ of the linking group having Structure 11L, R™, R¥ R™, RM'}
Y RY RY and RYM of the linking group having Stracture 121, RM M RYE MY ORMY RMS RYY,
R RM™ and RY of the finking group having Structure 135, RM M RS M RM RM M and

R¥® of the linking group having Structure 141, RERMRYORMERM RME R and RMY of the
linking group having Structure 151, and R™!, R R and R™ of the linking group having Structure
161 independently can be a hydrogen or a non-hydrogen substituent group {any general or specific
described herein); alternatively, hydrogen. Non-hydrogen substitoent groups {general and specific) are
independently disclosed herein and can be utifized without limitation to further describe the linking group
having Structure 111, Structure 121, Structure 131, Structure 141, Stracture 151, and/or Structure 16L.
in an embodiment, L™ can be a but-1.4-ylene group, a pent-1,4-ylene group, a pent-1,5-vlene group, a
hex-2,5-viene group, a hex-1,5-ylene group, a hept-2,5-ylene group, a buta-1,3-dien-1.4-ylene group, or a
bis(eth-2-yhether group; alternatively, a but-1,4-vlene group, a pent-1,5-ylene group, or a bis(eth-2-
vhether group; alternatively, a but-1,4-ylene group; alternatively, a pent-1,5-ylene group; alternatively, a

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

100132} In an cmbodiment, the N'-phosphiny! guanidine compound comprising at least one N'-
phosphinyl guanidine group can have Structore Gus, Gu7, Gus, Gu9, Gull, Gull, Gul2, Gull, Guld,
Guls, Guls, Gul7, Guis, Gul9, Gu20, Gu2l, Gu22, Gu23, Gu2d4, Gu2s, or Guls; alternatively,
Structure Gu6, Gu7, Gus, Gub, Guld, Guli, GulZ, Gul3, Guld, or Guls; alternatively, Structure Gul7,
Gulg, Gu2l, Gu22, Gu23, Gu24, or (Gu25; alternatively, Structure Gul9 or Gu2(; alternatively, Structure
Gub; alternatively, Structure Gu7; alternatively, Structure Gul8; alternatively, Structure Gu9; alternatively,
Stracture Gully alternatively, Structare Guoll; alternatively, Structure Gul2; alerpatively, Structure
F0l3; alternatively, Structure Guld; alternatively, Structure Gul3; alternatively, Structure Gul6;
alterpatively, Structure Gul7; alternatively, Structure Gul¥; alternatively, Structure Gul9; alternatively,
Structure GuZ{y; alternatively, Structore Gu2i; alternatively, Structure Gu22; alternatively, Structure

(Gu23; alternatively, Structure Gu24; alternatively, Structure Gu235; or alternatively, Structure Gu26.
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Within the N -phosphiny! guanidine compounds having Structures Gué to Gu26, R', R™ R R, RY, and
R’ have been previously described for the N -phosphinyl guanidine compound Structures Gul-GuS. Any
aspect or embodiment of these R', R* R R, R*, and R’ descriptions {general or specific) can be
utitized, without limitation, to further describe any of the hgand Stroctures Gus-Gu26 m which R', R*®
R™ R, R®, and/or R appears. Within the N-phosphinyt guanidine compound having Structures Gu-
Gu26, RY.R™ of Structures Gus, Gul0, and/or Gul2, R%-R® of Structures Gu7, Gull, and/or Gui3, R'.
R™ of Structures Gug, Gul0, Gull, and/or Gut9, R7-R™ of Structures Gu9, Gul2, Gul3 and/or Gu20,
R¥-R™ of Structures Gui4 and/or Gul6, R¥-R” of Structure Gul5, R¥-R™ of Structure Gul7, RUSR'™
of Structures Guls, Gul9,Gu20, Gu2l, and/or Gu24, R7'“-R™ of Structures Gu21 and/or Gu23, RV-R™
of Structures Gu22, Gu23, and/or Gu2s, R*™-R™ of Structures Gu24 and/or Gu25, and/or R™¥-R™ of
Structure Gu26 independently can be hydrogen or any substituent group {general or specific) described
herein; or alternatively, hydrogen. In an embodiment, the N -phosphinyl guanidine compound can have
Structwre Gu L, Gu Il Ge I, Gu IV, Gu V, Gu VI, Gu VI Gu VIIL Gu IX, Gu X, Gu XI, Gu X, Gu
XiH, Gu X1V, Gu XV, Gu XV, Gu XV, Gu XV, Gu XIX, Gu XX, Gu XX], Gu XX, or Gu XX
alternatively, Structore Gu §, Gu H, or Gu I alternatively, Structure Gu IV or Gu V) alternatively,
Structure Gu VH, Gu VI, Gu IX, Gu X, Gu X1, Gu XII, Gu XU, Gu X1V, or Gu XV; alternatively,
Structure Gu VIL Gu VHI, Gu IX, Gu X, Gu X1, or GU XXII; altematively, Structure Gu Xi, Gu XIH,
Gu X1V, or Gu XV alternatively, Structare Gu XV, Gu XVIH, Gu XIX, Gu XX, Gu XXI, or Gu XX,
alternatively, Structore Gu 1§ alternatively, Structore Gu 1 alternatively, Structure Gu HI; alternatively,
Structure Gu 1V alternatively, Structure Gu V) alternatively, Structure Gu VI, alternatively, Structure Gu
VILE alterpatively, Structwe Gu VIEL alternatively, Structure Gu IX; alternatively, Structure Gu X
alternatively, Structure Gu XL alternatively, Structure Gu XIL alternatively, Structure Gu X
alerpatively, Stractwre Gu X1V, alternatively, Structure Gu XV alternatively, Structure Gu XV

~

alternatively, Structure Gu XVIL altematively, Structure Gu XVIH; alternatively, Structure Gu XIX;
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alternatively, Structure Gu XX alternatively, Structure Gu XX, alternatively,
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alternatively, Structure Gu XXIL
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N'-Phosphinyl Guanidine Metal Salt Complexes

[00133] In an aspect, this disclosure provides for a composition comprising an N’-phosphinyl
cuanidine metal salt complex; or alternatively, an N-phosphinyl guenidine metal salt complex.
Generally, the N'-phosphinyl guanidine metal salt complex can comprise a metal salt complexed to an
N -phosphinyl guanidine compound. o some embodiments, the N-phosphinyl guanidine metal salt
complex can further comprise a neutral ligand, Q. N'-phosphinyl guanidine compounds are generatly
described hercin and can be utilized, without Hmitation, to further describe the N -phosphinyl guanidine
metal salt complex comprising a metal salt complexed to an N -phosphiny! guanidine compound. In an
embodiment, a metal compound complexed to an No-phosphinyl guanidine compound (or the N°-
phospbinyl guanidine metal salt conplex) can have Structure MGul, MGu2, MGu3, MGud, or MGuS;
alterpatively, Structure MGul; altematively, Structure MGu2; alternatively, Structure MGu3;

alternatively, Structure MGud; or alternatively, Structure MGuS.
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Tn other embodiments, the metal salt complexed to an N -phosphinyl guanidine compound {or the N*-

phospbinyl guanidine metal salft comoplex) have Structure MGud, MGu7, MGuS, MGu9, MGuld, MGull,
MGul2, MGui3, MGui4, MGuls, MGuls, MGul7, MGui8, MGui9, MGu20, MGu2l, MGu22,
MGu23, MGu24, MGu25, or MGu26; alternatively, Structure MGus, MGo7, MGuR, MGu8, MGuig,
MGull, MGui2, MGul3, MGuid4, or MGul35; alternatively, Structure MGul7, MGuls, MGu2i,

MGu22, MGu23, MGu24, or MGu25; alternatively, Structare MGui9 or MGu20; altematively, Structure

MQGué; alternatively, Structure MGu7; alternatively, Structure MGuS; alternatively, Structure MGu$9;

alternatively, Structure

alternatively, Structure
alternatively, Structure
afteroatively, Structure

alternatively, Structure

MGulg;
MGul3;
MGuls;
MGu19;
MGu2Z;

alternatively, Stracture

alternatively, Structure
alternatively, Structure
alternatively, Structurs

alternatively, Structure

MGull;
MGul4;
MGul7;
MGu20;
MGu23;

alternatively, Structure MGu235; or alternatively, Structure MGu26.
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Within the N-phosphinyl guanidine metal salt complexes having Structures MGul to MGu26, R/, R™,
R R’, RY, and R’ have been previously described for the N'-phosphiny! guanidine compound having
Stroctures Gul-GuS and any aspect or embodiment of these descriptions {general or specific) can be
atilized, without limitation, to further describe any of the N’-phosphinyl goanidine metal salt complex
Structures MGul-MGu26 in which RY, R® R™ R, RY, and/or R appears.  Within the N -phosphiny!
guanidine compound having Structures MGué-MGu26, ROR®, R7LR™, RYLRY, RIRY, RPR™,
RYULRH, RYR™, and RV-R™™ have been previously described for the N'-phosphinyl guanidine
compounds having Stroctures Gus-Gu26 and any aspect or embodiment of these descriptions {general or
specific) can be utilized, without limitation, to further describe any of the N'-phosphinyl guanidine metal
salt complex Structures MGu-MGu26 in which RY-R%) R7WRT, RPRY) RUSR™ RPOR5H R7R™,
RYLR™, and/or R™-R™™ appears. In vet other embodiments, the N'-phosphinyl guanidine metal salt
complexes can have Structure MGu L, MGu H, MGu IH, MGu IV, MGu V, MGu VI, MGu VH, MGu
Vill, MGu IX, MGu X, MGa XI, MGoe X1, MGuo X1, MGu X1V, Gu MXV, Gu MXVL Gu MXVIL, Gu
MXVIH, Gu MXIX, Gu MXX, Gu MXXI, Gu MXX1, or Gu MXXIH; alternatively, Stractare MGu
MGu H, or MGu Il; alternatively, Structure MGu IV or MGu V; slternatively, Structure MGu VI, MGu
VI, MGu X, MGu X, MGu X, MGu XH, MGu X1l MGu X1V, or MGu XV alteroatively, Structure
MGe VI, MGu VHI, MGe X, MGo X1, or MGu XXII; alterpatively, Stracture MGu X1, MGu X1,
MGu X1V, or MGy XV; alternatively, Structure MGu §; alteratively, Stracture MGu H; alternatively,
Structure MGu 1 alternatively, Structure MGu 1V aliernatively, Structure MGu V) aliematively,
Structure MGu VI alternatively, Structure MGu V1§ alternatively, Structure MGu VI alternatively,
Structure MGu IX; alternatively, Structure MGu X alternatively, Structure MGu XI; alternatively,
Structure MGy XAL alternatively, Struchire MGu X alternatively, Stroacture MGu XTIV, alternatively,
Strocture MGu XV alternatively, Structure MGu XV alternatively, Structure MGu XV alternatively,
Structure MGu XV alternatively, Stracture MGu XIX; alternatively, Structure MGu XX alternatively,

Structure MGu XX altematively, Structure MGu XX or alternatively, Structure MGu XX
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Aspects and embodiments of the metal salts (MXp or MX,Q,}. the neutral ligand (), 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 N>-phosphinyl guanidine metal salt complexes having Structures
MGul to MGu26 and N -phosphiny! guanidine metal salt complexes having Structures MGu T to MGu
XV Other metal salts (MX, or MX,Q,) complexed to any N'-phosphiny! guanidine compound {or any
N’-phosphinyl guanidine metal salt complex)} can be envisioned (and are readily apparent) by showing the
figation bonds of MX,, to any ligand provided herein in a8 manner sintilar to the depictions of the metal
compound, MX,, complexed to respective N'-phosphinyl guanidine compound depicted herein
Depictions of N™-phosphiny] guanidine metal salt complex with general metal salts can have the structure
designation MX,GuY or MX, Gu X where M represents the metal of the metal salt {general or specific)
without any neutral ligands (which may or may not be present in the N -phosphinyl gnanidine meotal salt
complex), Y represents the Arabic numeral designation of the respective N -phosphinyl guanidine
compound within this deseription, and X ropresents the Roman numeral designation of the respective N'-
phosphinyl cuanidine compound within this description. Depictions of N -phosphinyl guanidine metal
salt complex with a specific metal salt can have the structure designation MX, GuY or MX, Gu X where
MX, is the specific metal salt without any neutral Higands {which may or may not be present in the N°-
phosphinyl goanidine metal salt complex), Y represents the Arabic numeral designation of the respective
N-phosphinyl suanidine compound within this description, and X represents the Roman numcral
designation of the respective N -phosphinyl guanidine compound within this description. Further, the
neutral higand (if present) and mumber of neotral ligands can be cither generally provided as Q3 or
specifically designated by providing a designation of the ligand(s) and the nomber of hgands present. For
example for designation illustrative purposes, gencral chromium salt N -phosphinyl guanidine complexes
for the N'-phosphinyl guanidine metal salt complexes having Structures MGul to MGu26 and Structures
MGu I to MGu XVI, geoeral chronium trichloride N*-phosphinyl guanidine complexes for the N

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

having Stractures MGu [ to MGu X VI are provided with their appropriate Structure designations.
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Metal Salt

[00134]  Generally, the metal salt, MXp or MX,Q,, of the N'-phosphiny! guanidine metal salt complex
comprising a metal salt complexed to an N -phosphinyl guanidine compound can comprise a cationic
metal, M, and a moncamonie ligand, X, In some embodiments, the metal salt can further comprise a
neutral figand which may or may not be present in the N -phosphinyl guanidine metal salt complox

. . ) . g
corpprising & metal salt complexad to an N-phosphiny! guanidine compound.

{00135} Generally, the metal atom of the metal salt, MX, or MX,(,, can be any metal atom. In an
aspect, the metal atom of the metal salt can be a fransition metal. In an embodiment, the metal salts can
comprise a Group 3-12 metal; alternatively, a Group 4-10 metal; alternatively, a Group 6-9 metal;
aftervatively, a Group 7-8 metal; altematively, a Group 4 metal; altematively, a Group 5 mwetal
alternatively, a Group ¢ metal; alternatively, a Growp 7 metal; alternatively, a Group 8 metal;
alternatively, a Group 9 metal; or alternatively, a Group 10 metal. In some embediments, the metal salt
can comprise titamum, zirconipm, hafbiom, vapadion, niobtunm, tantalum, chromium, molybdenom,
tungsten, manganese, iron, cobalt, mickel, palladium, platinum, copper, or zing; alternatively, titannum,
zirconium, hafoum, vanadium, ntobiam, tantalum, chromm, molybdenum, tfungsten, manganese, iron,
or cobalt. In other embodiments, the metal salt can comprise titanium, zirconium, vanadium, chrominm,
molybdenum, tungsten, iron, cobalt, mckel, palladiom, or platinum; alternatively, titamum, srcontum,
vanadim, chromium, molvbdenum, tangsten, ron, or cobalt; alternatively, chromium, iron, cobalt, or
nickel; alternatively, chromium, iron, or cobalt; alternatively, ttanhum, zirconium or hathiuny
aftervatively, vanadiurm or miobiumy; alternatively, chromium, molybdenum or tungsten; alternatively, tron
or cobalt; or alternatively, nickel, palladium, platinem, copper, or zing; alternatively, palladium or
platinum; or alternatively, copper or zinc. In other embodiments, the metal salt can comprise titanium;
alternatively, zircomium; alternatively, hafhium; alternatively, vanadiumg alternatively, niokiuny
alternatively, taotalum; alternatively, molybdemun; aliernatively, fungsten; altecsatively, manganese;
alternatively, iron; alternatively, cobalt; alternatively, mickel; aliernatively, psliadiuny alternatively,
platinum; alterpatively, copper; or alternatively, zine, In an embodiment, the metal salt can comprise

chromium.

{00136} Generally, the metal atom of the transition metal salt, MX, or MX,Q,, can have any positive
oxidation state available to the metal atom. In an cwbediment, the transition mwetal (general or specfic)
can have an oxidation state of from +2 to +6; alternatively, from +2 to +4; or aliernatively, from +2 to +3.
In some embodiments, the metal atom of the transition metal salt, MX,, or MX,Q,, can have an oxidation

state or +1; alternatively, +2; alternatively, +3; or alternatively, +4.
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180137]  The anion X, of the transition metal salt can be any moncanion. In an embodiment, the
monoanion, X, can be a halide, a carboxvlate, a B-diketonate, a hydrecarboxide, & nitrate, or a chiorate.
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 alkoxide, an aryloxide, or
an aralkoxide. Generally, hydrocarboxide (and subdivisions of hydrocarboxide) are the anion analogues
of the hydrocarboxy group. 1o other embodiments, the mwonoanion, X, can be a halide, a carboxylate, a -
diketonate, or an alkoxide; or alterpatively, a halide or a f-diketonate. In other embodiments, the
monoanion X can be a halide; alternatively, a carboxylate; alternatively, a B-dikctonate; alternatively, a
hydrocarboxide; alternatively, an alkoxide; or aliernatively, an aryloxide. Generally, the nomber, p, of
monoanions, X, can cqoal the oxidation state of the metal atom.  In an embodiment, the mymber, p, of
monoanions, X, can be from 2 o 6; alternatively, from 2 to 4; alternatively, from 2 to 3; alternatively, 1

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

1B0138] Generally, each halide moncamon independently can be fluorine, chlorine, broming, or ioding;
or alternatively, chloring, bromune, or 1odine.  In an embodiment, cach halide monoanion can be chlorine;

aftervatively, bromine; or alternatively, wodine.

{80139)  Genoerally, the carboxylate, B-diketonate, or hydrocarboxide {inclusive of alkoxide, aryloxide,
or aralkoxadey can be any C) to Cy carboxylate, B-diketonate, or hydrocarboxide (nclusive of alkoxide,
arvioxide or aralkoxide); or alternatively, any € to Gy carboxylate, P-diketonate, or hydrocarboxide
(inclusive of alkoxide, arvioxide, or aralkosude). In some embodiments, the amon, X, can be a C; to Cy
carboxylate; altematively, a C, to Cy, carboxylate; alternatively, a C| to Cyy B-diketonate; alternatively, a
C to O B-diketonate; shternatively, a €, to Oy hydrocarboxide; alternatively, a C; to Cy
hydrocarboxide; alternatively, a C) to Cy atkoxide; alternatively, a C, to Cyp alkoxide; alternatively, a Cs

to Cye arvioxude; or alternatively, a Cg to Cyp arvioxide.

{60140] In an aspect, cach carboxylate monoanion independently can be acetate, a propionate, a
butyrate, a pentanoate, 2 hexanoate, a heptanoate, an octanoate, a nonanoate, a decanoate, an undecanoate,
a dodecanoate, a tridecanoste, a tetradecanoate, a pentadecanoate, a hexadecanoate, a heptadecanoate, or
an octadecancate; or alicrnatively, a pentancate, 8 hexanoate, a heptanoate, a octanoate, a nonanoate, a
decanoate, & undecancate, or a dodecancste.  In an cmbodiment, cach carboxviate monoanion
tndependently can be acetate, propionate, u-butyrate, valerate (n-pentanoate), neo-pentancate, capronate
{n-hexanoate), o-heptancate, caprylate (n-octanoate), 2-cthylhexanoate, n-nonaposte, caprate (n-
decangate), n-undecanocate, laurate (n-dodecanoate), or stearate (n-octadecanocate); alternatively, valerate

{n-pentancate), neo-pentancate, capronate (n-hexanocate), n-heptancate, caprylate {n-octanoate), 2-
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cthythexanoate, n-uonanoate, caprate (n-decanocate), n-undecanoate, or laurate (n-dodecanoate);
alternatively, capronate (n-hexancate); alternatively, n-heptanocate; alternatively, caprylate (n-octanoate);
or alternatively, 2-ethylhexancate. In some embodimenis, the carboxylate anion can be triflate

{trifluorcacetate).

{60141 In an aspect, cach P-diketonate independently can be acetylacetonate (alternatively 2,4-
pentanedionate), hexafluorcacetylacetone (alternatively, 1,1,1,5,3,5-hexafluoro-2,4-pentanediuonate, or
benzoylacetonate); alternatively, acetylacetonate; alternatively, hexafluorcacetylacetone; or alternatively,
benzoylacetonate. In an aspect, cach atkoxide monoanion independently can be methoxide, ethoxide, a
propoxide, or a butoxide. In an embodiment, each alkoxide moncanion independently can be methoxide,
ethoxide, isopropoxide, or tert-butoxide; alternatively, methoxide; alternatively, an ethoxide;
afteroatively, an so-propoxide; or alternatively, a tert-butoxide. In an aspect, the aryloxide can be

phenoxide.

Neutral Ligand

00142]  Gonerally, the neutral ligand, Q, of the transition metal salt or the N -phosphiny! guanidine
metal salt complex comprising a transition metal salt complexed to an N'-phosphinyl guanidine
compound, if present, independently can be any neutral higand that forms an 1solatable compound with the
metal salt or No-phosphinyl guanidine metal salt complex comprising a transition metal salt complexed to
an N -phosphiny! goanidine compound. In an aspect, each neutral ligand independently can be a nitrile or
an ether. In an embodiment, the neutral igand can be a nitrile; or alternatively, an ether. The number of
neutral ligands, g, of the metal salt or N*-phosphinyt guanidine metal salt complex comprising a transition
metal salt complexed to an N'-phosphinyl guenidine compound can be any number that forms an
isolatable compound with the metal salt or N>-phosphinyl goanidine metal salt complex comprising a
transition metal salt complexed to an N-phosphinyl suanidine compound. In an aspect, the number of
neutral ligands can be from O to 6; alternatively, 0 to 3; alternatively, O; alternatively, 1; altemnatively, 2;
alternatively, 3; or alternatively, 4. It should be noted that the neutral ligand of the N -phosphinyl
cuanidine metal salt complex comprising a transition metal salt complexed to an N -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 baving a noutral
ligand can be utilized to prepare an N'-phosphinyl guanidine metal salt complex comprising a transition

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

180143}  Generally, each neutral nitrile ligand independently can be a C, to Oy mitrile; or alternatively,

a O to Cpp nitrile. In an embodiment, each neutral nitrile ligand mdependently can be a C,-Cyp aliphatic
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nitrile, a C;-Cyp aromatic nitrile, a Ce-Cyp aralkane nitrie, or any combination thereof] alternatively, a Cs-
o aliphatic nitrile; slternatively, a C-Cy aromatic nitrile; or alternatively, a Cs-Cy aralkane pitrife. In
some embodiments, cach neutral nitrile hgand mdependently can be a C-Cyp aliphatic minle, a2 Cr-Cyy
aronatic mitrile, a Ce-Clo aralkane nitrile, or any combmation thereof, alternatively, a C-Cyp aliphatic

nitrile; alternatively, 8 C5-Cy aromatic nitrile; or alternatively, a Cp-Cyp aralkane nitrile,

[00144] In an cobodiment, cach aliphatic nutrile independently can be acetouitrile, propionitrile, a
butyronttride, or any combination thercof, alternatively, acetonitrile; alternatively, propiomtrile;
alternatively, or a butyronitrile.  In an embodiment, each aromatic nitnile independently can be
benzontrtle, Z-methylbenzonitrile, 3-methylbenzonitrile, 4-methylbenzonitnle, 2-ethyvlbenzominle, 3-
ethylbenzonitrile, 4-cthylbenzonitrile, or any combination thereof, alternatively, henzonitrile;
afteroatively,  Z-mcthylbenzonitrife;  alternatively,  3-methylbeozooitrde;  alternatively,  4-
methylbenronitrile; alternatively, 2-ethylbenzonitrile; alterpatively, 3-ethylbenvonitrile; or alternatively,

4-gthyibenzonitrile.

1801458]  Generally, cach neutral ether ligand independently can be a C, to Cyo sther; alternatively, a
to Csq ether; or slternatively, a C; to Cyp ether. In an cmbodiment, newtral ligand mdependently canbe a
C, to Cy aliphatic acyclic ether, a €5 to Cy aliphatic cyclic ether, a €4 to Ty aromatic cyclic ether, or a
Cyp to Cao diaryl ether; alternatively, a C, to Cyp abiphatic acyclic ether or a Cs to Cyp aliphatic cyclic ether;
alternatively, a €, to s aliphatic acyclic ether; alternatively, a Gy to Oy aliphatic cychie ether;
alternatively, a Cy to Cyo aromatic cvelic ether; or alternatively, a2 Cp to Cy diaryl cther. n some
embodiments, each neutral ether figand independently can be a C; to Oy, aliphatic acyclic ether, a G to
(5o aliphatic cyclic ether, a T, to Ty, aromatic cyclic ether, or a Cpp to Cyo diaryl ether; alternatively, a C,
to Cso aliphatic acychc cther or 8 C5 to Gy aliphatic cyclic ether; alternatively, a C; to sy aliphatic
acyclic ether; alternatively, a Cs to Cs aliphatic cyclic ether; alternatively, a Cy to Csy aromatic cyelic
ether; or slternatively, a Cp to G diaryl ether. In other embodiments, each newtral ether ligand
independently can be a €, to Ty sliphatic acyclic ether, a C; to Cy aliphatic cychic ether, a €y to Cy
aromatic cyclic ether, or a Ty, to Cy diaryl ether; altemmatively, a O, to Cy aliphatic acyclic ether or a s
to Cyp aliphatic cyelic ether; alternatively, a €, to Ty aliphatic acyclic ether; alternatively, a Cs to Cy
aliphatic cyclic ether; alternatively, a €4 to Cop aromatic cyclic ether; or altematively, a Cps to Cyp diaryl

ether.
[80146] In an embodiment, the aliphatic acyclic ether can be dimethyl ether, diethyl ether, a dipropyl
cther, a dibutyl ether, methyl ethyl ether, a methyl propyi ether, a methyl batyl ether, or any combination

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

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

{80147 In an cmbodiment, the aliphatic cyclic cther can be tetrahydrofuran, a substituted
tetrahydrofuran, a dihydrofuran, a substituted dibhydrofuran, 1,3-dioxolane, a substituted 1,3-dioxolane,
tetrahyydropyran, a substituted tetrahydropyran, a dibydropyran, a substituted dilwydropyran, pyrao, a
substituted pyran, a dioxage, or a substituted dioxane; alternatively, tetrabydrofuran or a substituted
tetrahydrofuran; altermatively, a dikhydrofuran or a substituted dihydrofuran; alternatively, 1,3-dioxolane
or a substituted I3-dioxolane; alternatively, tetrahydropyran or a substituted tetrahydropyran;
afternatively, a dilyydropyran or a substituted dihydropyran; alternatively, pyran or a substituted pyran; or
alternatively, a dioxane or a substituted dioxane. In some embodiments, the aliphatic cyclic other can be
tetrahydrofuran, tetrahydropyran, or dioxane, or any combination thereof; altematively, tetrahvdrofuran;
alternatively tetrahydropyran; or alterpatively, dioxane.  Substituents (general and specific) are
independently disclosed herein and can be utilized without limmtation to firther describe a sobstituted
tetrahydrofuran, a substituied dihvdrofuran, a substituted 1,3-dioxolane, a substituted tetrahydropyran, a
substituted dihvdropyran, a substituted pyran, or a substituted dioxane which can be utdized as the neutral

ligand.

{60148} In an embodiment, the aromatic cyclic ether can be furan, a substibited furan, benvofuran, a
substituted  benzofuran, i1sobenzofuran, a substituted 1sobenroturan, dibenzofuran, a substituted
dibenzofuran, or any combination thereof, slternatively, furan or a substituted furan; alternatively,
benzofuran or a substituted benzofuran; alternatively, isobenzofuran or a substituted 1sobenzofuran; or
alternatively, a dibenzofuran or a substituted dibenzofiwan. In some embediments, the aromatic cyclic
cther can be furan, benzofiran, ischenzofiran, dibenzofiwran, or any combination thereot; alternatively,
furan; alternatively, benzofuran; alternatively, 1sobenzofuran; or alternatively, dibenzofuran. Substituents
{general and specific) are independently disclosed herein and can be utilized without funiiation to further
describe a substituted furan, a substituted benzofuran, a substituted ischenzofuran, or a substituted

dibenrofuran which can be atilized as the neutral ligand.

{00149]  In an embodiment, the diaryl ether can be diphenyl ether, a substituted diphenyl ether, ditolyl
ether, a substituted ditoly! ether, or any combination thereof; alternatively, diphenyl ether or a substituted
diphenyt ether; or alternatively, ditolyl ether or a substituted ditolyl ether. In some embodunents, 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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fimitation to fucther describe a substituted diphenyl ether or a substituted ditoly} ether which cap be

utilized as the newutral ligand.

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

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

{80151} In a non-limiting embodiment, the transifion metal salts can be, comprise, or consist
essentially of, a chromium{li) halide, a cheomuum(lli} healide, a chromiunil) carboxviate, a
chromium{HD) carboxylate, a chromium(Il) f-diketonate, a chronmum{Illy B-diketonate, a chrompum(Il)
halide (THF) complex, a chromaum{I{l} halide (THF) complex, an wwon{ll) halide, an won{Ill) halide, an
won{ll) carboxviate, an won(lll) carboxylate, an wron(ll) B-diketonate, an iron{lll} B-diketonate, a
cobalt(Il} halide, a cobalt{Ill) halide, a cobalt(ll) carboxylate, a cobali{ltl) carboxylate, a cobalt(Il}
B-diketonate, a cobalt(Hl) P-diketonate, a mickelIl} halide, a nickel(ll) carboxylate, a wickel(1)
B-diketonate, a palladium(fl) halide, a palladivm{ll} carboxylate, a palladium{ll} f-diketonate, a
platimum{{]) halide, a platimum(IV) halide, a platimum(Il) carboxylate, or 8 platinom(IV) carboxylate. In
some pon-timiting erobhodiments, the transition metal salt can be, comprise, or consist essentially of, a
chromium( )} halide, a chromium(HI) halide, a chronmuum (Il carboxylate, a chromium(l)} carboxylate, a
chromium(tl} B-diketonate, a chrompm(HE) B-diketonate, a chromium(ll) halide (THF) complex, or a
chromium{D) halide (THF) complex; alternatively, an wron(lf) hahide, an won(if) halide, an won(ih
carboxylate, an won{IH} carboxylate, an won{ll) P-diketonate, or an iron(lil) B-diketonate; alternatively, a
cobalt(ll) hahide, a cobalt(Ill} halide, a cobalt{ll} carboxvlate, a cobalt(lll} carboxylate, a cobali(ll)
B-diketonate, or a cobalt(lll) B-diketonate; altematively, a nickel(Il) halide, a nickel{Il} carboxylate, or a
nickel(ll) B-diketonate; alternatively, a palladivon(Il) halide, a palladiom{Il} carboxvlate, or a
palladnem(Il) f-diketonate; or alternatively, a platinum(I) halide, a platinum(IV) halide, a platinum(il)
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 chromiun{Ill) carboxylate, a chromuum{Iii)
B-diketonate, a chromunill} halide (THF) complex; alternatively, an iron(lH} halide, an iron{IIl}
carboxylate, or an won{HI) B-diketonate; or aliernatively, a cobalt(HI) halide, a cobalt(Ill} carboxylate, or
a cobalt(Ill) B-diketonate. In other embodiments, the transition metal salt can be, comprise, or consist
essentially of, a chromium(Il) halide; alternatively, a chromium(HE) halide; alternatively, a chromuum (1)
carboxylate; alternatively, a chromuumIlly carboxylate; alternatively, a chromium(ll} P-diketonate;
alternatively, a chromium(fll} B-diketonate; shternatively, a chvomitum(H} halide (THF) complex;
alterpatively, a chromuum{Ill) halide (THF) complex; alternatively, an wron(Il} halide; alternatively, an

wron(1) halide; alternatively, an won(il) carboxylate; aliernatively, an won(ll) carboxylate; alternatively,



WO 2013/184579 PCT/US2013/043902

G0

an iron{il} B-diketonate; alternatively, an won{lll) PB-dikctonate; alternatively, a cobalt(Il) halide;
alternatively, a cobalt{lil) halide; alternatively, a cobalt(ll} carboxvlate; alternatively, a cobalt{lil}
carboxylate; alternatively, a cobalt{Il) B-diketonate; alicrnatively, a cobalt(HI) B-diketonate; alternatively,
a nickel(Th) halide; alternatively, a nickel(H) carboxvlate; alternatively, a nickel(Il} B-diketonate;
afternatively, a palladiam{ll} halide; alternatively, a palladiom(Il) carboxylate; alternatively, a
palladivm(ll) B-diketonate; altematively, a platimum{il}) halide; alterpatively, a platioum{lV) halide;

alternatively, a platinuny(Il} carboxylate; or alternatively, a platinum(IV) carboxylate.

{00152] In some non-limiting cmbodiments, the transition metal salt can be, comprise, or consist
gssentially of, chromium(ll) chloride, chromium(HI} chlonde, chromumm(ll) fluonde, chromuwum(lD)
fluoride, chromiunih) brooude, chrommmm(Iil) browude, chrovuom(ll) iodide, chromium{iH} iodide,
chromum(E) chlovide (THF) complex, chrommm(l} acctate, chromium{ll) acctate, chronmuum(ih) 2-
¢thylhexanoate, chromium(HEy 2-cthylhexanoate, chromiunylly inflate, chromium(Ill) #riflate,
chromium{(H)  nitrate, chromiwm(Ill} acetylacetonate, chrominm(Hl)  hexafluoracetyvlacetonate,
chromium(HE) benrzoviacetonate, iron{ll) chlonde, ron(iily chlonde, won(Il) fhuonide, won(lil) fluonide,
tron(ll} bronude, wondill) bromide, iron(ll) iodide, tron(lil) iodide, iron{ll) acctate, won{lil) acctate,
iron{ll) acctylacctonate, iron(tl) ascetylacctonate, wron(ll) 2-cthythexancate, won(ll) 2-cthylhexanoate,
won(H} triflate, won(HDy triflate, won(HI) mitrate, cobalt(Ily chloride, cobalt(III) chloride, cobali(ID)
fluoride, cobalt(HI) fluonde, cobalt(If} bromude, cobalt(Tih bromide, cobali{dl) iodide, cobak(iH) rodide,
cobalt(1D) acetate, cobalt(H} acetate, cobalt(H} acetylacetonate, cobalt(Ill} acetviacetonate, cobali(tl} 2-
cthythexanoate, cobalt(ily 2-cthylhexanoate, cobalt(tly triflate, cobalt(HI} triflate, cobalt(1ll) vitrate,
nickel(1l) chioride, nickel(H} fluoride, nickel{ll} bromide, nickel(il) iodide, nickel{li) acctate, nickel(H) 2-
gthylhexanoate, mckel{ll} tnflate, nickelll) wtrate, nickel{Il) acetylacetonate, wckeID)
benzoviacetonate, nickel(ll) hexaflooracetylacetonate, palladium(ll) chloride, palladium(Il) fluoride,
palladiom(Il} bromude, palladwm(ib) iodide, palladum(Il} acctate, palladmum(ll) acetylacctonate,
palladim(ll) nitrate, platium(Il} chlonide, plativom(ll) bromide, platiom(ll) iodide, or platioum(1V}
chloride. In other embodiments, the transition metal salt can be, coraprise, or consist cssentially of,
chromunH}  chlonide, chromponIlDy  chloride, chromnum(lDy  fluoride, chromomdIiD  fluonde,
chromium(fl} bromide, chromaum(ll}) bromude, chromum(l} 1odide, chromium(HD odide,
chromuum(HE) chlovide (THF) complex, chrommm({l} acctate, chromium{ll) acctate, chronmuwmm(lh) 2-
cthythexanoate, chromuum(Hl}y  2-cthythexanoate  chromiunmdlly  triflate, chromiun(Ill) triflate,
chromium{(H) wmitrate, chromuum{Ill) acetylacctonate, chromuum{Ill} hexathioracetylacetonate, or
chromium(HI} benroylacetonate; alternatively, won{H} chioride, won(ll) chlonde, won{ll} fluonde,

ron{Il) fluoride, won(ll) bronude, wrondllD) brovude, wron(lD) 1odide, won{Hl) 1odide, wrondl) acetate,
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tron(H1) acetate, ivon(Il} acetylacetonate, iron{tl) acctylacetonate, won{ll) 2-cthylhexanoate, won(lll) 2-
cthyihexanoate, won{ll) triflate, won(ll) triflate, or iron(ll} nitrate; alternstively, cobalt(ll} chloride,
cobalt(IIT} chloride, cobalt{ll) fleonde, cobalt{HI} fluoride, cobalt(Ily bromude, cobal(Ill} bromude,
cobalt(Il) 1odide, cobalt(li) iodide, cobalt(iy acetate, cobalt{IIl) acctate, cobalt(ll} acetyviacetonate,
cobalt(1ll) acctylacetonate, cobal(ll) 2-cthylhexanoate, cobalt(Ill} 2-cthylhexanocate, cobalt{ll} tntlate,
cobalt(Il) triffate, or cobalt(lll) nitrate; alternatively, mickel(I) chloride, nickel(Il) fluoride, mickeldIl)
bromide, nickelIl) iodide, nickel(ll) acctate, nickel{ll} 2-cthylhexanoate, nickel(Il} triflate, nickel(1l)
mitrate, nickel(ID) acctylacetonate, mckel(l} benroyiacetonate, or nickel{ID) hexafltuoracetylacetonate;
alternatively, palladium{il}y chloride, palladium(1l) flooride, palladivnIl) bromude, palladivm(ll} 1odide,
palladiem(il) acetate, palladiuny(ll) acetylacetonate, or palladium(Il) nitrate; or alternatively, platinum(il)
chloride, platinura(ll) bromude, platinum{ll) tedide, or platinunIV) chioride. In yet other embodiments,
the transition metal salt can be, comprise, or counsist essentially of, chromium{[il) chioride, chrommm{lil}
fluonde, chromivm(H}y bromude, chromuum{lil} iodide, chrompmn(Ill} chlonde (THF)} complex,
chrompum{(Il) acetate, chromivm(Hl} 2-ethvibhexanoate, chronuwam(l) tntlate, chronuum(lD nifrate,
chromuum{Il})  acctylacctonate,  chromiumIll)  hexafluoracetyvlacctonate, or  chromumm(UY)
henzoylacctonate; or alternatively, iron(Iih) chioride, ron(Hl) fluoride, ron(ll) bromide, iron{Iil) iodide,
iron(1il) acetate, won(ii} acetylacetonate, won{ll) Z-cthylthexanoate, iwron(i) triflate, or won(HI) nitrate.
In further embodiments, the transition metal salt can be chromum(HI} chloride, chrompem(II) chionde
{THF)} complex, or chromiumdlll} acetylacctonate; or alternatively, won(lil) chloride, or won(Ill)

acetylacetonate.

[B0153]  In some non-limiting cmbodiments, the transition metal salts can be, comprise, of consist
gssentially of, chromuum(Ily chloride; alternatively, chrompun(Il) chlonde; alternatively, chromum(Il)
flvoride; altematively, chromuunm(ll) floonde; abiernatively, clronuom(ll) bromude; alternatively,
chromuum{I)  bromide; altematively, chromium(ll) itodide; alternatively, chromium(H) iodide;
alternatively, chromiwm(ll) chloride (THF) complex; aslternatively, chromivm(ll) acetate; alternatively,
chromium{ti) acetate; alternatively, chromium{lly Z-cthyihexanoate; alternatively, chromumm(Hl) 2-
gthylhexanoate; alternatively, chromiunlly tritlate; alternatively, chromom(lily tnflate; alternatively,
chrompum{(I}) nitrate; aliernatively, chromwum(lll) acetylacctonate; alternatively, chromm(iil)
bexafluoracetylacetonate; alternatively, chromuum(Hi) benzoyiacetonate; alternatively, won(ll) chiornide;
alternatively, iron(lH} chloride; alterpatively, iron{lDy fluonide; alternatively, iron{illy fluoride;
alternatively, iron(ll) bromude; slternatively, won(Ill) bromide; alternatively, ron(Il} 1odide; alternatively,
won(l) iodide; alternatively, won(ll) acetate; alternatively, won(ll) acetate; alternatively, won(ih

acetylacetonate;  alternatively, iron(Iil} acetylacetonate; alternatively, won(ll) 2-ethylhexanocate;
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alternatively, won(ll) 2-cthyvlhexanoate; alternatively, wron(ll} triflate; alternatively, won(lll) tniflate;
alternatively, iron(JIl} nitrate; alternatively, cobalt{ll} chloride; alternatively, cobalt(Ill} chloride;
alternatively, cobalt(Il) fluoride; altermmatively, cobalt(IiDy fluoride; alternatively, cobalt(Il} bromide;
alternatively, cobalt(Ill} bronude; alternatively, cobalt(ll} iodide; alternatively, cobalt(lll) iodide;
alternatively, cobalt(ll) acetate; alternatively, cobalt(lll) acctate; alternatively, cobalt(ll) acetylacetonate;
alternatively, cobalt(Jily acetylacetonate; alternatively, cobalg(lly Z-ethylhexanoate; aliernatively,
cobalt(Ill} 2-cthylhexanoate; alternatively, cobalt(ll} triflate; alternatively, cobalt(lll) wiflate;
alternatively, cobalt{HI} nitrate; alternatively, mickelIly chlonde; alternatively, mickel{l} fluoride;
alerpatively, nickel{ID} bromude; alternatively, nickelIDy iodide; alternatively, mickel(Il} acetate;
alternatively, nickel(Il) 2-cthythexanoate; alternatively, mickel(Il) triflate; alternatively, nickel(ll) nitrate;
alternatively, nickel(ll) acetylacetonate; alternatively, nickel(Il) benroylacetonate; alternatively, nickel(Il)
hexafltuoracetyiacetonate; alterpatively, palladium(ll} chloride; alternatively, paliadomn(ll) fiuornde;
alternatively, palladiom(Ily bromude; alternatively, palladiom(ID) iodide; abternatively, palladram(I)
acetate; alternatively, palladium(ily acetviacetonate; alternatively, palladiom(Il) nitrate; alternatively,
platioum({ll) chloride; alternatively, plativundll) bromide; altematively, platinum(Il} iodide; or

alternatively, platioomd1V) chioride.

100154} It should be appreciated, that a given N -phosphinyl gnanidine metal salt complex can have
ong or more neutral ligands even when the metal salt utilized to produce the N'-phosphinyl guaniding
metal salt complex did not have any neutral ligands. Additionally, a given N’ -phosphinyl guanidine
metal salt complex can have more neutral ligands than present in the metal salt utitized to produce the N

phosphinyl guanidine metal salt complax.

Preparation of N'-Phosphiny! Guanidine Metal Salt Complexes

[00155]  In an aspect, this disclosure relates to a process of proparing an N -phosphinyl guaniding metal
salt complex. Generally, the process of preparing the N -phosphinyl guanidine metal salt complex can
comprise: a) contacting a metal salt with an N -phosphinyl guanidine compound; and 1) forming the N*-
phosphinyl guanidine metal salt complex. Generally, the N -phosphinyl guanidine metal salt complex
can be formed under conditions capable of forming an N -phosphiny! guanidine metal salt complex. In
some embodiments, the N'-phosphinyl guanidine metal salt complex can be isolated; alternatively

purifiad; 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 N-phosphiny] guanidine metal salt complex.
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Metal salts are disclosed herem aod can be utilized without linitation to further describe the process of

reparing an No-phosphiny! cuanidine metal salt complex.
preg 4 PRospRInyi g P

{00157} Generally, the metal salt and the N'-phosphinyl guanidine compound can be contacted at a
metal salt to N™-phosphinyl guanidine compound equivalent ratio of at least 0.9:1. In some embodiments,
the metal salt and the N’-phosphiny! guanidine compound can be contacted at a metal salt to N°-
phosphinyl guantdine compound equivalent ratio of at least 0.95:1; alternatively, of at least 0.975:1; or
alternatively, of at least (.99:1. In some embodiments, the metal salt and the N'-phosphiny! guanidine
compound can be contacted at a metal salt to N>-phosphinyl goanidine compound equivalent ratio ranging
from 0.9:1 to 1.25:1; 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 other embodiments, the metal salt and the N
phosphiny! suanidine compound can he contacted at a metal salt to N-phosphinyl guanidine compound

equivalent ratio of about 1:1.

00188} Conditions capable of forming an N -phosphinyl guanidine metal salt complex can comprise a
contact temperature; alternatively, a contact time; or alternatively, a contact temperature and a contact
time. In an embodiment, the contact temperature for forming an N -phosphiny! guanidine metal salt
complex can include a contact temperature of at least 0 °C; alternatively, of at least 5 °C; alternatively, of
at least 10 °C; or alternatively, of at least 15°C. In some embodiments, the contact temperatore for
forming the N -phosphiny! guanidine metal salt complex can include a contact temperature ranging from
0 °C to 60 °C; alterpatively, ranging from 5 °C to 530 °C; altematively, ranging from 10 °C 0 45 °C; or
alternatively, ranging from 15 °C to 40°C. Tn an embodiment, the contact time for forming the N'-
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 hoor. In some
embodiments, the contact time for forming the N -phosphiny! guanidine metal salt complex can include a
contact time ranging from 15 oupumtes to 36 hours; alternatively, raoging from 30 mioutes to 30 hours;

alternatively, ranging from 45 minutes to 24 hours; or aliernatively, ranging from | hour to 18 howss.

{60159} In an embodiment, the metal salt and the N -phosphiny! guanidine compound can be contacted
in a solvent. In some embodiments, the metal salt and the N -phosphinyl guanidine compound can be
contacted 1n a polar solvent. In some embodiments, the solvent 1s the same as the neotral ligand, Q, of the
N-phosphinyl guanidine metal salt complex. Solvents {general and specific) and newtral Hgands (general
and specitic} are generally disclosed herein and can be utilized, without limitation, to further describe the

srocess of preparing the N phosphinyl guanidine metal salt complex.
¥ prepanng phospiinyt g P
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00160}  In an embodiment, the N -phosphinyl suanidine metal salt complex can be utilized without
further isolation or purification. In some embodiments, the N”-phosphinyl guanidine metal salt complex
can be isolated; slternatively, purificd; or alternatively, isolated and purified. In an embodiment, wherein
the N-phosphinyl guanidine metal salt complex is prepared in a solvent, the process to prepare the N
phosphinyl guanidine metal salt complex can inclode a step of isolating the N -phosphinyl guanidine
metal salt complex by evapoerating the sofvent. In an embodiment wherein the N -phosphinyl guanidine
metal salt complex is prepared in a solvent, the process to prepare the N'-phosphiny! guanidine metal salt
complex can include the step of isolating the N -phosphinyl guanidine metal salt complex by filtering the
solotion 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 N'-phosphiny! guanidine compound is purified by dissolving the N-
phosphinyl guanidine metal salt complex in a solvent and filtering the solution to remove particulate
materials and/or byprodacts of the reaction. The solvent atilized to purify the N -phosphinyl guanidine
metal salt complex can be the same solvent utifized 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 inchude a purification step of isolating the N'-phosphinyl guanidine metal salt complex by
washing the N -phosphinyl guanidine metal salt complex with a solvent. In other embodiments, the
process of preparing the N -phosphiny! guanidine metal salt complex can include a purification step of

recrystallizing the N -phosphinyl guanidine metal salt complex.

{80161} Generally, the evaporation of the solvent can be performed using any suitable 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 {(¢.g., at a
temperature ranging from 25 °C fo 50 °C). In further embodiments, the solvent can be evaporated at
ambient temperature under reduced pressure. In yet other embodiments, the solvent can be evaporated

with gentle heating under reduced pressure.

Catalyst Systems

{60162] 1In 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 N'-
phosphinyl guanidine metal salt complex. In an embodiment, the catalyst system {or catalyst system
composition) can comprise, or consist essentially of, an N -phosphinyl guanidine metal salt complex and

a metal alkyl compound; or alternatively, an N -phosphinyl guanidine metal salt conplex and an
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aluminoxane. In anotber aspect, the catalyst systenm {(or catalyst system composition) can corprise, or
consist essentially of, an N -phosphinyl guanidine compound, a metal salt, and a metal alkyl compound;
or alternatively, an N -phosphinyl guanidine compound, a metal salt, and an alaminoxane. N -phosphinyl
auaniding moetal salt complexes, metal salts, N-phosphinyl guanidine compounds, metal alkyl
corppounds, and aluminoxanes which can be utilized in various aspects and/or embodiments of the
catalyst systerus (or catalyst system corapositions) are independently described herein and can be utilized

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

Metal Alkvl

{B0163]  Generaily, the metal alkyl compound which can be utilized in the catalyst system of this
disclosure can be any heteroleptic or homoleptic metal alkyl compound. To an embodiment, the metal
afkyl compound can conmprise, cousist essentially of, or consist of, a non-halide metal alkyl comapound, a
metal alkyl halide compound, or any combination thereof; alternatively a non-halide metal alloyt

compound; or alternatively, a metal alkyl halide compound.

180164] TIn an emnbodiment, 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 atkyl compound (nron-
halide metal alkyl compound or metal alkyl hahide compound) can be lithium, sodiem, potassium,
rubidium, cosium, bervilivan, magnesiuny, calcium, strontium, barium, zing, cadmaum, boron, alununam,
or tin; alternatively, hithium, sodium, potassiom, magnesium, calcium, zime, boron, slumimim, or ting
alternatively, lithium, sodium, or potassiumy alternatively maguoesium, caletum; alternatively, lithwum;
alternatively, sodium;  alternatively, potassivny  alternatively, magnesium; alternatively, calciuny
alternatively, zinge; altemnatively, boron; alternatively, alympmon; 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 Lithiur alkyl compound, a sodium alkyt
compound, a magnestum alkyl compound, a boron alkyl compound, a zinc alkyl compound, or an
aluminum atkyl compound. In some embodiments, the metal alkyl compound {non-halide metal alkyt
compound or metal alkyl halide compound) can comprise, consist essentially of, or consist of, an

alumunum alkyl compound.

[00165]  In an eobodiment, the aluminum alkyl compound can be a trialkyialumioum compound, an
atkylalominem halide compound, an alkylalhuminum alkoxide compound, an aluminoxane, or any
combination thereof. In some embodiments, the aluminum alkyl compound can be a triallylaluminum

compound, an alkylalummum halide compound, an alominoxane, or any combination thercof, or
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alternatively, a triatkyishominum cormpound, an alwbinoxane, or any combination thereof. In other
embodiments, the alumioum atkyl compound can be a inalkylaluminum compound; alternatively, an
atkylahiminom halide compound; alternatively, an alkylaluminum atkoxide compound; or alternatively,

an aluminoxane.

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

I

A0 "
| t Formula I
24

wherein R™ is a hnear or branched alkyl group. It should be noted that alkyl group, R7, of the
alununoxane repeating unit having Fornwila I can be a mixture of different alky! groups. Alkyl groups for
metal atkyl compounds are independently described herein and can be utilized without Hmitation fo
further describe the aluminoxanes repeating unit having Formula L Generally, o of Forawla 1 is greater
than 1; or alternatively greater than 2. In an embodiment, n can range from 2 to 15; or alternatively, range

from 3 to 10,

{80167} In an aspect, cach halide of any metal alkyl halide compound disclosed herein can
mndependently be fluoride, chloride, bromide, or todide; alternatively, chloride, bromude, or iodide. Inan
embodiment, each halide of any metal alkyl halide compound disclosed herein can be fluoride;

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

180168] TIn an aspect, each alkyl group of any metal alkyl compound disclosed herein (non-halide metal
afkyl compound, metal alkyl halide compound, and/or aluounoxane, among other described herein)
independently can be a C to Cyy alkyl group; alternatively, a C; to Cyo alkyl group; or alternatively, a C,
to Cg alkyvl group. In an embodiment, each alkyi group independently can be a methyl group, an ethyl
group, a propyl group, a butyl group, a pentyl group, a hexyl group, a heptyl group, or an octyl group;
alternatively, a methyl group, a ethyl group, a butyl group, a bexyl group, or an octyl group. o sone
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 group, 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 1so-butyl

group; alternatively, an n-hexyl group; or alterpatively, an n-octyl group.
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{B0169]  In an aspect, each alkoxide group of any metal alkyl alkoxide compound disclosed herein
tndependently can be a C; to Cy atkoxy group; alternatively, a C, to C, alkoxy group; or alternatively, a
C, to g alkoxy group. In an cmbodiment, cach alkoxide group of any metsl atkyl atkoxide compound
disclosed herein mdependently can be a methoxy group, an ethoxy group, a propoxy group, a butoxy
group, a pentoxy group, a hexoxy group, a heptoxy group, of an octoxy group; alternatively, a methoxy
group, a ethoxy group, a butoxy group, a hexoxy group, of an octoxy group. In some emmbodiments, each
atkoxide group of any metal atkyl alkoxide compound disclosed herein independently can be a methoxy
group, an ethoxy group, an n-propoxy group, an n-butoxy group, an 1so-butoxy group, an n-hexoxy group,
of an n-octoxy group; alternatively, a methoxy group, an ethoxy group, an a-butoxy group, or an i’o-
butoxy group; alternatively, a methoxy group; alternatively, an ethoxy group; alternatively, an n-propoxy
group; alternatively, an u-butoxy group; alterpatively, an iso-butoxy group; altersatively, an n-hexoxy

group; or alternatively, an n-octoxy group.

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

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

{80171} In a non-limiting embodiment, the trislkylahiminum compound can be, comprise, or consist
essentially  of,  wimethylaluminmum,  tniethylaluminum,  tripropylabuminom,  nbotylahuninom,
trthexvialominum, trioctylaluminum, or mixtures thereof.  In some non-luniting embodiments, the
trialkylalunusum  compound can  be, comprise, or counsist essentially of, trimethylaluminum,
triethylaluminum, tripropylalumimur, tri-n-butylaluminum, tri-sobutylaluminum, tethexyialumunum, tri-
g-cotvialuminum, or nuxtures thereof; alternatively, triethylalununum, tri-n-butylahiminum, -
isobutylabmmpum,  trihexylalominum,  tri-n-octylabmmnum, or  muxtwres  thereof,  alternatively,
triethylaluminum, tri-n-butylalurminum, trihexvialonumun, tri-n-cctylaluminom, or mixtures thereof. In
other non-limiting embodiments, the trialkylalununum compound can be, comprise, or consist essentially
of, trimethylatmuinuoy alterpatively, tricthylaluoumug; alternatively, fripropyvialunminum; alternatively,
tri-n-butylalominum;  alternatively,  tri<isobutylahmminomy  altersatively,  trithexylaluoumumg;  or

alfternatively, in-n-octylaluminum.

801721 In a non-limiting embodiment, the alkylaluminum halide compound can be, comprise, or
consist essentiatly of, diethylaluounum chionde, disthylalumioom bromude, ethylaluminum dichloride,
cthylalununum sesquichloride, and mixtures thereof.  In some non-linwting embodunents, the
atkylabhiminoem halide can be, comprise, or consist essentially of, diethylaluminom  chlonde,

ethylaluminum dichloride, ethylalununum sesquichloride, and mixtures thereof. In other non-limiting
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embodiments, the alkylaluminum halides can be, comprise, or consist essentially of, diethylalununum
chioride; alternatively, diethylaluminum  brooude; alterpatively, ethylaluminum  dichlonde; or

alternatively, ethylaluminum sesquichionde.

183173} In a non-limiting embodiment, the ahmminoxane can be, comprise, or consist essentially of,
methvlaluminoxane (MAQ),  cthylaluminoxase, wmwedified  methylahwninoxane (MMAQO),
p-propylaluminoxane, iso-propylaluninoxane, n-butylabuminoxane, sec-butylaluminoxane,
iso-butyialuminoxane, t-butyl aluminoxane, 1l-pentylahuminoxane, Z-pentylaluminoxane, 3-peotyl-
aluminoxane, iso-pentylaluminoxane, neopentylaluminoxane, or mixtores thereof; In some non-limiting
embodiments, the aliinoxane can be, comprise, or coustst essentially of, methylahmmimoxane (MAQ),
modified methvlaluminoxane (MMAQO), isobutyl aluminoxane, t-butyl alummoxane, or mixtures thereof.
In other von-lumiting embodiments, useful aluounoxanes can joclhude methylahuminoxane (MAQOY
alternatively, ethylaluminoxane; alternatively, modified methylabuminoxane (MMAQ); alternatively,
n-propylalominoxane;  alternatively,  iso-propylalummnoxane;  alternatively,  n-butylaluminoxane;
afternatively, sec-butylaluminoxane; alternatively, iso-butylaluminoxane; alternatively, t-butyl
aluminoxane; alterpatively, i-pentylalununoxane; altemnatively, 2-pestylaluminoxane; alternatively,

3-pentylahminoxane; alternatively, so-pentylaluminoxane; or alternatively, neopentylaluminoxane.

Catalyst System Component Ratios

[00174] In an aspect, the metal alkyl and N-phosphinyl guanidine metal salt complex can be
corbived in any ratio that can form an active catalyst system {or catalyst system composition). in an
embodiment, the metal of the metal alkiyl compound to the metal of the N -phosphinyl guanidine metal
salt complex molar ratio can be greater than or equal to 5:1; alternatively, greater than or cqual to 101
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 30:1 to 5,000:1; or aliernatively, range from 100:1 to 2,500:1. When a metal alkyl compound
having a specific metal and an N'-phosphiny! guanidine metal salt complex having a specific metal is
utilized the metal of the metal alky! compound to the metal of the N -phosphinyl guanidine metal salt
complex molar ratio can be stated as a specific metal of the metal alkyl to specific metal of the N
phosphinyl guanidine metal salt complex molar ratio. For example, when the metal atkyl compound is an
atkylalomimum  compound {(e.g., triatkylahiminem compound, alkylalhuminom halide compound,

alkviahmunum alkoxide compound, and/or aluminoxane} and the N-phosphinyt guamdine metal salt
o b4 y
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complex is an N -phosphinyl guanidine chromium salt complex, the metal of the metal alky! compound to
metal of the metsl salt can be an aluminum to chromivim molar ratio. In some non-limiting embodiments,
the aluminum to chromium molar ratic can be greater than or equal to S:1; alternatively, greater than or
equal to 10:l; alternatively, greater than or equal to 25: 1; alternatively, greater than or equal to S0:1;
afternatively, greater than or equal to 100:1; alternatively, range from 5:1 to 100,000:1; alternatively,
range from 10:1 to 50,000:1; alternatively, range from 25:1 to 10,000:1; alternatively, range from 50:1 €0

5,000:1; or altematively, range from 100:1 to 2,500: 1.

{60175}  In another aspect, the metal alkyl, metal salt, and N'-phosphinyl geanidine compound can be
combined in any ratio that forms an active catalyst system (or catalyst systern composition). Generally
the ratio of the components of the catalyst systera (or catalyst system composition} coraprising, consisting
essentially of, or cousisting of a metal alkyl, motal salt, and N'-phosphinyl guanidine compound can be
provided as i} a molar ratio of the metal of the metal alkyl compound o metal of the metal salt, 11) an
equivalent ratio of the No-phosphinyl guanidine compound to metal salt, or iti) a combination of a molar
ratio of the metal of the metal alkyl compound to metal of the metal salt and an equivalent ratio of the N*-

phosphinyl guanidine compound to metal salt,

{80176] In an cmbodiment, 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; 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 metal salt molar
ratic can rapge from S: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:] to
2,500:1. When a metal alkyl compound having a specific metal and a metal salt having a specific metal s
utilized the metal of the metal alkyl compound to the metal of the metal salt molar ratio can be stated as a
specific metal of the metal atkyl compound to specific metal of the metal salt molar vatio. For example,
when the metal atkyl compound s an alkylalomioum compound {(e.g., trialkvialuminum compound,
atkylahiminom halide compound, alkylaluminum alkoxide compound, and/or aluminoxane) and the metal
salt 13 a chromiuwm salf, the metal of the metal alkyl compound to metal of the metal salt can be an
alunmunurn to chromium molar ratio.  In some noo-limutmg embodiments, the aluminum to chromiam
molar ratio can be greater than or equal o 5:1; alternatively, greater than or equal to 10:]; alternatively,
greater than or equal to 25: 1; alternatively, greater than or equal to 50:1; alternatively, greater than or
gqual to 100:1; alternatively, range from §:1 to 100,000:1; alternatively, range from 180:1 to 50,000:1;
alterpatively, range from 23:1 to 10,000:1; alternatively, range from 30:1 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 metal salt equivalent ratio can
be greater than or equal fo 0.4:1; alternatively, greater than or equal to 0.9:1; ot alternatively, greater than
or equal to 0.95:1; or alternatively, greater than or equal to 0.98:1. In some embodiments, the N-
phosphinyl guamdine compound to metal salt cquivalent ratio can be range from 0.8:1 to 5:4;
alternatively, range from 0.9:1 to 4:1; or alternatively, range from 0.95:1 to 3:1; or alternatively, range
from 0.9%:1 to 2.5:1. In other embodiments, the N -phosphinyl gnanidine compound to metal salt
equivalent ratio cap range from (.9:1 to 1.25:1; alternatively, ranging from 0.95:1 to 1.20:1; alternatively,
ranging from $.975:1 to 1.15:1; or alternatively, ranging from 0.99:1 to 1.10:1. In yet other embodiments,
the N>-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 N'-phosphinyl
cuanidine etal salt complex and the formation of the catalyst system may impact aspects of the
oligomerization. In an cmbodiment, increasing the time between the isolation and/or purification of the
N-phosphiny! 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 N'-phosphinyl gmanidine metal salt complex and the
formation of the catalyst system can increase the percentage of polymer produced by the catalyst system.
Without being hmited by theory, it is believed that these effects can result from the disassociation of (or
alternatively, evaporation of) neutral ligand, Q, from the N>-phosphinyl guanidine metal salt complex

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

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

the catalyst systern can provide increased cligomer (or polyrer} product per unit of catalyst systen,

{80380} However, it may not be possibic 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
suanidine metal salt complex and the formation of the catalyst system can increase the percentage of
polymer produced by the catalyst system.  If the polymer production of the catalyst system utilizing the
N-phosphinyl guanidine metal salt complex increases too mach, 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.

{B0I81] In an embodiment, some of the effects of increasing the time between the isolation and/or
purification of the N™-phosphiny! guanidine metal salt complex and the formation of the catalyst system
can be reversed by adding neutral ligand to the N -phosphinyl guanidine metal salt complex. The ability
to reverse some of the effects of increasing the time between the isolation and/or purification of the N
phosphinyl guanidine metal salt complex and the formation of the catalyst system can negate potentially
negative effects. Non-limiting examples of negative effects of mcreasing the tume between the isolation
and/or purification of the N -phosphinyl guanidine metal salt complex and the formation of the catalyst
systern can include 1) prohibiting the ability o use an N'-phosphinyl guanidine metal salt complex by
increasing the time between the isclation and/or purification of the N -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 fo minimize the time between preparing the
N -phosphinyl guanidine metal salt complex and the preparation of the catalyst system utilizing the N*-
phosphinyl guanidine metal sait complex. It should also be noted that the incremental loss of the neutral
ligand can tmpact the catalyst system and its subsequent use 1 an oligomenization. Consequently, while
adding neutral ligand can reverse the effect of neutral ligand loss from the N™-phosphinyl gnanidine metal
salt complex, process and/or steps can be implemented that can hinut the loss of neutral ligand loss from
the N'-phosphiny! guanidine metal salt complex as a method to control the effects associated with the
neutral ligand loss from the N-phosphinyl guanidine metal salt complex. For example, the N°-
phosphinyl guanidine metal salt complex can be stored n a sealed container (among other methods know
to those having ordinary skill in the art) to ot loss of neutral ligand from the N -phosphinyl guanidine

metal salt complex.

[00182] However, without being Hmited by theory, it is belicved that too much neutral lgand
associated with the N'-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 N -phosphinyl guanidine metal salt complex. Generally,
addition of the neutral Hgand to the N’-phosphinyl guanidine metal salt complex can be accomplished by
any suitable method. For example, the N™-phosphinyl guanidine metal salt complex can be recrystallized
from a solution containing a neutral ligand or the N -phosphinyl guanidine metal salt complex can be
placed in a solvent containing a neutral ligand. Fxcess neutral ligand can be removed from the N°-

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

formation of the catalyst system.

{60183} In an aspect, the isolated and/or purified N'-phosphiny] guanidine metal salt complex can be
utilized in catalyst systern for an oligomerization {(or polymerization) process. Conseguently, in an
aspect, any process of producing a catalyst system disclosed herein or any oligomerization {or
polymerization) process can further comprise a step of aging the N -phosphinyt 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 N'-phosphinyt
suanidine metal salt complex with a neutral ligand and 2) allowing the treated N -phosphiny! guanidine
metal salt complex to age. In another aspect, any process of producing a catalyst system disclosed herein
or any oligomerization (or polymerization) process can further comprise a step of treating an aged N°-
phosphinyl guanidine metal salt complex with a neutral ligand; or alternatively, 1) treating the N-
phosphiny! cuanidine metal salt complex with a neutral ligand and 2) allowing the treated N -phosphinyl

suanidine metal salt complex 1o age.

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

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

[B0185]  The catalytic activity of any catalyst systern described herein comprising any N -phosphiny!
guanidine metal salt complex described herein in an oligomerization {(or polymerization) process can be
defined as the grams of oletin obigomer {or polymer) product (or liquid olefin oligomer/polymer product,

or any other defined portion of the oligomerization/polymernization product) produced per gram of metal
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of the metal salt in the N -phosphinyl guanidine metal salt complex utilized. In an embodiment, the
catalyst system activity of any catalyst system described herein comprising any N*-phosphinyl gnanidine
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 m the catalyst systern
activity and can be related to the activity of the catalyst system prepared using a fresh N-phosphinyt
guaniding metal salt complex, ap. Generally, a fresh N -phosphiny! gnanidine metal salt complex is ong
which has been utilized to prepare a catalyst system within 7 days of its isolation and/or purification. It
should be noted, a fresh N -phosphinyl guanidine metal salt complex does not contain excess neutral
figand which can give an inactive catalyst system {i.¢. a catalyst system that produces less than S00 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

denotaed a,.

{00186} In an embodiment, the N'-phosphinyl guanidine metal salt complex can be aged for a
maximmurn of 730 days; alternatively, 550 days; alternatively, 450 days; alternatively, 365 days;
alternatively, 330 days; altematively, 300 days; alternatively, 270 days; altersatively, 240 days;
alternatively, 210 days; or alternatively, 180 days. In some embodiments, the N -phosphinyl gnanidine
metal salt complex can be aged for a minimam of 1 day; alternatively, 3 days; alternatively, 7 days;
alternatively, 14 days; alternatively, 28 days. In other embodiments, the NQ-phosphinyE guanidine motal
salt complex can be aged from any mininwm aging time provided herein to any maxirown aging time
provided herein. In a non-limiting ombediment, the N -phosphiny! gmanidine 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 coraplex (for any time period
described herein} can increase the activity of any catalyst system describad herein utilizing any N™-
phosphinyl goanidine metal salt complex described herein by a mmimum of 10 %; alternatively, by at
feast 20 %; alternatively, by at least 30 %; alternatively, by at least 40 %; or alternatively, by at least
50 %. In other embodiments, aging the N -phosphinyl guanidine metal salt complex (for any time peried
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 %0; alternatively, 750 %; alternatively, 600 %; or aiternatively, 500 % In some embodiments, aging
the N’-phosphiny! guanidine metal salt complex (for any time period described herein) can increase the

activity of any catalyst system described herein utilizing any N -phosphiny! guanidine metal salt complex
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described hersin from any mininwm value described berein to any maxumum value described herein. Ina
non-limiting example, aging the N>-phosphinyl puanidine 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 from 10 % to 1500 %:; alternatively, from 20 %
to 1000 %; alternatively, from 30 % to 730 %; alternatively, from 40 % to 600 %; or alternatively, from

50 % 1o 560 %. Other catalyst syster 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 N -phosphinyl guanidine metal
salt complex described herein can provide an oligomerization catalyst systern which can produce any
defined percentage of polymer described herein. In an embodiment, aging the N -phosphiny! guanidine
metal sali complex (for any time period described herein) for any catalyst system described herewn
utilizing any N'-phosphinyl guanidine metal salt complex described hercin can provide an
oligomerization catalyst system which can prodoce less than 5 weight percent (wt.%) polymer;
alternatively, equal to or less than 2 wi.% polymer; alternatively, equal to or less than 1.5 wt.% polymer,
alternatively, equal to or less than 1 wt.% polymer 1; alternatively, equal to or less than .75 wt.%
polymer, alternatively, equal to or less than 2 wt.% polymer; alternatively, equal to or less than 0.5 wt.%
polymer; altemnatively, equal to or less than 0.4 wit.% polymer; alternatively, equal to or less than (.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 s based upon all oligomer products
(alternatively, frimer product, tetramer product, or trimer and tetramer products) of the olefin

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

{B0189] In some embodiments, any oligomerization catalyst system described herein utilizing an aged
N-phosphiny! guanidine metal salt complex can have a combination of any increased activity described
herein and any amouné of polymer described heremn.  The oligomerization catalyst systemn described
herein utilizing an aged N -phosphinyl guanidine metal salt complex can further be described utilizing,
mdividually or in any combination, any other oligomerization catalyst system featare or oligomerization

product feature described herein.

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

function of the period of N -phosphiny! guanidine metal salt coraplex 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 N”-phosphinyl guanidine metal salt complex age can be utilized to adjust one or
more user and/or process parameters based upon the interpolation or extrapolation of the calibration curve
and/or the predictive equation. It 15 contemplated that 1o some aspects, the extent to which a, increases
with respect to ay can fall outside the instantly disclosed ranges and can be larger than would be expecied
based on the presently disclosed values depending on the conditions under which the N’-phosphinyt
ouanidine metal salt complex is aged. For example, the N -phosphinyl guanidine metal salt complex can
be subjected to aging for time periods that are 5 to 10 times longer than those presently recited or under
conditions of clevated temperature and/or reduced pressure. The effects of aging the N -phosphinyl
guanidine metal salt complex under such conditions can be subject to the herein mentioned analysis to
provide predictive information that can lead one to conditions under which aging the N’-phosphinyl
ouanidine metal salt complex can increase catalyst systerm activity using an aged N -phosphiny! guanidine
metal salt complexes outside of the recited numerical ranges. It is contemplated that given the benefits of
this disclosure and using routine expermmentation one having ordinary skill in the art can modify the
methodologies disclosed herein to alter the catalytic system activity using an aged N -phosphinyl
guanidine metal salt complexes to a desired value or range. Such modifications fall within the scope of

this disclosure.

{00191} In an embodiment, contacting of the N -phosphinyl goanidine metal salt complex {(aged or
otherwise) with a neutral ligand can be carried out using any suitable molar ratio of neutral ligand to N°-
phosphinyl guanidine metal salt. In an embodiment, the molar ratio of neutral ligand to N -phosphinyl
guanidine metal salt complex can be at least 0.2:1; alternatively, at feast 0.3:1; alternatively, at least 8.4:1;
or alternatively, at least 0.5:1. In an embodiment, the molar ratio of neutral ligand to N -phosphinyl
suanidine 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 N
phosphinyl guanidine metal salt complex can occur in a solvent counsisting essentially of the peutral
ligand; or alternatively, in a solvent comprising, or consisting essentially of, the neutral ligand and a non-

complexing solvent.

{00192]  When the N-phosphinyl guanidine metal salt complex is contacted with a solvent consisting
cssentially of the neutral ligand, the molar ratio of neutral ligand to N -phosphiny! guanidine metal salt
can be any molar ratio of neutral ligand to N -phosphinyl guanidine metal salt disclosed herein. In other
embodiments wherein the N -phosphinyl guanidine metal salt complex is contacted with a solvent
consisting essentially of the noutral ligand, the molar ratio of neutral ligand to N-phosphiny! guaniding

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; altervatively, at feast 10:1; alternatively, at

least 15:1; alternatively, 5:1; alternatively, range from 7.5:1 to 10,000:1; aiternatively, range from 16:1 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 N'-phosphinyl guanidine metal salt complex is contacted with a solvent comprising,
or consisting essentially of, the veutral ligand and a non-complexing solvesnt, the molar ratio of oeutral
tigand to N -phosphinyt guanidine metal salt can be any molar ratio of neutral ligand to N -phosphinyl
guanidine metal salt disclosed herein. In other embodiments wherein the N'-phosphinyl guanidine metal
salt complex is contacted with a solvent comprising, or consisting cssentially of, the neutral ligand and a
non-complexing solvent, the molar ratio of neutral ligand to N -phosphinyl guanidine metal salft can be
fess than or equal to 500:1; less than or equal to 300:1; less than or equal to 200:1; alternatively, less than
or equal to 100:1; abernatively range from 0.2:1 to 500:1; alternatively, range from 0.3:1 to 30(0:0;
alternatively, range from 0.4:1 to 200:1; or alternatively, from 0.5:1 to 100:1. In some cmbodiments,
whercin the N -phosphiny! guanidine metal salt complex is contacted with a solvent comprising, or
consisting essentially of, the neutral ligand and a non-complexing solvent, the volumetric ratio of neutral
figand to non-complexing solvent can range from 1:1 to 10,000:1; slternatively, rasge from 51 fo

8,000:1; alternatively, range from7.5:1 to 6,000:1; or alternatively, range from 10:1 €0 5,000:1.

{00194 In an cmbodiment, the neoutral ligand can be any neutral ligand disclosed hercin. In some
embodiments, the neutral ligand utilized to treat the N -phosphinyl guanidine metal saft complex can be
the same as the neutral ligand of the N -phosphinyl guanidine metal salt complex; or alternatively, the
neutral ligand utilized to treat the N -phosphinyl guanidine metal salt complex can be different from the
neutral ligand of the N-phosphinyl guanidine metal salt complex. In an embodiment, the non-
complexing solvent utilized in an embodiment compnising, or consisting essentially of, a neatral higand
and a pon-complexing solvent can be a hydrocarbon or a halogenated hydrocarbon; alternatively, a
hydrocarbon ot a halogenated hydrocarbon. Hydrocarbon and halogenated bydrocarbon sofvents (generat
and specific} are disclosed herein and can be utilized, without limutation, 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 N'-phosphinyl guanidine metal salt complex can be aged (whether or
pot i has been treated with a neutral ligand) utdizing any suitable methodology. In some embodiments,
the N'-phosphinyl guanidine metal salt complex can be aged {whether or not it has been treated with a
neutral ligand) at ambient temperature {13-35 °C — no applied external heat source); or alternatively, at

ambicnt termperature under an inert atmosphere.  In other embodiments, the N'-phosphinyl guanidine
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metal salt coroplex can be aged (whether or not it has been reated with a neutral ligand) with gentle
heating {c.g., at a temperature ranging from 235 °C to 50 °C); alternatively, under reduced pressure;
alternatively, at ambient temperature under reduced pressure; or alternatively, with gentle heating under

reduced pressure.

100196] In an ombodiment, the aged N -phosphiny! guanidine metal salt complex, the neutral Ligand
treated N'-phosphiny! guanidine metal salt complex, or the neutral ligand treated and aged N -phosphinyl
guanidine metal salt complex can be utilized 1n 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 N -phosphinyl guanidine metal salt
complex with a neutral ligand, and/or treating the N'-phosphiny] guanidine metal salt complex with a
neutral ligand and aging the noutral ligand treated the N -phosphiny! guanidine metal salt complex can be
utitized, without limitation, to further describe the catalyst system, the process of preparing the catalyst
system, and/or the oligomeriration {or polymerization) process.

100197} Tn an aspect, the stop(s) for preparing the N'-phosphiny! guanidine compound can be
incorporated into the preparation of the N -phosphinyl guanidine metal salt complex, process of preparing

the catalyst system, and/or an oligomerization (or polymerization) process. When the steps are combined,

approprate step dentificrs (e.g., 1}, 2y, etc . .., a), by, ete. .., or i}, 1}, ¢tc . . . ) and compovnd/solvent
wdentifiers {e.g., first, second, ot¢ . . .} can be added to indicate mdividual and/or different

steps/compounds/solvents utilized within the preparation of the guanidine compound, process of
preparing the catalyst system, and/or an oligomerization {or polyroerization) process without detracting

from the general disclosure.

1B0198] 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. o
some embodiments, the oligomerization process can comprise, a) contacting an olefin, hydrogen, and a
catalyst systemn {or catalyst system composition}; and b} forming an ohgomer prodact. In an embodiment,
the polymerization process can comprise: a} contacting an olefin and a catalyst system (or catalyst systom
compaosition); and b) forming a polymer product. In some embodirnents, 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 athized, withowt

limitation to further describe the oligomerization process or polymerization process. In an embodiment,
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the catalyst system can be prepared 1 a first solvent. In an erobodiment, the ofefin, 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 gystem compositions) can be contacted can be the same; or aliernatively, can be

different.

[00199]  In an cmbodiment, the oligomerization process can comprise: a) forming a catalyst system
mixture comprising an N-phosphinyl guanidine metal salt complex and a metal alkyl compound; b)
contacting the catalyst system muxture with an olefin; and ¢} forming an oligomer product. In an
embodiment, the polymerization process can comprise: a) forming a catalyst system puxture comprising
an N -phosphinyl guanidine metal salt complex and a metal alkyl corapound; b) contacting the catalyst
gystern ouxture with an olefin; and ¢) forming polymer product. In some embodiments, the step of
contacting the catalyst system muxture with the olefin can be a step of contacting the catalyst system
mixture with an olefin and hydrogen. In some embodiments, the catalyst system muxture can further
comprise a solvent (e.g, a first solvent). In some embodiments, the catalyst system nuxture and olefin
can be contacted in a solvent (¢.g., a second solvent wheu the catalyst system 8 prepared in a solvent). In
an embodunent, the oligomerization process can comprizse: a) forming a catalyst system muixtore
comprising, or consisting essentially of, an N'-phosphinyl geanidine metal salt complex, a metal alkyl
compound, and a first solvent; b) contacting the catalyst system mixture with an olefin and a second
solvent; and ¢) forming an oligomer product. [n an embodiment, the polymerization process can
comprise: a) forming a catalyst system mixture comprising, or consisting essentially of, an N -phosphinyt
cuanidine metal salt complex, a metal alkyl compound, and a first solvent; b) contacting the catalyst
gystermn nuxture with an olefin and a second solvent; and ¢) forming polymer product. In some
embodiments, the step of contacting the catalyst systermn mixture with the olefin and the second solvent
can be a step of contacting the catalyst systen nuxture with an olefin, a second solvent, and hydrogen.
The N -phosphinyl guanidine metal salt complex, metal alkyt 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 ohilized, without limitation to further describe
the oligomerization process or polymerization process. [n some embodiments, the first and second
solvent can bhe the same; or alternatively, the first and socond solvent can be different. In some
embodiments, the metal alkyl compound can be, comprise, or consist essentially of, an aluminoxane.
Ratios for the metal of the N -phosphinyl guanidine metal salt complex to the metal of the metal alkyl

comppound are independently provided herein (among other catalyst system and oligomerization or
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polymerization features) and can be utilized without limitation to further describe the oligomerization

process or polymerization process.

{80200} In an embodiment, the oligomerization process can comprise: a) forming a composition
comprising an N’-phosphinyl guanidine metal salt complex; b) forming a mixture comprising an olefin
and a metal alkyl compound; ¢) contacting the corposition of step a) and the suxture of step b); and d}
forming ao oligomer product. In an embodiment, the polyrerization process can conprise: a) forming a
composition comprising a the N phosphinyl guanidine metal salt complex; by forming a mixture
comprising an olefin and a metal alkyl compound; ¢) contacting the composition of step a) and the
mixture of step b); and d) forming a polymer product. In some embodiments, the mixture comprising the
olefin and the metal alkyl compound can further comprise hydrogen. in some emboduments the
composition comprising the N -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 atkyl compound,
and optionally hydrogen, can further comprise a solvent {¢.g., a second solvent). In an embodiment, the
oligomerization process can comprise: a) fornung a composition comprismg, or consisting essentially of,
an N'-phosphinyl guanidine metal salt complex and a first solvent; b) forming a mixture comprising an
olefin, a metal alkyl compound, hydrogen, and a second solvent; ¢} contacting the composition of step a)
and the mixture of step b); and d) formung an oligomer product. In an embodiment, the polymerization
process can comprise: a) forming a composition comprising, or consisting essentially of, a the N
phosphunyl guanidine metal salt cormaplex and a first solvent; b) forming a mixture comprising an olefin, a
metal alkyl compound, bydrogen, and a second solvent; ¢ contacting the conposition of step a) and the
mixture of step b); and 4) forming a polymer product. In an embodiment, the solvents used in the
composition comprising the N’ -phosphiny] guanidine metal salt complex and the mixture comprising the
olefin and the metal alkyl compound (and optionally hydrogen) can be the same; or alternatively, can be
different. The N>-phosphinyl guanidine metal salt complex, metal alkyl compound, olefin, solvents, and
features of the ohigomer product or polymer product (among other catalyst system and cligomerization or
polymerization features) are independently described herein and can be uvtilized, without imitation to
further describe the oligomerization process or polymerization process. In some embodiments, the metal
atkyl compound can be, comprise, or consist essentially of an aluminoxane. Ratios for the metal of the
N-phosphinyl guanidine metal salt complex to the metal of the metal alkyl compound are 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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{B0201]  In an embodiment, the oligomerization process can comprise: a) forming a catalyst system
mixture comprising an N -phosphinyl guanidine compound, a metal salt, and a metal alkyl compound; b)
contacting the catalyst systern mixture with an olefin; and ¢) forming an oligomer product. In an
embodiment, the polymernization process can comprise: a) forming a catalyst system muxture comprising
an N-phosphinyl guanidine compound, a metal salt, and a metal alky! compound; b) contacting the
catalyst system mixture with an olefuy and ¢} foroung a polyrer product. In some embodimends, the step
of contacting the catalyst system nuxture with the olefin can be a step of contacting the catalyst system
mixture with an olefin and hydrogen. In some embodiments, the catalyst system muxture can further
comprise a solvent (¢.g., a first solvent). In some cmbodiments, the catalyst system muxture and olefin
can be contacted m a solvent {¢.g., a second solvent when the catalyst system 15 prepared in a solvent)., In
an emboduvent, the oligomerization process capn comprise: a) forming a catalyst systemn muxture
comprising, of consisting essentially of, an N -phosphinyl guanidine compound, a metal salt, 3 metal
atkyl compound, and a first solvent; b} contacting the catalyst system mixture with an olefin and a second
solvent; and ¢) forming an oligomer product. In an embodiment, the polymerization process can
comprise: a) forming a catalyst syster mixture comprising, or consisting essentiafly of an N>-phosphiny
euanidine 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 ¢) 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 alternatively, the first and sccond 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
solventt can be the samg; or alternatively, the first and second solvent can be different. [n sone
embodiments, the metal alkylocompound 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 Lvutation to further describe
the oligomerization process or polymerization process. Ratios for the N'-phosphiny! gmanidine
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



WO 2013/184579 PCT/US2013/043902

111

polymerization process features) and can be utilized wuthout linutation o further describe the

oligomerization process or polymerization process.

{00202} In an embodiment, the oligomerization process can comprise: a) forming a composition
comprising an N -phosphinyl guanidine compound and a metal salt; b) forming a mixture comprising an
olefin and a metal alkyl compound; ¢} contacting the composition formed m step a) and the msture
formed n step b); and d) forming ao oligomer product. o ap emsbodiment, the polymerization process
can comprise: a) forming a mixture comprising an N -phosphinyi guanidine compound and a metal salt;
b) forming a mixture comprising an olefin and a metal alkyl compound; ¢) contacting the composition
formed m step a) and the mixture formed m step b); and d) forming a polymer product.  In some
embediments, the mixture comprising an olefin and a metal alkyl compound can further comprise
bydrogen. In some embodiments, the composition of step a) can further comprise a solvent {e.z., a fust
solvent). In some embodiments, the mixture of step b} can further comprise a solvent {¢.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 cssentially of, an N-phosphinyl
suanidine compound, a metal salt, and a first solvent; b) forming a nuxture comprising an olefin, a metal
atkyl compound, and a second selvent; ¢) contacting the composition formed in step a) and the mixtore
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 -phosphiny!
guanidine compound, a metal salt, and a first solvent; b) forming a mixture comprising an olefin, a metal
atkyl conpound, and a second solvent; ¢} contacting the composition formed in step a) and the mixture
formed 10 step b); and d) forming a polymer product. In some embodiments, the first and second solvent
can be the same; or alternatively, the first and second solvent can be different. The N -phosphinyl
suanidine compound, metal salt, metal altkyl compound, olefin, solvents, and featiwes of the oligomer
product or pelymer product {among other catalyst systern 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 atkyl compound can
be, comprise, oF consist cesentially of, an aluminoxane. Ratios for the N’-phosphinyl guanidine
compound to metal salt and ratios for the metal of the metal alkyl compound to metal of the metal salt are
mdepandently provided herein {among other catalyst system aod oligomerization process of
polymerization process features) and can be utilized without limitation to further describe the

oligomerization process or polymerization process.

[802031  In an embodiment, a solvent utilized with the catalyst system, a mixture comprising an N-

phosphiny! guanidine metal salt complex, a mixture comprising an N -phosphiny! guanidine metal salt
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complex and a metal alkyt compound, a composition comprising an N -phosphinyl guanidine compound
and a metal salt, or a compaosition comprising an N -phosphinyl guanidine compound, a metal salt, and a
metal atkyl 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™-phosphiny! guanidine
metal salt complex, a mixture comprising an N°-phosphinyt guanidine metal salt complex and a metal
alkyl compound, a composition comprising an N -phosphinyl guanidine compound and a metal salt, or a
composition comprising an N -phosphinyl guanidine compound, a metal salt, and a metal alkyl compound
cant be an aliphatic hydrocarbon solvent, a halogenated aliphatic hydrocarbon solvent, an aromatic
bydrocarbon solvent, a halogenated aromatic solvent, or any combination thercof] alternatively, an
aliphatic hvdrocarbon 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 hvdrocarbon solvent; or alternatively, a halogenated aromatic solvent.
General and specific bydrocarbon sclvents, 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

oligomenization process{es) or polymerization process(es) described herein.

[80204] In an embodiment, a solvent utilived 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 stilized in any mixtore including the olefin or
utihized to form the oligomer product or polymer product can be an aliphatic hydrocarbon solvent, a
halogenated aliphatic hydrocarbon solvent, an aromatic hyvdrocarbon solvent, a balogenated aromatic
solvent, or any combination thereof, alternatively, an aliphatic hydrocarbon solveni, a halogenatad
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 bydrocarbon sofvent; 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 Hmitation to further describe the oligomenization process or

polymerization process described herein,
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{B0205]  In some embodiments, the solvent utilized with the catalyst system, a puxture comprising an
N -phosphiny! guanidine metal salt complex, a mixture comprising an N -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 N’-phosphinyl guanidine compound, a metal salt, and a metal alkyl
and the solvent utilized n any mixture including the olefin or utihized to form the oligomer product or
polymer product can be the same; or alternatively cao be different. fo an ersbodiment, the solvent utilized
with the catalyst system, a mixture comprising an N -phosphinyl guanidine metal salt complex, a mixture
comprising an N -phosphiny! guanidine metal salt complex and a metal alkyl, a composition comprising
an N-phosphiny! guanidine compound and a metal salt, or a composition comprising an N -phosphinyl
suanidine compound, a metal salt, and a metal alkyl and the solvent utilized in any mxture mcluding the
olefin or wibized to form the oligomer product ot polymer product has a boiling point which allows for s

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

{B0206]  Generally, the olefin which can be oligomerized or polymerized can comprise, or consist
essentially of, a C; to Csy olefin; alternatively, a G, to €6 olefin; or alternatively, a C; to Cpp olefin. fnan
embodinent, the olefin can be ap alpba olefin; alternatively, a linear alpha olefin; or alternatively a
normal alpha olefin. In an embodiment, the olefin can comprise, or consist essentially of, ethylene,
propylene, or a combination thereof; alternatively ethylene; or alternatively, propylene. When the olefin
consists essentially of ethylene, the olipomerization process can be an cthylene ohigomerization process or

an ethylene polymerization process.

{80207) 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
sthylene, the oligomerization process can be an ethylene trimerization process; alternatively, an ethylene
tetramerization process; or alternatively, an cthylene trimerization and tetramerization process. When the
process is an ethylene trimerization process, the oligomer product can comprise hexene; or alternatively,
can comprise 1-bexene, When the process 1s an ethylene tetramerization process, the oligomer product
can comprise octene; or alternatively, can comprise I-octepe. When the process is an ethylene
trimerization and tetramerization process, the oligomer product can comprise hexene and octens; or can

comprise 1-hexene and 1-octene.

[80208] Unless otherwise specified, the terms contacted, combined, and “in the presence of” refer to
any addition saquence, order, or concentration for contacting or combining two or more componants of
the ohigomerization process. Combining or contacting of oligomerization components, according to the

various methods described herem can occur i one or more contact zones under suwtable contact
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conditions such as temperature, pressure, contact tume, flow rates, ete. . .. The contact zone can be
disposed 1n a vessel (e.g., a storage tank, tote, container, mixing vessel, reactor, etc.), a length of pipe
{e.g., a tee, 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 carried out n

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

[00209]  In an embodiroent, 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 continuouns 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
continvous stirred tank reactor (CSTR). In other embodiments, the continuous oligomerization reactor or
polymerization reactor can be employed 1o the form of different types of continuous reactors in

combination, and in various arrangements.

180218] TIn 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 tmpacted 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 parity, among other factors.

{00211}  Generally, the oligomer product or polymer product can be formed using any N -phosphinyl
guanidine compound, metal salt, or N -phosphiny! guanidine metal salt complex concentration that can
form the desired oligomer product or polymer product (alternatively, oligomer or polymer). In an
embodiment, the concontration of the N -phosphinyl guanidine compound, metal salt, or N -phosphinyl
guanidine metal salt complex can be at least 1 x 107 equivalents/liter; alternatively, at feast 1x 107
equivalents/liter; or alternatively, at least Sx 107 equivalentsfiter. In other embodiments, the
concentration of the N'-phosphinyl guanidine metal salt complex can range from 1 x 10°° equivalents/liter
to 1 equivalents/liter; alternatively, range from 1 x 107 equivalents/liter to 5 x 107 equivalents/liter; or

. P . oy . e
alternatively, range from § x 107 equivalents/lter to | x 107 equivalents/hiter.

{80212] Generally, the oligomer product or polymer product can be formed at any pressure that can
facilitate the oligomerization or polymerization of the olefin. In an embodiment, the pressure at which the
oligomer product or polymer product 1s 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 polyroer product can be formed at pressure can be greater than or equal to O 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); alternatively, 50 psig (344 KPa) to 4,000 psig (27.6 MPa); alternatively, 100 psig (689
KPa) to 3,600 psig (20.9 MPa); or alternatively, 150 psig (1.0 MPa) to 2,000 psig (13.8 MPa). In
embodiments wherein the monomer is a gas (¢.g., ethylene), the oligomer product or polymer product can
be formed under a monomer gas pressure.  When the oligomerization or polymerization produces an
cthylene ohigomer product or polyethyvlene, the pressure can be the cthylene pressure. In some
embodiments, the ethylene pressure can be greater than or equal to 0 psig (0 KPa); alternatively, greater
than or equal to 56 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 trom O psig (0 KPa) to 5,000 psig (34.5 MPa); alternatively, 50 psig (344 KPa) to 4,000 psig
(27.6 MFa}; alternatively, 100 psig (689 KPaj to 3,000 psig (20.9 MPa); or alternatively, 150 psig (1.0
MPa) to 2,000 psig (13.2 MPa). in some cases when cthylene is the monorer, inert gases (and/ot other
zases; ¢.g., hvdrogen} can form a portion of the total pressure. In the cases where et gases (and/or
other gases; ¢.g., hydrogen) form: a portion of the pressure, the previously stated ethylene pressures can be
the applicable sthyviene partial pressures at which the oligomer product or the polymer product can be
formed. In the situation where the monomer provides all or a portion of the oligomerization pressure or
polymerization pressure, the reaction systen pressure can decrease as the gaseous mosomer s consumed.
In this sitoation, additional gaseous monomer and/or inert gas can be added to maintain a desired
pressure.  In some embodiments, additional gascons monomer can be added at a set rate {e.g., for a
continuous flow reactor), or at different vates (¢.g., to maintam a pressure in a batch reactor). In other
embodiments, the oligomerization pressure or polymerization pressure can be allowed to decrease without

adding any additional gasecus monomer and/or meatt gas.

{80213} 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); altematively, greater than or equal to 5 psig (34 kPa); alternatively, greater than or
equal to 10 psig (6% kPa); or alternatively, greater than or equal to 15 psig (100 kPa). In other
embodiments, the hydrogen partial pressure can range from | 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 afternatively, 15 psig (100 kPa) to 200 psig (1.4 MPa).
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[80214]  In an embodiment, a condition to form an oligomer product or polymer product can include a
tomperature 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 formed can be at least 0 °C; alternatively, at least 10 °C; alternatively, at least 20 °C;
afteroatively, at least 3G °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 temperatare at which the
oligomer product or polymer product is formed can be 200 °C; alternatively, 180 °C; alternatively, 160
°C; alternatively, 140 °C; aliernatively, 120 °C; alternatively, 100 °C; alternatively, 90 °C; or
alteroatively, 80 °C.  In some ecwmbodiments, the oligomerization femperature (ot polymerization
temperature) at which the oligomer product or polymer product is formed can range from any punimum
temperature described herein to any maximum temperature described herein. In a non-limiting exampie,
the oligomerization temperature (or polymerization temperature) at which the oligomer product or
polymer product is formed can range from 0 °C to 200 °C; aliernatively, range from 10 °C to 160 °C;
alternatively, range from 20 °C to 140 °C; alternatively, range from 30 °C to 120 °C; alternatively, range
from 40°C to 100 °C; slternatively, range from 50 °C to 100 °C; or alternatively, ranges from 60 °C to
144 °C. Other temperature ranges at which the oligomer product or polymer product can be formed are

veadily apparent from the present disclosure.

[B0215]  In an embodiment, a condition to form an oligomer product or polymer product can include a
time at which the oligomer product or polymer product can be formed. Generally, the time at which the
oligomer prodact or polymer product 15 formed can be any time that can produce the desired gquantity of
oligomer product or polymer product; or alternatively, provide a desired catalyst system productivity; or
alternatively, provide a destred cooversion of mosomer. In some embodiments, the time at which the
oligomer product or polymer product is formed can range from 1 namute to 5 hours; alternatively, ranges
from 5 minutes to 2.5 hours; alternatively, ranges from 10 mumtes to 2 howrs; or alternatively, ranges
from 15 munutes to 1.5 hoors. 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 cmbodiment, the oligomerization process can produce an oligomer product comprising
an olefin trimer, an olefin tetramer, or mxbires thereof. In some embodiments, the oligomer product can

comprise a hquid (under standard atmospheric conditions) product.  In some embodiments, when the
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olefin 1s ethylene the oligomerization 1s an cthylene cligomerization 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 cthyviene
trimer {e.g., hexene; or alternatively, 1-hexene), an cthylence tetramer {e.g., octene; or alternatively, 1-
octene), or a combination thereof; alternatively, hexene; alternatively, octene; alternatively, 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
i-hexene and l-octene. In an embodiment, when the olefin i ethylene and the oligomerization process
produces an alpha olefin (e.g., I-hexene, 1-ociene, or a combination thereof) the olefin oligomerization

process can be an alpha olefin production process.

[B0217]  In an cobodiment, the ethylene oligomerization process can produce an oligomer product
comprising a liquid oligomer product comprising at least 60 wt. % C; and Oy olefins. In some
embodiments, the olefin product comprises a higuid oligomer product comprising at least 70 wt. % Cq and
Cy olefins; alternatively, at least 75 wt. % s and Cy olefing; alternatively, at least 80 wt. % Cg and G
olefins; alternatively, at least 85 wt. % C; and Cq olefing; or alternatively, at least 90 wt. % Cg and Cg
olefins. In other embodiments, the ethylene oligomerization process can produce an liguid oligomer
product comprising a liquid product having from 60 to 99.9 wt. % of Cs and Cy olefins; alternatively,
from 70 to 99.8 wt. % Cs and Cy oleting; altematively, from 75 to 99.7 wt. % Cs and (g olefins; or
alternatively, from 80 to 99.6 wt. % Cy and Cy olefins. Throughout this application, & liquid oligomer

product refers to the oligomer product having from 4 to 14 carbon atoms.

{80218} In an embodiment, the (g oligomer product produced by the ethylene oligomerization process
can comprise at least 85 wit. 9% I-hexene. In some embodiments, the Cg ohigomer product produced by the
ethylene oligomerization process can comprise at least 87.5 wt. % I-hexene; aliernatively, at least 90 wit
% l-hexene; alternatively, at least 92.5 wt. % 1-hexene; alternatively, at feast 95 wi. percent 1-hexeng;
alternatively, at least 97 weight percent §-hexene; or alternatively at least 98 weight percent 1-hexene. In
other embodiments, the €y oligomer product produced by the cthylene 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 wit % 1-hexene; altematively, from 92,5 0 99.9 wi % 1-hexene; alternatively, from 95 to
99.9 wt. % 1-hexene; alternatively, from 97 to 99.9 wt. % 1-hexene; or alternatively, from 98 o 99.9 wt,

% 1-hexene.

[B0219]  In an embodiment, the C; oligomer product produced by the ethylene cligomerivation process

can comprise at least 8BS wt. % 1-octene. In some embodiments, the Cy oligomer product produced by the
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ethylene oligomerization process can comprise at least 87.5 wt. % L-octene; alternatively, at least 90 wt %
1-octene; alternatively, at least 92.5 wt. % l-octene; altematively, 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 prodact produced by the ethvlene oligomerization process can
compprise from 85 to 99.9 wit % 1-octene; alternatively, from 87.5 to 99.9 wt % 1l-octene; alternatively,
from 920 to 99.9 wt % 1-octene; alternatively, from 92.5 t0 99.9 wit % 1-octene; alternatively, from 95 to
99.9 wt. % l-octene; altematively, from 97 to 99.9 wt. % 1-octene; or alternatively, from 98 0 99.9 wt. %

1-octene.

180228] In some aspects and/or embodiments, aging the catalyst system {(or catalyst System
compaosition) before contacting the catalyst systera (ot catalyst system compostion} with the olefin fo be
oligomerized and/or polymerized can mmprove aspects of the oligomerization process and/or
polymerization process; or altematively, 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 ohigomerization process. In some oligomerization process aspects and/or embodiments,
aging the catalyst system can increase the prodoctivity of the catalyst system; alternatively, can decrease
the amount of polvmer produced in an cligomerization process; or alternatively, can increase the
productivity of the catalyst system and decrease the amount of polymer produced in the oligomerization.
I vegards to aging the catalyst systera {or catalyst systen 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
compaosition) can contain less than 500 ppm, by weight, olefin; alternatively, 250 ppm, by weight, olefing
afteroatively, 100 ppo, by weight, olefuy; alternatively, 75 ppoy, by weight, clefin; alternatively, 50 ppm,
by weight, olefin; alternatively, 25 ppm, by weight, olefin; alternatively, 15 ppoy by weight, olefuy
alternatively, 10 ppm, by weight, olefin; alternatively, 5 ppm, by weight, olefin; altematively, 2.5 ppm, by

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

[B0221]  The catalyst systern aging impacts can be uviilized 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 ohigomer product (or polymer product) per vanit
of catalyst system. Additionally, 1 oligomerization processes, the decrease in polymer produced i 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 cap

cause fouling,

{60222} In any aspect or embodiment wherein an N”-phosphinyl guanidine compound, a metal salt,
and a metal alkyl are contacted prior to contacting the olefin, the mixture comprising the N™-phosphinyt
guanidine compound, the metal salt, and the metal aliyl can be allowed to age for a period of time prior to
contacting the mixture comprising the N -phosphinyl guanidine compound, a metal salt, and a metal alkyl
with an olefin {or a mixture comprising the olefin); or altematively, catalyst system comprising the N
phosphinyl goanidine compound, the metal salt, and the metal alkyl can be allowed to age for a period of
timne 1n the substantial absence of {or in the absence of) an olefin {or a muxture comprising the olefin), In
some embodiments, a mixture comprising an N-phosphinyt guanidine compound, a metal salt, and a

metal alkyl can further coraprise a solvent.

{60223} In any aspect or embodiment wherein an N'-phosphinyl guanidine metal salt complex and a
metal alkyl are contacted prior to contacting the olefin, the mixture comprising the N -phosphinyl
suanidine metal salt complex and the metal alkyl can be allowed to age for a pertod of time prior to
contacting the mixture comprising the N’ -phosphinyl suanidine metal salt complex and the metal alkyl
with an olefin (or a mixture comprising the olefin} or alternatively, catalyst system comprising the N
phosphinyl guanidine metal salt complex and the metal allyl can be aliowed to age for a period of time 1n
the substantial absence of {or mn the absence of) an olefin {or a mixture comprising the olefing. In some
embodiments, a mixture comprising an N -phosphiny! 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 g
catalyst system; b) allowing the catalyst system to age for a period of time; ¢) contacting the aged catalyst
system with an olefiny and d) forming an oligomer product.  In some non-limiting embodiments, the
oligomerization process ¢an comprise, a) preparing a catalyst systern; by allowing the catalyst system to
age for a period of time; ¢} contacting the aged catalyst system with an olefin and hydrogen; and d)
forming an cligomer product. The catalyst system, olefin, and other features of the oligomer product are
independently described herein and can be utilized, without limutation, to further describe the olefin
oligomerization process. In some embodiments, the catalyst system can be prepared in a first solvent. In
an embodiment, the olefin, aged catalyst sysiers, and optionally bydrogen, 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 agmg the catalyst system, features of the oligomer product, and features of the
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tmpacts of aging the catalysts system, among other features, are independently described hersin and can
be vtilized, without Hmitation to further describe the oligomenzation process. In some embodiments, the

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

1802258]  In a non-linuting embodiment, the oligomerization process can comprise: a) forming a catalyst
systent mixture comprising an N-phosphiny! guanidine metal salt complex and metal atkyl compound; b)
aging the catalyst system mixture; ¢) contacting the aged catalyst systern mixture with an olefin; and ¢
forming an oligomer product. In another noon-limiting embodiment, the oligomerization process can
comprise: a) forming a catalyst system mixture comprising an N -phosphinyl guanidine compound, a
metal salt, and a metal alkyl compound; b} aging the catalyst system mixture; ¢) contacting the aged
catalyst system nuxture with an olefin; and ¢) forming an oligomer product. In some embodimeunts, the
catalyst system muxture can further comprise a solvent (e.g., a first solvent). In sore embodiments, the
catalyst system mixture and the olefin can be contacted in a solvent (e.g., & second solvent). In yat
another non-limiting embodiment, the oligomenzation process can comprise: a) formung a catalyst system
mixture comprising (or consisting essentially of) an N™-phosphiny! guanidinge metal salt complex, a metal
atkyl compound, and a first solvent; b} aging the catalyst system nmuxture; ¢) contacting the aged catalyst
system mixture with an olefin and a second solvent; and ¢) forming an oligomer product. In a further
non-limiting embodiment, the oligomernization process can comprise: ay forming a catalyst system mixture
comprising (or consisting essentially of) an N -phosphinyl guanidine compound, a metal salt, a metal
atkyl, and a first solvent; b) aging the catalyst system mixture; ¢} contacting the aged catalyst system

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

100226] In some embodiments, the step of contacting the aged catalyst system mixture with the olefin
{and optionally a solvent — ¢.g., second solvent) can be a step of contacting the aged catalyst system
mixture with an olefin and hydrogen. The N -phosphinyl guanidine compound, metal salt, the metal salt
N -phosphiny! guanidine metal salt complex, the metal atkyt compound, the olefin, solvents, features of
aging the catalyst system, features of the oligomer product, and features of the unpacts of aging the
catalysts system, among other features, are independently described herein and can be utilized, without
fimitation o further describe the ohgomerization process. In some embodiments, the first and second
solvent can be the same; or alternatively, the first and sccond solvent can be different. In some
embediments, the metal alkyl compound can be, comyprise, or consist essentially of, an aluminoxage.
Ratios for the N -phosphinyl guanidine compound to metal salt and ratios for the metal of the metal alkyl
compound to metal of the metal salt or the metal of the N'-phosphiny! guanidine metal salt complex,
among other features, are mdependently described herein and can be utilized without limitation to further

describe the oligomerization process.
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802271 In an embodiment, the catalyst system can be aged for up 14 days; alternatively, up to 10 days;
alternatively, up to 8 days; altemnatively, up o 6 days; alternatively, up to 4 days; alternatively, up to 3
days; alternatively, up to 48 howrs; alternatively, up to 36 howrs; alicrnatively, up to 24 hours;
alternatively, up to 18 hours; alternatively, up to 10 howurs; alternatively, up to 8 hours; alternatively, ap to
6 hours; alternatively, up to 4 hours; or alternatively, up to 3 hours. In an embodiment, the catalyst
systern can be aged for at least 15 mioutes; altersatively, at feast 20 vunutes; or alteroatively, 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 mumites to 14 days;
alternatively, from 15 minutes to 10 days; alternatively, from 15 minutes to 8 days; alternatively, from 15
minuies to 6 days; afternatively, from 20 minutes to 4 days; alterpatively, from 20 minutes to 3 days;
alternatrvely, from 30 muinutes to 48 hours; alterpatively, from 30 minutes to 36 hours; alternatively, from
30 munates to 24 howrs; alternatively, from 30 minutes to 18 hours; alternatively, from 3¢ sumites to 10
hours ; alternatively, from 30 mumutes to 8 hours; alternatively, from 30 nunutes to 6 hours; altematively,
from 30 vunutes to 4 hours; or alterpatively, from 30 nunutes to 3 hours. Other catalyst system agiog

timae ranges are readily apparent for the present disclosure.

{00228] In an cmbodiment, any catalyst syster described herein can be aged at ambient tcrperatare
{15 °C - 35 °C — no external heat source). In other embodiments, any catalyst system described herein
can be aged at a terpperature from 25 °C to 100 °C; alternatively, from 30 °C to 80 °C; or alternatively,
from 35 °C 10 60 °C. In some embodiments, any catalyst system described herein can be aged under an
inert atmosphere. Generally, one will recognire that the temperature at which the catalyst system s aged
can have an impact upon the time necessary to achieve an increase in catalyst system activity and/or
recuction i 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 systera aging

temperature desceibed herein.

{00229]  The catalytic activity {oligomerization or polymerization) of any catalyst system described
herein comprising 1) any N -phosphinyl guanidine metal salt complex or i} any N-phosphinyl guanidine
compound descrbed herein and any metal salt described herein can be defined as the grams of prodact
{oligomer product or polymer product) produced per gram of metal of the metal salt in the N -phosphiny}
guanidine metal salt complex {or metal of the metal salt) utdized and is measured over 30 punutes
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 systern by at least 10 %; alteroatively, at least 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.

180238] Tn an cmbodiment, any aged catalyst system described herein (using any aging time peried
described berein and/or any aging temperature described hereiny can provide a catalyst systern which can
produce a reduction in the percentage of polymer produced described herein.  In some embodiments,
aging of any catalyst system described herein can reduce (using any aging time period described herein
and/or any aging temperature described herein) the amount of polymer produced m an oligomerization
process by at least 5 %; alternatively, 7.5 %; alternatively, 10 %; alternatively, 12.5 %; or alternatively, at
least 15 %. In some cmbodiments, aging of any catalyst system described hergin (for any time period
described herein} can reduce the amount of polymer produced in an oligomerization by at least 20 %;
alternatively at least 25 %; aliernatively, at least 30 9%; or alternatively, at feast 35 %. Gengerally, 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.

{60231 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,

180232} 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 of
more catalyst system aging vanables (e.g., fime, temperature, or time and temperature). In some
embodiments the calibration curve can be depicted graphically as a function of a catalyst system aging
vartable(s) (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) (c.g., time, tcmperature, of time
and temperature). The graphical representation and/or predictive equation relating catalyst system

activity and/or polymer production in response catalyst aging can be utthized to adjust one or more user
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and/or process parameters based upon the interpolation or extrapolation of the graphical represcutation or
predictive equation. It is contemplated that in some aspects, the extent to which the catalyst system
activity increases and/or the extent to which there 15 a decrease m polymer production with respect to
catalyst system aging can fall cutside the mstantly disclosed ranges and can be larger than would be
expected based on the presently disclosed values depending on conditions under which the catalyst
systemt 18 aged. For example, the catalyst systern can be subjected to aging for time periods that are
longer than those presently recited and/or at temperatures greater than those presently recited. The effects
of aging the catalyst system under such conditions can be subject to the herein mentioned analysis o
provide predictive mformation 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 vahues, It is contemplated that given the benefits of this
disclosure and using routine experimentation one having ordinary skill in the art can modity the
methodologies disciosed 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.

100233] It has also been discovered that when the metal alkyl is an alumoxane, aging the alumoxane
can improve aspects of the ohigomerization. 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. n some embodiments, any process for preparing the catalyst
systent described herein and/or any oligomerization process described herein can include a step (or steps)

for aging an alumoxane.

{60234] 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 erabodiments, the alumoxane can be aged for up to 1,440 davs; 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
- n¢ external heat source) from 6( days to 1,440 days; from 120 days to 1080 days; from 180 to 800 days;
or from 240 days to 720 days. (Cther, alumoxane aging times at ambient temperatare are readily apparent
form the present disclosure. In some embodunents, the alumoxane can be aged under an inert

atmosphere.
180235] The aging of the slumoxane can be performed at elevated temperature. 1t has been discoverad
that the aging of the alumoxane at elevated temperatore can reduce the time need to achieve the benefits

observed when the aged alumoxane s utilized in a catalyst system. In an embodiment, the alumoxane can
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be aged at a temperature from 30 °C 1o 100 °C; from 35 °C to 96 °C; from 40 °C 1o R8O °C; or 45 °C to 70
°C. In an embediment, the alumoxane can be aged at any elevated temperature disclosed herein for at
feast 12 hours; at least 18 howurs; at least 24 hours; or at least 36 hours. In an embodiment, the slumoxane
can be aged at any clevated temperature disclosed heremn for up fo 360 days; up to 270 days; up tol80
days; or up to 90 days. In some embodiments, the alumoxane can be aged at any elevated temperature
disclosed herein for a time ranging from any mistrourn alumoxase aging time disclosed berein to any
maxieum alumoxane aging time disclosed herein. In a nop-limiting example the alumoxane can be aged
at any elevated temperature disclosed herein for a fime ranging from 12 howrs to 360 days; alternatively,
from 12 hours to 270 days; alternatively, from 18 howrs to 270 days; or alternatively, from 18 hours to
180 days. Other alumoxane aging times at clevated temperatures are readily apparent from the present

disclosure. In some embodiments, the alumoxanea can be aged uander an inert atmosphere.

100236} 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 teast 40 %; at least 60 %; at feast 70 % at least 75 %; at

least 80 %; or at feast 85 %.

{80237] In an cmbodiment, 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., tuve, tormperature, or time and temperature). Jo sone
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 femperature); alternatively, the
cahibration carve can be depicted az a predictive equation of an alumoxane aging variable(s) (o.g., time,
temperature, or time and teroperature). The graphucal representation and/or predictive equation relating
catalyst systern pelymer production in response to alumoxane agiog can be utilized to adjust one or more
user and/or process parameters based upon the interpolation or extrapolation of the graphical
representation or predictive equation. It 1s contemplated that in some aspects, the extent to which the
polymer production of the catalyst system decreases with respect to alumoxane aging can fall cutside the
mstantly disclosed ranges and can be larger than would be expected based on the presently disclosed
values depending on the conditions under which alumoxane s aged. For example, the catalyst system can
be subjected o aging for tume periods that are longer than those presently recited and/or at temperatures
greater than those presently recited. The effacts 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

afumoxane 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 besefits of this disclosure and using routine experumentation 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.

180238] Various aspects and embodiments desoribed herein refer to non-hydrogen substituents {or
afteroatively, substituent or substitucot group). FHach non-hvdrogen substituent can be a halide, a
hydrocarbyl group, or a hydrocarboxy group; alternatively, a halide or a hydrocarbyyl group; alternatively,
a halide or a hydrocarboxy group; alternatively, a hydrocarbyl grosp or a hydrocarboxy group;
afternatively, 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, a C, to Cyp hydrocarbyl group, or a C to Cy, hydrocarboxy group; altematively, a halide ora € to
Cyo hydrocarbyl group; slternatively, a halide or a ) to Cy hydrocarboxy group; alternatively, a C to Cyp
hydrocarbyl group or a Cy to Cyo hydrocarboxy group; alternatively, a halide; alternatively, a C; to Cyg
bydrocarbyl group; or alternatively, a C, to Oy, hydrocarboxy group. In other embodiments, each non-
hydrogen substituent of any aspect or ersbodiment calling for a substituent independently can be a halide,
a C; to Cs hydrocarbyl group, or a C, to s hydrocarboxy group; alternatively, a halide or a €, to Cs
hydrocarbyl groop; alternatively, a halide or a Cy to Cs hydrocarboxy group; alternatively, a C) to Cs
hydrocarbyl group or a Cy to Cs hydrocarboxy group; alternatively, a halide; alternatively, a € to Cs

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

[0023%]  In an cmwboduuent, cach halide substituent of any aspect or embodiroent calling for a
substituent independently can be a fluoride, chioride, bromide, or iodide; altematively, a fluoride or
chioride. In some embodiments, each halide substituent of any aspect or embodiment calling for a
substitoent independently can be a fluonide; alternatively, a chloride; alternatively, a bromude; or

alternatively, an todide.

{00240} In an embodiment, cach hydrocarbyl substituent of any aspect or embodiment calling for a
substituent independently can be an atkyl group, an aryi group, or an aralkyl group; alternatively, an alkyl
group; altersatively, an aryl group; or altersatively, an araliyl group. 1o an embodiment, each alkyl
substituent of any aspect or embodiment calling for a substituent independently can be a methvl group, an
ethyl group, an o-propyl group, an isopropyl group, an n-butyl group, a sec-butyl group, an isobutyl
group, a tert-butyl group, an n-peniyi group, a 2-pentyl group, a 3-pentyl group, a Z-methyl-1-bueyl group,
a tert-pentyl group, a 3-methyl-1-butyl group, a 3-methyvl-Z-botyl group, or a neo-pentyl group;

afternatively, a methyl group, an ethyl group, an isopropyl group, a tert-butyl group, or a neo-pentyl
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group; alternatively, a methyl group; aslternatively, an ethyl group; alternatively, ao isopropyl group;
alternatively, a tert-butyl group; or alterpatively, a neo-pentyl group. In an embodiument, each aryl
substituent of any aspect or embodiment calling for a substituent independently can be phenyvl 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 altematively, a 2.4,6-trimethylphenyl group. In an
embodiment, cach aralkyl substituent of any aspect or embodiment calling for a substituent independently
can be benzyl group or an ethylphenyl group (2-phenyieth-1-vl or I-phenyleth-1-vl}; alternatively, a
benzyl group; alternatively, an ethylphenyl group; alternatively a 2-phenyleth-1-vl group; or alternatively,

a 1-phenyleth-1-yi group.

[80241]  In an embodiment, cach hydrocarboxy substituient of any aspect or embodiment calling for a
substitucot independently can be an alkoxy group, an arvioxy group, or an aralkoxy group; altematively,
an atkoxy group; alternatively, an arvioxy group, or an aralkoxy group. In an embodiment, cach alkoxy
substituent of any aspect or embodiment calling for a substituent can be a methoxy growp, an ethoxy
group, an N-propoxy group, an 1ISOpropoxy group, an n-butoXy group, a sec-butoxy group, an isobutoxy
group, a tert-butoxy group, an n-pentoxy group, a 2-penioxy group, a 3-pentoxy group, a 2-methyl-1-
butoxy group, a tert-pentoxy group, a 3-methyl-1-butoxy group, a 3-methyl-2-butoxy group, or a neo-
pentoxy group; alternatively, a methoxy group, an ethoxy group, an isopropoxy group, a tert-butoxy
group, Or a nec-pentoxy group; alternatively, a methoxy group; alternatively, an ethoxy group;
afternatively, an isopropoxy group; aliematively, a tert-butoxy group; or alternatively, a neo-pentoxy
group. In an embodiment, each arvioxy 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-irimethylphenoxy 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 cmbodiment, non-hydrogen substituents {or alternatively, substituent or substitucnt
group) which can be uiihized 1 varions aspects or embodiments can be a trihydrocarbylsilyl group.
Generally, each hydrocarbyl group of the trihydrocarbyisilyl group independently can be any hydrocarbyl
group {general or specific) which has be disclosed herein as a non-hydrogen substituent. In some
embodiments, the tribydrocarbylsilyl group which can be utilized as a substituent can be a trimethylsilyl
eroup, a tricthylsdyl group, a tripropylsilyl group, a triphenyisilyl group, or a iribenzylsilyl group;
alternatively, a tnimethyisilyl group, a inethylsilyl group, or a tripropylsiiyl group; alternatively, a
trimethylsiiyl groop; alternatively, a triethyisilyl group; alternatively, a tnpropylsilyl group; altematively,

a triphenylsiivl group; or alterpatively, a tribenzylsityl group.
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[80243] In an embodiment, non-hydrogen substituents {or alternatively, substituent or substitaent
group) which can be utilized in various aspects or embodiments can be a trihwdrocarbyisilexy group.
Generally, each hydrocarbyl group of the tnhydrocarbylsiloxy group independently can be any
hydrocarbyl group (general or specific} which has be disclosed herein as a non-hydrogen sobstityent. In
some embodiments, the trihydrocarbylsiloxy group which can be utilized as a substituent can be a
trimethylsiloxy group, a triethylsdoxy group, a tripropylsiloxy group, a friphenylsiloxy group, or a
tribenzylsiloxy group; alternatively, a trimethylsiloxy group, a tnethylsiloxy group, or a tripropylsifoxy
group; alternatively, a trimethylsiloxy group; alternatively, a tricthyisiloxy group; alternatively, a

tripropylsiloxy group; alternatively, a triphenylsiloxy group; or alternatively, a tribenzylstloxy group.

Solvents

[80244] 'The processes and methods described herein can utilize one or more solvents. Solvents which
can be utilized in aspects and/or embodiments of the present disclosure inchude without limitation
hydrocarbons, halogenated hydrocarbons, ethers, carbonates, esters, ketones, aldehydes, alcchols, mitriles,
and combinations thereof. Some aspects and/or embodirnents and aspects of this disclosare can call for a
polar solvent. Polar solvents which can be utilized include without himitation ethers, carbonates, csters,
ketones, aldehydes, alcobols, nitriles, and muixtures thercof; alternatively, cthers, carbonates, csters,
ketones, aldchydes, alcohols, mitnles, and mixtures thereof: alternatively, ethers, esters, ketones, alcohols,
nitriles, and mixtures thercof; alternatively, cthers; alternatively, carbonates; alternatively, esters;
alternatively, ketongs; alternatively, aldehydes; altomatively, alcohols; or altermnatively, mitriles. Some
aspects and/or embodiments of this disclosure can call for an aprotic polar solvent. Aprotic polar solvents
which can be utilized include without himitation cthers, osters, ketones, aldchydes, nitriles, and mixtures
thercof, alternatively, cthers, mitnles and mixtures thercof, alternatively, csters, ketones, aldehydes and
mixtures thereof, alternatively, ecthers; alternatively, csters; alternatively, ketones; alternatively,
aldebydes; or alterpatively, mutriles.  Other aspects and/or embodimsents of the disclosure can call for a
non-polar solvent.  Non-polar solvents iachide without humitation hydrocarbons, halogenated
hydrocarbons, or wmuxtures thercof, alternatively, a hydrocarbon; or aliernatively, a halogenated
hydrocarbon. Yet other aspects and/or embodunents 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 nclude
without limitation cthers, hydrocarbons, and muxtures thercof] alternatively, cthers; or alternatively,

bydrocarbons.

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

aromatic hydrocarbons, petroleum distillates, halogenated aliphatic hydrocarbons, halogenated aromatic
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halogenated aliphatic hydrocarbons, halogenated aromatic hydrocarbons, and combinations thereof]
alternatively, abiphatic hydrocarbons; alternatively, aromatic hydrocarbons; alternatively, halogenated
aliphatic hydrocarbons; or alternatively, halogenated aromatic hydrocarbons..  Aliphatic hydrocarbons
which can be useful as a solvent inchude C; to Ty aliphatic hydrocarbons; alternatively C, to Cys aliphatic
hydrocarbons; or alternatively, Cs to Cyg aliphatic hydrocarbons. The aliphatic hydrocarbons can be
cyclic or acyclic and/or can be linear or branched, unless otherwise specified. Non-hmiting examples of
suttable acyclic aliphatic hydrocarbon solvents that can be utibized singly or in any combination include
propane, iso-butane, n-butane, butane (n-butane or a mixture of linear and branched C, acvchic aliphatic
bydrocarbons), pentane {(n-pentane or a muxture of bnear and branched Cs acyclic aliphatic
hydrocarbons), hexane (n-hexane or mixture of linear and branched Cg acychic 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 Cy acyclic aliphatic hydrocarbons), and combinations thereof;
alternatively, iso-butane, n-butane, butane (n-butane or a mixture of linear and branched €4 acvelic
afiphatic hydrocarbons), peatane (n-pentanse or a vuxture of linear and branched Cs acyclic aliphatic
hydrocarbons), hexane (n-hexane or mixture of linear and branched Cg acychic sliphatic hvdrocarbong),
heptane (n-heptane or mixture of hinear and branched C; acyclic aliphatic hydrocarbons), octane (n-octane
or a mixture of linear and branched Cy acyclic aliphatic hydrocarbons), and combinations thereof;
alternatively, iso-butane, n-butane, butane (n-butane or a mixture of linear and branched €4 acvelic
afiphatic hydrocarbons), peotane (n-pentanse or a vuxture of linear and branched (s acyclic aliphatic
hydrocarbons), heptane {(n-heptane or mixture of hinear and branched €, acyclic aliphatic hydrocarbons),
octane (n-octane or a mixture of linear and branched €. acyclic aliphatic hydrocarbons), and
combinations  thereof, alternatively, propane; altersatively, iso-butane; alternatively, n-butane;
alternatively, butane (n-butane or 2 nmuxture of linear and branched C, acyclic aliphatic hydrocarbons);
afteroatively, pestane (n-pentane or a mixture of linear and branched Cs acyclic aliphatic hydrocarbouns) ;
alternatively, hexane (n-hexane or mixture of hnear and branched C¢ acyclic aliphatic hydrocarbons);
alternatively, heptane (n-heptane or muxtyre of hinear and branched C; acyclic aliphatic hydrocarbons); or
alternatively, octane (n-octane or a mixture of bnear and branched Cy acyelic aliphatic hydrocarbons).
Non-miting examples of suitable cyclic aliphatic bydrocarbon solvents inchude cyclohexane, methyl
cyclohexane; alternatively cyclohexane; or alternatively, methyleyclohexane. Aromatic hydrocarbons
which can be usefil as a solvent wmclude Cg to Oy aromatic hydrocarbons; or alternatively, Cs to Cu
aromatic hydrocarbons. Noo-limuting examples of suitable aromatic hydrocarbons that can be utilized

singly or 1o any combmation include benrene, foluene, xvlene (including ortho-xylene, meta-xylene,
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para-xylene, or mixtures thereof), and cthylbenzene, or combinations thercof, alternatively, benzene;
alternatively, toluene; alternatively, xylene {including ortho-xylene, meta-xylene, para-xylene or mixtures

thereot); or alternatively, ethylbenrene.

{80246] Halogenated aliphatic hydrocarbons which can be useful as a solvent inchude € to Cys
halogenated aliphatic hydrocarbouns; alternatively, € to Cy¢ halogenated alipbatic hydrocarbouns; or
alternatively, C| to (s halogenated aliphatic hydrocarbons. The halogenated aliphatic hydrocarbons can
be cyclic or acyclic and/or can be linear or branched, unless otherwise specified. Nop-limiting examples
of suitable halogenated aliphatic hydrocarbons which can be wtihzed include methylene chionde,
chioroform, carbon tetrachloride, dichlorocthane, trichloroethane, and combinations thereof; altematively,
methvlene chloride, chloroform, dichlorocthanc, trichlorocthane, and combinations thereof; alternatively,
methylene chlonde; alternatively, chloroformy  altematively, carbon  tetrachloride;  alternatively,
dichlorocthane; or alternatively, trichlorocthane. Halogenated aromatic hydrocarbons which can be
pseful as a solvent include Cy to Cyo halogenated aromatic hydrocarbons; or alternatively, s to Cig
halogenated aromatic hydrocarbons.  Non-limiting exarmples of suitable halogenated aromatic
hydrocarbons  include chlorobenzene, dichlorobenzene, and combinations thercof) alternatively

chiorobenzene and dichlorobenzene.

{80247} Fthers, carbonates, esters, ketones, aldehydes, or alcohols which can be useful as a solvent
mclude C; to Oy cthers, carbonates, esters, ketones, aldehydes, or alcohols; alternatively, Cs to Cig cthers,
carbonates, esters, ketones, aldchvdes, or alcohols; or alternatively, C, to Cs cthers, carbonates, esters,
ketones, aldehydes, or alcohols. Suitable ether solvents can be cyclic or acyelic. Nou-limiting exampies
of suitable ethers which can be usefid as a solvent inciude dimethyl ether, diethyl cther, methyl ethyi
cther, monoethers or diethers of glycols (e.g., dimethyl glycol ether), furans, sobstitted furans,
dihydrofuran, substituted dihydrofurans, tetrahydrofuran (THF), substituted tetrahydrofurans,
tetrahyydropyrans, substituted tetrahydropyrans, 1,3-dioxanes, substituted 1,3-dioxaoes, 14-dioxanes,
substituted 1,4-dioxancs, or mixtures thercof. In an embodiment, cach substituent of a substituted furan,
substituted dihydrofiran, substituted tetrahydrofuran, substituted tetrahydropyran, substituted 1,3-
dioxane, or substituted 1,4-dioxane, can be a C; to Cs alkyl group. ) to Cs alkyl substituent groups are
disclosed herein and can be utilized without htation of further describe the substituted tetrahvdrofuran,
dihydrofuran, furan, 1,3-dioxane, or 1,4 dioxane solvents, Non-limiting examples of suitable carbounates
which can be utilized as a solvent include ethylenc carbonate, propylene carbonate, dicthyl carbonate,
diethyl carbonate, glycerol carbonate, and combinations thergof. Non-limiting examples of suitable esters
which can be atilized a8 a solvent include ethyl acetate, propyl acetate, butyl acetate, isobutyl isobatyrate,

methyl lactate, ethyl lactate, and combinations thereof. Non-limiting examples of suitable ketones which
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can be ufdized as a solvent include acetone, ethyl methyl ketone, methyl isobutyl ketone, and
combinations thereof. Non-hmiting examples of suitable alcohols which can be utilized as a solvent
mclude methanol, ethanol, propanol, isopropanol, n-butanol, isobutanol, pentanol, hexanol, heptancl,

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

{60248 While the present disclosure presents various aspects and cmbodiments as independent
clements, one can readily recognize that these aspects and embodiments can be combined to form
additional aspects and embodiments. Some non-linuting combinations of aspects and embodiments are
herein presented as exemplary combinations. These exemplary combinations are not to be construed as
the only combinations of aspects and embodiments of the concepts present herein which can be
epvisionad and/or supported by the present disclosure.  All combinations of the various aspects and

emboediments disclosed herein are fully contemplated by the present disclosure.

{60249] In a first embodiment, the present disclosure includes a composition comprising an N*-
phosphinyl guanidine metal salt complex comprising a chromiom salt complexed to an N’-phosphinyl
suanidine compound.  In a second embodiment, the present disclosare includes the composition of the
first embodiment wherein the N -phospbinyl guanidine metal salt complex has a Structure CrGul wherein
R'is a C) to Cy organyl group, R™ and R” independently are C, to (s organyl groups consisting
essentially of inert functional groups, R’ is hydrogen or a C| to Cy organyl group consisting essentially of
inert functional groups, R and R® each independently are C; to (s organy! groups consisting essentially
of inert functional groups, CrX,, represents a chromium salt where X is a monoanion, and p ranges from 2
to 6, and Q 15 a neutral ligand, and g ranges from 0 to 6. In a third embodiment, the present disclosure
includes the composition of the second embodiment wherein a) R’ and R™ can be joined to form a ring or
a ring system, b) R* and R” can be joined to form a ring or a ring system, ¢} R™ and R can be joined to
form a ring or a ring systern, or ) R' and R™ can be joined to form a ring or a ring system and R™ and R’
can be joined to form a 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 L' is a C, to Cys organylene group consisting of inert functional
groups {or alternatively, a C, to C,: hydrocarbylene groups), R is hydrogen or a O to Cs, organyl group
consisting essentially of inert fumctional groups (or a €, to €y hydrocarbyl group), RY and R’
tndependently are C, to Cse organyl groups consisting essentially of inert functional groups (or ) to Csp
hydrocarbyl groups),CrX, represents a chrominm salt where X is 3 monocanton and p ranges from 2 to 6,
( is a neutral ligand, and q ranges from { to 6; alternatively, wherein the N'-phosphiny! guanidine metal
salt complex has Structure CrGu3 wherein R’ is a ) to O organy! group consisting essentially of nert

. . : ~ . 23 - N s
functional groups {or a ) to U5y hydrocarbyl group), L7 18 a C; to Cys organylene group consisting of
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inert functional groups (or alternatively, a (; to Cys hydrocarbylene groups), R and R independently are
Cy to Cse organyl groups consisting essentially of inert functional groups {or C; to 5 hydrocarbyl
groups),CrX,; represents a chromium salt where X is a monoanion and p ranges from 2 to 6, Q 1S a neutral
ligand, and q ranges from 0 to 6; alternatively, wherein the N -phosphiny] cuanidine metal salt complex
has Structure CrGud wherein LY and L independently are €, to Oy organylene group consisting of inert
functional groups {or alternatively, hydrocarbylone groups), R* and R’ independently are € to Cxo
organyl groups consisting essentially of inert functional groups {(or C, to Cs hydrocarbyl groups), CrX,
represents a chromium salt where X is a monoanion and p ranges from 2 to 6, (@ is a neutral ligand, and ¢
ranges from 0 to 6; altornatively, wherein the N-phosphinyl guanidine metal salt complex has Structure
CrGuS wherein R’ is a € to Cy, orgarnyl group consisting essentially of inert functional groups (or a C; to
Coo hydrocarbyl group), L™ is a C; to Cy organylene group consisting of inert fumctional groups {or
alternatively, a C, to O hydrocarbylene groups), R is hydrogen or a O\ to Uy, organyl group consisting
essentially of inert functional groups {or a C; to Cyo hydrocarbyl group), R and R independently are C,
to Cyp organyl groups consisting cssentially of inert functional groups {or C, to Cye leydrocarbyl groups),
CrX, represents a chromium salt where X is a monoeanion and p ranges from 2 to 6, O is a neutral ligand,
and g ranges from O to 6. In a fifth embodiment, the present disclosure includes the composition of the
first embodiment wherein the chromium salt comprises a chromium(lll) carboxylate, a chromium(iI) B-
diketonate, or a chromium{IH) halide; or alternatively, the composition of the sccond through the fourth
embodiments wherein X is a carboxylate, a B-diketonate, or a halide, and p1s 3. In a sixth embodiment,
the present disclosure includes the composition of the first embodiment wherein the chromium salt
comprises a chromiuniil) halide; or alternatively, the composition of the second through the fourth
embodiments wherein X is a halide, and p 13 3. In a seventh embodiment, the present disclosure inchides
the composition of the second through the sixth embodiments wherein Q comprises a C) to Cy nitrile ora
Cy to Cyp cther. In a cighth embodiment, the present disclosure includes the composition of the second
through the fourth embodiments wherein CeX,, conprises a chromiuo(illy halide and each @
mdependently 15 a €, to Cyy aliphatic acyclic ether or a C; to Gy aliphatic cyclic ether. In a ninth
embodiment, the present disclosure includes the composition of the first embodiment wherein the N
phosphinyl guanidine metal salt complex has Structure CrCls « THF Gu I, Structure CrCl; « THF Gu VI,
or Structure CrCl; » THF Gu X1 alternatively, Structure CrCl; « THF Gu | alternatively, Structure CrCli

« THF Gu VH; or alternatively, Structure CrCl; » THF Gu X1
{80258] In a tenth embodiment, the present disclosure includes a catalyst systemny composition
comprising a) an N -phosphinyl guanidine metal salt complex described in any of first through the ninth

embediments, and b) a metal alkyl compound. [ an eleventh esmbodiment, the present disclosure
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tocludes the catalyst system composition of the tenth embodiment wherein the metal atkyl compound
comprises an aluminoxane. In a twelfth embodiment, the present disclosure includes the catalyst system
composition of the eleventh embodiment wherein the aluminoxane comprises methylahiminoxane
{MAQO}, modified methylalomimoxane (MMAQ), cthylaluminoxane, n-propylaluminoxane, so-propyl-
alummoxane, n-butvlalununoxane, sec-butylaliminoxane, iso-butvialununoxane, t-butyl aluminoxane, 1-
pentylalurinoxane, 2-pentylaluminoxane, I-pentylaluoinoxane, so-pentyialuminoxans,
neopentylaluminoxane, and mixtures thereof. In a thirteenth embodiment, the present disclosure inchides
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 methylalununoxane (MMAQO). 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 chrominm of the N-phosphinyl
guamidine metal salt complex molar ratio 18 at least §:1.; or alternatively, wherein an alomimuen of the

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

{80251] In a fificenth embodiment, the present disclosure includes a process of preparing a catalyst
system composition comprising contacting an N -phosphinyl guanidine metal salt complex described in
any of first through the ninth embodiments and a metal alkyl compound {or alternatively, an
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
feast 15 mumutes. In a seventeenth embodiment, the present disclosure includes the process of the
sixteenth cmbodiment, 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
systern that has not been aged, or ¢} increased cligomerization catalytic activity and a reduced percentage

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

180252] In an cighteenth embodiment, the present disclosure includes an oligomerization process
comprising a) contacting 1) an olefin, and 11) a catalyst system comprising (8} an N -phosphiny] guamidine
metal salt complex described in any of first through the ninth embodiments, and (b) & metal alkyl
compound (or altematively, an aliminoxane), to form an oligomer product and b} recovering an
oligomer; or alternatively, a) contacting 1) an olefin, and i1} a catalyst systemn 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 cighteenth embodiment, wherein the catalyst system, the

olefin, and hydrogen are contacted to form an oligomer product. In a tweotieth 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 temperatwe ranging from 20°C to 150°C. In a twenty-first
embodiment, the present disclosure includes the process of the eighteenth through the twentieth
embediments, wherein the olefin comprises ethvlene, and wheremn the oligomer product comprises a
higuid oligomer product comprising from 60 t0 999 wi. % U4 and G olefins.  In a twenty-second
embediment, the present disclosure ncludes the process of the ecighteenth through the twenty-first
embodiments, wherein the olefin comprises ethylene and wherein a C; oligomer product comprises at
teast 90 wit. % 1-hexene. In a twenty-third embodiment, the present disclosure includes the process of the
cighteenth through the twenty-second embodiments, wherein the olefin comprises cthylene and wherein a
Cy oligomer prodoct comprises at feast 90 wt. 9% l-octene. In a twenty-fourth embodiment, the prosent
disclosure inclades 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 1s formed at an ethylene partial pressare ranging from

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

Greneral Disclosure Information

{80253] For the purpose of any U.S. national stage filing from this application, all publications and
patents mentioned in this disclosure are incorporated herein by reference in their entiretics, for the
purpose of describing and disclosing the constructs and methodologies described in those publications,
which mught be used 1o coonection with the methods of this disclosure.  Any publications and patenis
discussed above and throughout the text are provided selely 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 1ot

entitied to antedate such disclosure by virtue of prior invention.

180284] Unless indicated otherwise, when a range of any type is disclosed or claimed, for example a
range of the number of carbon atoms, molar tatios, termperatures, and the like, it 18 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 mumber of carbon atoms,
each possible mdividual integral number and ranges between integral nummbers of atoms that the range
meludes are encompassed therein. Thus, by disclosing a C; to Cyo alkyl group or an alkyl group having
from § to 10 carbon atoms or “up 07 10 carbon atoms, Apphicants” mtent is to recite that the alkyl group
can have 1, 2, 3. 4, 5, 6, 7. 8, 9, or 1 carbon atoms, and these methods of describing such a group are
mterchangeable. When describing a range of measurements such as molar ratios, every possible number

that such a range could reasonably encorapass can, for example, refer to values within the range with one
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significant digit moore than is present in the end points of a range. In this exaniple, a volar ratio betwesn
1.03:1 and 1.12:1 inchudes individually molar ratios of 1.03:1, 1.04:3, 1.05:1, 1.06:1, 1.07:1, L.O8:1,
090, LI, LA and 11201, Applicants” mtent 1s that these two methods of describing the range are
interchangeable. Moreover, when a range of values s disclosed or claimed, which Applicants intent to
eflect individually each possible mumber that such a range could reasonably encormpass, Applicants also
iotend for the disclosure of a range to veflect, and be imterchangeable with, disclosing any and all
sub-ranges and combinations of sub-ranges encompassed therein. In this aspect, Applicants” disclosure of
a C, to Cyp alkyl grovp 1s intended to literally encompass a Cy to Cg alkyl, a €, to Cyalkyl, a2 Crt0 &
atkyl, a combination of a Cy to C; and a Cs 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
i: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 ncludes mdividually molar ratios of 1.01, 1.02, 1.03, 1.04, 1.05, 1.05, 1.07, 1.08, 1.09, 1.10,
LA, 112, 183, 114, 115, 116, 117, 118, 1.19, and 1.20, all relative to 1, and any and all sub-ranges
and combinations of sub-ranges encompassed therein.  Accordingly, Applicants reserve the right to
proviso out or exclude any individual members of any such group, including any sub-rapges or
combinations of sub-ranges within the group, it 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 tuve 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 deternyne quickly from a cursory inspection the vature and gist of the techoical disclosure.”
Therefore, the Abstract of this application 1s not intended to be used to construe the scope of the claims or
to limit the scope of the subject matter that is disclosed herein. Moreover, any headings that can be
employed herein are also not intended to be used to construe the scope of the claims or to limit the scope
of the subject matter that s disclosed herein. Any use of the past tense to describe an example otherwise
mndicated as constructive or prophetic 18 not intended to reflect that the constructive or prophetic example
has actually been carried out.

180286] The present disclosure is further illustrated by the following examples, which are not to be
construed in any way as imposing limitations gpon the scope thereof. On the contrary, it is to be clearly

understood that resort can be bad to various other aspects, embodiments, modifications, and equivalents
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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.

{802587] 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 disciosed, and to demonstrate a2 number of the practices and advantages thereof. The exaroples
are given as a more detatled denonstration of some of the aspects and embodiments described herein and

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

EXAMPLES
D0258] N -phosphinyl guanidine metal salt complexes were prepared and  their utility as

oligomerization catalysts evaluated.

suanidine Compound Syntheses

16025%] Al chemicals and compounds uvsed were purchased from commercial sources. Diethyl ether
was distilled from sodimm-benzophenone to climunate water and oxygen.  Anhydrous benzene (dry
benzene} was degassed and stored over molecular steves. The syothesis of the guanidine compounds
were performed using the general procedure n L4, D.; Guang, 1; Zhang, W.-X.; Wang, Y.; Xi, Z. Org.
Biomol. Chem. 20318, 8, 1816-1820 which i3 imcorporated herein by reference in its entirety. Table 3
summarizes the amines and carbodiimides utilized m guanidine syntheses 1-5 along with the produced

enanidine compounds.

Gueniding Synthesis 1 - Guanidine A

180268] 2.6 dimethylaniline (20numol, 2.608ml}) was dissolved in 50mi of benvene in a 100mi Schienk
flask. To  this  solution, N N’-diisopropvicarbodiimide  (20mmol, 3.09ml} and  zine
trifluoromethancsulfonate (0.6mmol, 9.2200¢) were also added to give a clear and colorless solution.
This sohution was refluxed for 12 hours. After refluxing the reaction mixture was cloudy but still
colorless. The benvene solvent was removed and the white solid that rematned was dissoived in diethyl
sther, filtered, and taken to dryness to give a white powder (4.3951g, 88.1% vield). NMR (CeD¢) & 7.16
{doublet, ZH), 6.95 (traplet, 1H), 3.17 (broad doublet, 2H), 2.33 (singlet, 6H), 0.87 (broad doublet, 12H)
ppm.

Guuniding Syunthesis 2 - Guaniding B

180261}  Aniline (10mmol, $.9137mi), Zn{OTF), (0.3mmol, 0.1100g), and N N’-diisopropylearbo-

divmde (10mumol, 1.546mb) were transferred to a 50ml Schienk flask and dissolved in 25mi of benzene.
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The reaction nuxture was refluxed for 72 howrs. The solution changed color from dark brown to
translucent dark green that began to sclidify 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 vacoom. The product
was isolated by dissolving in warm diethsyi ether followed by filtration. The green solution was reduced
in volume ontil solid began to form. The solution was placed n a freerer for 1 hour before filtering
(1.3320g, 60.7% vield). NMR {Ccq) o 7.26 (triplet, 2H), 7.14 (singlet, 2H}, 6.92 {triplet, 1H), 3.64
{broad singlet, ZH), 3.42 (broad muitiplet, 2H}, .88 (doublet, 13H) ppm.

Guaniding Synthesis 3 — Guanidine C

180262] 2-5-ditert-butylaniline (10mmol, 2.0535g), a white, powdery sohid, Zn{OTF), {0.3nmmol,
0.1100g), and NN’ -diisopropylearbodiimide (10mmol, 1.546m} were transferred to a 50ml Schlenk flask
and dissolved in 25mil of benzene to give a clear and coloriess 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 1o diethyl ether to give a colorless solution with a fine white precipttate and was allowed to stir
for 30 nunutes before filtering to give a clear and colorless filtvate. The solvent was removed by vacuum
to give a white powder (3.0554, 92.2 % vield). NMR (CgD¢) 01 7.46 (doublet, ZH), 7.01 (doubiet, 1H},
6.97 (singlet, 1H), 3.68 (broad, 2H), 3.43 {(broad doubict, 2H), 1.66 (singlet, SH), 1.30 (singlet, 9H}, 0.94
{doublet, 12H} ppm.

Guaniding Synthesis 4 — Guanudine

100263] Guanidine D was prepared in the same manuoer and same milliroclar proportions as described
for the synthesis for Guamidine C. The synthesis provided 4.68¢, 84.5 % vield, of Guamdine D. NMR
{Cssy &0 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 (inplet, 3H), 0.90 {(doublet, 12H) ppm.

Gueniding Synthesis 5 — Guanidine B

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

Symthesis Designation Amine Carbodiimide Guanidine
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Synthesis of N>-Phosphinyt Guanidine Compounds

[00265] All chemicals and compounds not prepared as disclosed in the hercin Examples were
purchased from commercial sources. The N™-phosphinyt guanidine compounds were performed under an
argon atmosphere. Diethyl ether was distilled from sodium-benzophenone to eliminate water and oxygen.

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

N-Phosphinvl Guanidine Synthesis I — N--Phosphinyl Guanidine Structure XiX

[80266] Guanidine A (Sownol, 0.7415g) dissolved in 50mi of diethyl ether ina 100 rof Schienk flask to

give a clear and colorless solution. The reaction mixture was placed 1n an ice bath under argon purge. A
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10% raolar excess of buty! lithtum (ZM, 1,650} was added drop-wise and the solution was aliowed to stir
for 2 hours at room temperature. A 10% molar excess of p-chlorodiphenylphosphine (3. 3mmol, 0.592Zmb)
was added in one part. After a few minutes the solution changed from clear and colorless to orange-
vellow with a fine white precipitate suspended 1o solution.  The mixture was filtered to give a clear
solution.  Solvent was removed from the filtrate under vacuum to give viscous vellow oil (1.3359g,
quantitative vield), NMR (CeDe): & 7.67 {triplet, 4H), 7.13 (vwltiplet, 8H), 6.90 (tiplet, 1H), 4.51
{multiplet, 1H), 4.32 {(doublet, 1H), 3.18 (multiplet, 1H), 2.38 (singlet, 6H), 1.46 (doublet, 6H), 0.46
{doublet, 6H) ppm.

N-Phosphinyl Guanidine Synthesis 2 — N--Phosphinyl Guanidine Structure X VI

100267} The N’-phosphinyt guanidine compound having Structure XVIII was prepared using the same
procedure and millimolar quantities as utilized in N’-phosphinyl guanidine synthesis fusing chloro-
ditsopropylphosphine and Guamdine A as reagents. When p-chlorodiisopropylphosphune was added the
solution remained clear and colorless with fine white precipitate suspended 1o solution. Two filtrations
were necessary to remove the sofid from the filtrate €0 give a clear and colorless solution. The ether was
removed and a clear and colorless ot remained (1.1082, quantitative vield), NMR (Cllg): § 6.94 (singlet,
3H, 3.34 (muluplet, 1H), 3.23 (multiplet, 2H), 3.04 {multiplet, 1H}, 2.97 {doublet, 1H), 2.51 {(singlet,
6H), 1.22 (muleiplet, 19H), 0.53 (doublet, 6H) ppm

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

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

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

N-Phosphinyl Guanidine Svnthesis 4~ N -Phosphinyl Guanidine Structure XXI

{00269} The N-phosphinyl guanidine compound having Structure XVII was prepared using the same
procedure as utilized in N’-Phosphinyl Guanidine Synthesis lusing chiorodiphenylphosphine and

A
7
I

Guanidine C as reagents. Guanidine C (Smamol, 1.6578g) was dissoived in 50 mal of dry diethyl ether in a
100 mi Schlenk flask and cooled in an ice bath, Butylithivm (Sramol, 2M, 2.5mi) was added drop-wise.
After the addition, the mixtore was allowed to stir for two hours at room temperature. Chiorodiphenyl-

phosphine (Smrol, 0.898ml) was added 10 one addition. The mixture became slightly yellow and ina
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few nyinutes a fine white precipitate began to form. The mixture was passed through a fine filtered frit
funnel to remove the lithrum chloride salt and give a clear, light yellow solution. The solvent was
removed to give a light vellow powder {2.3109g, 89.6 % Yield), NMR (CeD¢): 6 7.67 (multiplet, 4H),
7.41 (2 smglets, 1H), 7.15 (multiplet, 6H), 7.20 (inplet, 2H), 7.02 {doublet, 1H), 6.89 (smglet, 1H), 4.00
(muttiplet, 1H), 3.79 (singlet, 2H}, 1.65 {singlet, 9H), 1.35 {doublet, 6H), 1.29 (singlet, 9H), 0.79

(doublet, 6H) ppm.

N-Phosphinyl Guanidine Synthesis 5~ N--Phosphiny] Guanidine Structure XX

{66276] The N'-phosphinyl guanidine compound having Structure XX was prepared using the same
procedure as utifized o N™-Phosphinyl Guanidine Synthesis 1 using chiorodiphenyiphosphing and
Guanidine [J as reagents. Guanidine I (Smuol, 1.23733) was dissolved in dry diethyl ether, cooled in an
ice bath, and treated with butyl hithivm (2M, 2.5ml}). After complete addition, the mixture was allowed to
stir for 2 hours at room temperature.  Chlorodiphenylphosphine was addad, the solution changed from
green to hight vellow with a fine white precipitate, and was allowed to stiv over might. The white lithium
chioride salt was removed by vacuum filtration through a fine fritted filter funnel to give a green-yellow
sofution. The solvent was removed and the compound that remained began to solidify. The solid was
dissolved in pentane, filtered, and taken to dryness, vielding a greenish-beige solid (1.9474¢g, 90.0%
Yieldy, NMR (CiDek: & 7.65 (triplet, 4H), 7.07 (multiplet, 7TH), 6.94 (inplet, 2H), 6.81 (dousblet, 1H),
4.10 (multiplet, 2H), 3.52 (oduiplet, 1H), 2.85 (quartet, 2H), 1.36 (singlet, 2H), 1.33 (singlet, 3H), 1.32
{doublet, TH), 0.91 {doublet, 2H), 0.67 (doublet, 4H) ppm.

No-Phosphinyl Guanidine Synthesis & — N--Phosphinyl Guanidine Structure XXI

100278} The N'-phosphiny! guanidine compound having Structure XXI was prepared using the same
procedure and mulimolar guantities as utilized N'-Phosphinyl Guanidine Svnthesis 1 using chloro-
diphenylphosphine and Guanidine E as reagents. The product was a very viscous vellow oil (1.9047g,

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

No-Phosphinyl Guanidine Svnthesis 7 — N--Phosphinyl Guanidine Structure VI

{80272}  Triarabicyclo[4.4.01dec-5-ene (5 momol, (.696¢) was suspended in 50ml of dry diethyl either
under an argon atraosphere and cooled in an ce bath. One molar equivalent of butyllithuum (2 M, 2.5mb
was added drop-wise and the solution was allowad fo stir for 2 hours at room temperature. The reaction
mixture became mitky white with a fine white precipitate suspendad in solution. After 2 hours, one molar
squuvalent of p-chlorediisopropylphosphine (Smmol, 8.797mi) was added in one portion and a fine 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 coloriess filtrate. Solvent was removed leaving a
clear and colorless liqmd (1.1851g, 92.8 % Yield). NMR (Celig): 6 3.40 (triplet, 2HD), 3.31 (nultiplet,
2H}, 3.08 (multiplet, ZH), 2.66 (triplet, 2H), 2.52 ¢riplet, 2H), 1.53 (muldtiplet, 2H), 1.47 {mudtiplet, 2H),
1.25-1.14 (multiplet, 12H) ppm.

No-Bhosphinyl Guanidine Svnthesis 8 — N -Phosphinyl Guanidine Structure X1

100273} The N'-phosphiny! guanidine compound having Structure XI was propared using the same
procedure and millimolar quantities as utilized in N*-Phosphinyl Guanidine Synthesis 7 using chioro-
diphenylphosphine and triazabicyclo{4.4.01dec-5-ene as reagents. After the addition of chiorodiphenyl-
phosphine the reaction mixture became significantly thicker with more precipitate. The cther was
removed and the white solid was dissolved in dry beozene and filtered. The beozene was reroved under
vacuum to give a white solid that partially melts under warm conditions (1.2646g, 81.2 % Yield). NMR
(CeDed: & 7.54 (multiplet, 4H), 7.12 {multiplet, SH), 3.49 {(tniplet, 2H), 2 88 {triplet, 2H), 2.66 (triplet, 2H),
2.52 (riplet, 2H), 1.56 Gmultiplet, 2H), 1.29 (multiplet, 2H) ppm

N-Bhospliinyl Guanidine Synthesis 9 — N -Phosphinyt Guanidine Structure X

100274] The N'-phosphinyl suanidine compound having Structure X was prepared using the same
procedure and millimolar quantities as utilized in N*-Phosphinyl Guanidine Synthesis 7 using chioro-
dicyclohexyiphosphine and triazabicyelof[4.4.01dec-5-ene as reagents. The product was a hiquid at room
temperature (1.1409g, 71.0% Yicld), NMR (CDg): 8 3.46 (broad triplet, 2H), 3.27 (iniplet, 2H), 2.94
{(broad singlet, 2H), 2.63 (triplet, 2H), 2.52 (wiplet, 2H), 2.02 (broad, 2H), 1.89 {(broad nwltiplet, 4H),
1.77 {broad doubiet, ZH}, 1.68 {broad doublet, 2H}, 1.52-1.33 (broad nmultiplet, 14H) ppm.

No-Phosphiny! Guaniding Synthesis 16 — N--Phosphiny! Guanidine Structure XX

00275]  The N -phosphinyl guanidine compound having Structure XX was prepared using the same
procedure and millimolar quantities as utilized in N™-Phosphinyl Guanidine Synthesis 7 using chioro-
diethylphosphine and triazabicycio[4.4.0]dec-5-ene as reagents. The product was a white powder
(.8302g, 83.0 % Yield). NMR (CiDg): 5 3.64 (broad singlet, 2H), 2.73 (broad singlet, 2H]}, 2.56 {triplet,
2H), 2.47 (riplet, 2H), 1.71 (broad mwldtiplet, 2H), 1.49, (multiplet, 2H), 1.31-1.10 (multiplet, 10H) ppm.

NowPhosphinyl Guaniding Synthesis 11 — N°-Phosphiny! Guanidine Structure |

100276] The N phosphinyl gnanidine compound having Structure 1 was prepared using the same
procedure and millimolar goantities as otilized in N°-Phosphinyl Guanidine Synthesis 7 using chloro-

ditsopropyiphosphine and 1,3-di-o-tolviguanidine as reagents. The product was a viscous ol {1.320g,
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{broad singlet, 1H}, 2.28 (singlet, 6H), 0.81-0.69 (awltiplet, 12H) ppm.

Synthesis of Chromium Trichloride N>-Phosphinyl Guanidine Complexes

1602771  All chemicals and compounds not prepared as disclosed in the hercin Examples were
purchased from commercial sources. The N'-phosphinyl guanidine compounds were performed under an
argon atmosphere. Tetrabhydrofuran were distilled from scdimm-benzophenone to elimunate water and

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

No-Bhosplinyl Guanidine Chromiwm Trichiovide Complex Synthesis 1 —N°-Phosphinyl Guanidine

Chronvum Trichloride Complex Structure CrlhGu XEX

[80278] CrClI(THF); (0.5mmel, 0.1873g) was suspended in 23mi of toluene in a 50mi Schienk flask to
give a dark purple solution with suspended solids. One molar equivalent of the N -phosphinyl gnanidine
compound having Stracture 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 (6.1470g,

49.5 % Yield).

N-Phospfiinyl Guanidine Chrongam Trichioride Complex Synthesis 2 — N--Phosphinyl Guanidine

Chronnum Trichloride Complex Structure CrhGu XV

180279]  CrCL{THF), (0.5mmol, 0.1873¢) was dissolved in 25mi of tetrahydrofiwan in a 50mi Schienk
flask to give a clear, purple sofution. One molar equivalent of the N -phosphiny! suanidine compound
having Stracture XVUI 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 compietion. The resulting solution was filtered to give a clear solution. The solvent was

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

-

No-Phosphinyl Guanidine Chrominm Trichloride Complex Synthesis 3 — N -Phosphinyl Guaniding

Chronrium Trichlonde Complex Stracture CrCLGu XV

j00288] The N’-phosphinyl guanidine chromium trichloride complex having Structure XVII was
prepared using the same procedure and nullimolar quantitios as utilized in N™-Phosphiny! Guaniding
Chromivm Trichloride Complex Syothesis 2 using the N'-phosphinyl guanidine compound having

Structure XVH. The procedure provided a dark blue solid (0.2699g, 85.1 % Yield}.
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N-Phosphinyl Guanidine Chromium Trichloride Complex Svnthesis 4 — N--Phosphinyl Guaniding

Chromium Trichloride Complex Structure CrihGy XX

{60281} The N'-phosphinyl guanidine chromium trichloride complex having Structure XX was
prepared using the same procedure and millimolar quantitics as otilized in N’*-Phosphinyl Guanidine
Chromiumn Trichloride Complex Synthesis | using the N-phosphinyl guanidine compound having

Structure XX, The procedure provided a biue solid (0.1007g, 27.0 9% Yield).

No-Phosphinyl Guanidine Chrominm Trichloride Complex Synthesis 5§ — N°-Phosphinyl Guanidine

Chromium Trichloride Complex Structure CrLGu XX

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

Structure XX. The procedure provided a dark green solid {.3066¢, 92.6 % Yield).

N-Phosplinyl Guanidine Chromium Trichioride Complex Svnthesis 6 — N--Phosphinyt Guanidine

Chronvum Trichioride Complex Structure CrClGu XX

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

Structure XXL The procedure provided a green solid (0.2885g, 82.5 % Yield).

o

No-Phosphinyl Guanidine Chrominm Trichloride Complex Synthesis 7 — N -Phosphinyl Guaniding

Chronrium Trichlonide Complex Structure CrCLGu VIE

j00284] The N -phosphinyl guanidine chromium trichloride complex having Structure VI was
prepared using the same procedure as utilized in N™-Phosphinyl Guanidine Chromium Trichioride
Complex Synthesis 2 except the procedure utilized 2.0 mumoles of the N -phosphiny! guanidine compound
having Structure VH and 2.0 mmoles of CrCL(THE);. The procedure provided a greenish- blue solid
{0.8721g, 89.9 % Yield).

N-Phosplinyl Guanidine Chromium Trichioride Complex Svnthesis 8 — N--Phosphinyt Guanidine

Chronvum Trichioride Complex Structure CrChGu X1

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

Complex Synthesis 2 except the procedure otilized 2.0 mmoles of the N’-phosphinyl guanidine compound
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having Structure X1 and 2.0 suneles of CrCls(THF);. The procedure provided a dark blue solid (1.081,
86.0 % Yield).

No-Phosphinyl Guanidine Chromium Trichloride Complex Synthesis 8 — N'-Phosphinyl Guanidine

Chronnun Trichloride Complex Structure CrCliGu X

[00286] The N’-phosphiny! guanidine chrontium trichloride complex having Structure X was prepared
using the same procedure and millimolar quantities as utidized in N°-Phosphinyl Guanmdine Chromium
Trichtoride Complex Synthesis 2 using the N -phosphinyl guamdine compound having Structure X. The

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

No-fosphinyl Guanidine Chrominm Trichiovide Complex Synihesis 16 — N -Phosphinyi Guanidine

Chronrium Trichloride Complex Stracture CrCLGu XX

[00287] The N'-phosphinyl guanidine chromium trichloride complex having Structure XXIH was
prepared using the same procedure and nullimolar quantities as utilized in N™-Phosphiny! Guanidine
Chromium Trichloride Complex Syothesis 2 using the N'-phosphinyl guanidine compound having

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

Ne-Phosphinvl Guanidine Chrominm Trichloride Complex Svnthesis 1] — N>-Phosphinyl Guanidine

Chrongium Trichioride Complex Structure CrlhGu d

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

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

Olefin Oligomerization

{0028%] The N-phosphinyl guanidine compounds and N'-phosphinyl guanidine metal salt complexes
were utilized as prepared osing the methods desenbed herein. The MMAG-3A {7 wib% alwmmoum in
heptanes) was utilized as obtained from the chenucal supplier Akzo-Nobel. The solvents were doed
and/or purified using conventional methods and stored under conditions to humit their abiliy to pick-up
water. o the product analyses, reference €0 an amount of Cg or Cg products refer to all oligomer products
having & or 8 carbon atoms, respectively, within the oligomer product. References to weight percent of 1-
hexene or 1-octene refer to the weight percent of 1-hexene or -octene n the Cg or Cs product portion of

the ohgomer product, respectively (€.g., product purities).
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Ethvlene Qlisomerization Run-Standard Method
180298] 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. Io the drybox, a 20 mi glass vial was charged with an
N-phosphinyl guanidine metal salt complex and ethylbenzene (1.0 g). MMAO-3A (3.3g, 7.6 wt% Al
solution in heptanes) was added to the blue heterogencous solution of the N -phosphinyl metal salt
complex resulting in formation of a yellow solution. The catalyst system was then allowed to set
overnught {approxiamately 18 hours). The vellow solution was then added to 0.5 L glass charger
containing 400l cycichexane. This solution was removed from the drybox and charged tnnto 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 mimutes,
water cooling was applied to the reactor system. Once the temperature reached 35 °C, the unreacted
ethylene and hydrogen gas was vented to the atmosphere. A liquid sample was collected and analyzed by
GC-F1D; for this ron ethylbenzene was used as the mtemal standard. Solids were collected by fitering
the solution and cleaning the reactor walls and cooling coil. The N'-phosphiny! guanidine metal salt
complexes and amount of materials utilized for each ethylene oligomerization are provided are

sunyoarized in Table 4 along with the results of cach oligomerization run.

Table 4 — Ethyleoe Oligomerization Runs

Complex Structure Designation CrCly « THF OiCl, « THF  CrCly ¢ THF iClL, + THF
Gu VI Gu X1 Gu XI Gul

Catalyst Systern and Oligomerization Parameters

MW complex (g/mole) 484.79 62392 623.92 656.01
mg conplex 5 6 6 6
mmel complex (4.0103 0.0096 0.0096 0.0091
mg Cr 0.54 0.50 (.50 .48

MMAO (g 76 wi %

Al solation in heptanes) 33 33 33 33

ALCr molar ratio 600 500 600 600

Bulk solvent 0.4 L, cyH 045, cyH 0.4 L, ovH 041, cvH
exn time (min} 24 20 20 3G

CoHy (psig) 875 875 875 875

Ho (psig) 25 25 25 25

rxu terap (°C) 70 76 76 70

Product Analysis
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g polymer (.6 0.4 0.6 2.4

& hiquid product 101.7 5 6.4 15.1

Polymer 0.6 74 8.6 137

Carbon Number Distribution
Ce, (Wt %) 67.4 33.6 37.0 60.7
Cq, {wi. %) 303 36.8 41.7 269
Cio, (vt %) 1.3 7.3 7.2 2.2
Cia, {wit. %) 0.7 59 9.8 1.6
Ciar, (W %) 6.3 16.4 5.1 8.6
{Ce+Cq) {wt. %) 97.7 0.4 787 §7.6

Productivity {Cg+Cy) 185,300 7,000 10,100 27,200

purity Cg (wi. %) 91.51 46.01 44.74 94.13

purity Cg (wit. %} 97.66 84.59 %4.96 96.71
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CLAIMS

A composition comprising an Nz—phosphinyl guanidine metal salt complex comprising a

chromium salt complexed to an N*-phosphinyl guanidine compound.

The composition of claim 1, wherein the N*-phosphinyl guanidine metal salt complex has a
p

general structure:

R2b
RN RO

=

74 \ /R4

- N\ /P\ 5
cix, R

Qq

R1

wherein:

R'is a C; to C3 organyl group,

R* and R® independently are C; to Cjp organyl groups consisting essentially of inert
functional groups,

R’ is hydrogen or a C; to Cs organyl group consisting essentially of inert functional groups,
R* and R’ each independently are C, to Csy organyl groups consisting essentially of inert
functional groups,

CrX,, represents a chromium salt where X is a monoanion, and p ranges from 2 to 6, and

Q is a neutral ligand, and q ranges from 0 to 6,

wherein the inert functional groups are selected from the group consisting of halo groups,

nitro groups, hydrocarboxy groups, hydrocarbosulfidyl groups, or combinations thereof.

The composition of claim 2, wherein

a) R'and R* can be joined to form a ring or a ring system,
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b) R*and R? can be joined to form a ring or a ring system,
¢) R®and R’ can be joined to form a ring or a ring system, or
d) R'and R* can be joined to form a ring or a ring system and R? and R® can be joined to

form a ring or a ring system.

The composition of claim 2, wherein the N*-phosphinyl guanidine metal salt complex has the

general structure:

/\N
12
L\JN/ N\P/ R
N
o, R
Qq

wherein L'? and L* independently are C, to Cys organylene group consisting of inert
functional groups,
wherein the inert functional groups are selected from the group consisting of halo groups,

nitro groups, hydrocarboxy groups, hydrocarbosulfidyl groups, or combinations thereof.

The composition of claim 1, wherein the chromium salt comprises a chromium(III)

carboxylate, a chromium(III) B-diketonate, or a chromium(III) halide.
The composition of claim 1, wherein the chromium salt comprises a chromium(III) halide.
The composition of claim 2, wherein Q comprises a C; to Cyg nitrile or a C; to Cyg ether.

The composition of claim 2, wherein CrX, comprises a chromium(IIl) halide and each Q

independently is a C, to Cs aliphatic acyclic ether or a C; to Cs aliphatic cyclic ether.
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9.  The composition of claim 1 wherein the N*-phosphinyl guanidine metal salt complex has the

structure:

; N N
H'\i\NH N)/\\N} P CN;\\N? /©
Cllzl—\Cr’\P; C|—\Cr/P7/ CI—-\Cr/PO
/ l \ \ / 1 \

| c’| ¢ c’|
THF . THF  ,or  THF

10. A catalyst system composition comprising:
a)  an N’-phosphinyl guanidine metal salt complex comprising a chromium salt complexed
to an N”-phosphinyl guanidine compound; and

b) ametal 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, ethylaluminoxane, n-propylaluminoxane,
iso-propylaluminoxane, n-butylaluminoxane, sec-butylaluminoxane, iso-butylaluminoxane, t-
butyl aluminoxane, 1-pentylaluminoxane, 2-pentylaluminoxane, 3-pentylaluminoxane, iso-

pentylaluminoxane, neopentylaluminoxane, and mixtures thereof.
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The catalyst system composition of claim 11, wherein the metal alkyl comprises modified

methylaluminoxane.

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.

A process of preparing a catalyst system composition comprising contacting an
N?-phosphinly guanidine metal salt complex comprising a chromium salt complexed to an

N?-phosphinyl guanidine compound and a metal alkyl compound.

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

absence of an olefin for at least 15 minutes.

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.

An oligomerization process comprising:
a) contacting
1)  anolefin, and

i1)  a catalyst system comprising
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(a)N*-phosphinyl guanidine metal salt complex comprising a chromium salt
complexed to an N*-phosphinyl guanidine compound, and
(b)a metal alkyl compound,
to form an oligomer product; and

b) recovering an oligomer.

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

to form an oligomer product.

The process of claim 18, wherein the oligomer product is formed at a temperature ranging

from 20 °C to 150 °C.

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. % C¢ and Cg

olefins.

The process of claim 18, wherein the olefin comprises ethylene and wherein a Cq oligomer

product comprises at least 90 wt. % 1-hexene.

The process of claim 18, wherein the olefin comprises ethylene and wherein a Cg oligomer

product comprises at least 90 wt. % 1-octene.

The process of claim 18, 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:
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(a) an ethylene partial pressure ranging from 150 psig to 2,000 psig.

(b) ahydrogen partial pressure ranging from 5 psig to 400 psig, and

(c) atemperature 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. % Cs and Cg olefins, a C¢ oligomer product comprises at least 90 wt. %

1-hexene and a Cg oligomer product comprises at least 90 wt. % 1-octene.



