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LUBRICATING OIL COMPOSITIONS CONTAINING AMIDINE ANTIOXIDANTS

FIELD OF THE INVENTION

The present invention generally relates to amidine antioxidants and compositions
containing same.

BACKGROUND OF THE INVENTION

Lubricating oils generally have a tendency to deteriorate due to oxidation and form
decomposition products which can damage the machinery they lubricate. The oxidation is
caused by exposure of hydrocarbons to oxygen, NOx and heat, and the reaction can be
accelerated by the presence of transitional metals, such as copper, iron, etc. The internal
combustion engine, especially in service, becomes an excellent chemical reactor for
catalyzing the oxidation process when heat and engine metal parts act as effective oxidation
catalysts. Hence, antioxidants play a very important role in protecting the lubricant from
oxidative degradation.

Antioxidants can be grouped into primary and secondary antioxidants. Aromatic
amines are considered as primary antioxidants. They act as radical scavengers by donating
hydrogen atoms to terminate alkoxy and alkyl peroxy radicals and interrupting the radical
chain mechanism. Secondary antioxidants are usually peroxide decomposers. They function
by reducing alkyl hydroperoxides in the radical chain to nonradicals or less-reactive alcohols.
On the other hand, peroxide is also a weak acid. A strong base should be able to neutralize
the peroxide acid and decompose the peroxide by removing the proton. Commonly, peroxide
decomposers can be sulfurized olefins, metal dithiocarbamates, metal dithiophospates,
phosphites or thioesters, etc.

It is known that sulfur, phosphorous and ash content may negatively impact pollution,

atmosphere and pollution control devices. With the increase in the awareness of the
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environmental protection and strictness in government regulations, there is a strong need for
new antioxidants without any environmental side effects, but with improved antioxidancy
performance. Hence, a low sulfur, low phosphorus, ashless (SAPS) peroxide decomposer is
highly desired.

The following patent art teaches elements of the proposed invention, but none of them
has mentioned the use of amidine compounds as antioxidants to lubricate engines.

US 4,693,837 teaches the use of tertiary butyl derivatives of toluenediamine and
specifically 5-tert-butyl-2,4-toluenediamine as an antioxidant material for preventing
oxidation of organic materials.

US 6,133,480 teaches the process of synthesizing N-phenyl-1-naphthylamine by the
reaction of aniline and 1-naphthylamine in the liquid phase at 100-400 °C and normal
ambient pressure is carried out in the presence of a catalyst mixture containing boron and
fluorine.

US 4,269,720 teaches that organic material such as lubricating oil can be stabilized
against oxidative degradation by addition of an alkyl aniline compound, diphenylamine
and/or N-(2-amino-3-ethyl-a-methylbenzylidene)-2,6-diethylaniline or mixtures thereof.

US 4,866,209 teaches novel poly(hydrocarbylthio)anilines are 2.4,6-trisubstituted
anilines wherein the substituents in at least two of the ortho and para positions are
hydrocarbylthio substituents, any other p-substituent is hydrocarbyl or hydrocarbyloxy, any
other ar-substituents are chloro, fluoro, hydrocarbyl, hydrocarbyloxy, and/or hydrocarbylthio,
and any N-substituents are hydrocarbyl.

US20110230680 teaches a process of making N, N'-diaryl-o-phenylenediamine

antioxidant, which involves reacting phenyl compound with aniline derivative in the presence
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of a palladium catalyst, or reacting phenyl compound with aniline derivative in the presence
of a palladium catalyst.

US20090287022 teaches a process of preparing a catalytic antioxidant, which is a
N,N'-diphenyl-benzene-1,4-diamine comprises: either reacting a 1,4-disubstituted arene with
an aniline derivative in the presence of a palladium catalyst; or reacting a 1.4-
diphenylenediamine with a substituted arene derivative in the presence of a palladium
catalyst.

US20100217043 teaches a process s of making N,N'-diaryl-o-phenylenediamine
catalytic antioxidant by reacting a substituted phenyl compound with aniline derivatives in
the presence of palladium catalyst.

US 4,814,504 teaches diphenylamine produced by contacting aniline with an alumina
catalyst.

US 4,804,783, US 4,871,875 and US 4,952,731 teach the processes for the production
of diphenylamine or N,N'-diphenyl-phenylene diamine compounds from specific aniline
compounds or specific phenylenediamine compounds by reacting with an excess of specific
phenol compounds in the presence of hydrogen transfer catalysts and of a catalytic amount of
cyclohexanone.

US 2,718,501 teaches a synergistic mixture of a sulfur-containing compound, such as
a wax sulfide or dioctadecyl disulfide, and an aromatic amine compound having at least 2
aromatic rings, such as phenyl alpha —naphthyl amine, for use in preventing oxidation in
lubricating oils.

US 2,958,663 teaches an extreme pressure lubricant composition containing from
0.01 to 5 percent each of sulfurized oleic acid, C18-C22 alkenyl succinic acid, chlorinated
paraffin wax containing from 20-60 percent chlorine, diphenylamine and N’N-salicylal-1,2-

propylenediamine.
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US 3,345,292 teaches stabilized alkyl substituted diaryl sulfides for use as functional
fluids where the stablizer can be diaryl amine or alkylated phenol.

US 4,032,462 teaches lubricants having improved antioxidancy having an oil soluble
antimony compounds and an oil soluble antioxidant selected from sterically hindered phenols
and thiophenols, and aromatic amines, and mixtures of these antioxidants.

US 4,089,792 teaches lubricants having an antioxidant mixture of a primary amine
and an antioxidant selected from aromatic or alkyl sulfides and polysulfides, sulfurized
olefins, sulfurized carboxylic acid esters and sulfurized ester-olefins.

US 4,102,796 teaches lubricant having an antioxidant mixture of aromatic and alkyl
sulfides and polysulfides, sulfurized olefins, sulfurized carboxylic acid esters and sulfurized
ester-olefins and a secondary aliphatic amine.

US 6,306,802 teaches of an antioxidant mixture containing a combination of an oil
soluble molybdenum compound and an aromatic amine.

“Chemistry, Biological Activity, and Uses of Formamidine Pesticides” by R.M.
Hollingworth, FEnvironmental Health Perspectives, vol 14, pp.57-69, 1976 teaches the
structure, properties, use and chemistry of formamdines in pesticides.

Thus, herein we report amidine antioxidant compounds and compositions containing
same. These compounds and compositions show enhanced performance in engine oils when
compared with industry standard antioxidants.

SUMMARY OF THE INVENTION

In accordance with one embodiment of the present invention, there is provided a
lubricating oil composition comprising:
(a) a major amount of a lubricating oil,
(b) a diarylamine antioxidant, and

(¢) an amidine compound of Formula (I),
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Formula (I)
wherein R is hydrogen, an alkyl or an aromatic group containing 1-30 carbon
atoms; x is from 1 to 5; Y is an optional linking alkyl group; Z is carbon or
nitrogen; and R; is hydrogen or alkyl groups containing 1-30 carbon atoms.

10 In another embodiment of the present invention, there is provided a method for
lubricating an engine comprising lubricating the engine with a lubricating oil
composition comprising:

(a) a major amount of a lubricating oil,
(b) a diarylamine antioxidant, and
15 (¢) an amidine compound of Formula (I),

y—R,
/
S d
. |

Formula (I)

wherein R is hydrogen, an alkyl or an aromatic group containing 1-30 carbon
atoms; x is from 1 to 5; Y is an optional linking alkyl group; Z is carbon or

20 nitrogen; and R; is hydrogen or alkyl groups containing 1-30 carbon atoms.
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Also provided are lubricating oil compositions and additive concentrates comprising
above compounds, and methods for operating an internal combustion engine using said

lubricating oil compositions.

Definitions;

The following terms will be used throughout the specification and will have the
following meanings unless otherwise indicated.

The term “a major amount” of a base oil refers to where the amount of the base oil is
at least 40 wt. % of the lubricating oil composition. In some embodiments, “a major amount™
of a base oil refers to an amount of the base oil more than 50 wt.%, more than 60 wt.%, more
than 70 wt.%, more than 80 wt.%, or more than 90 wt.% of the lubricating oil composition.

In the following description, all numbers disclosed herein are approximate values,
regardless whether the word “about™ or “approximate™ is used in connection therewith. They

may vary by 1 percent, 2 percent, 5 percent, or, sometimes, 10 to 20 percent.

DETAILED DESCRIPTION OF THE INVENTION

In one embodiment, the present invention provides amidine compounds which
demonstrate antioxidant properties in lubricating oil compositions. In another embodiment,
the amidine compounds demonstrate synergistic antioxidant properties when used in
combination with other antioxidants in lubricating oil compositions.

Antioxidant synergism describes the effect or response of a combined use of two or
more antioxidants being greater than that of any individual antioxidant. Synergistic
antioxidant systems offer practical solutions to problems where using a single antioxidant is
inadequate to provide satisfactory results, or where the treatment level has to be limited due

to economic or environmental reasons.
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Amidine Compounds

In one embodiment, the present invention provides lubricating oil compositions which
comprise an amidine compound of Formula I, wherein R, is hydrogen, alkyl or aromatic
groups containing 1-30 carbon atoms; x is from 1 to 5; Y is an optional linking alkyl group; Z
is C or N; and R; is hydrogen or alkyl groups containing 1-30 carbon atoms.

Y/Rl

Formula I
The amidine compound can be made by a nucleophilic addition followed by an
elimination reaction between an aniline or an alkylated aniline and a cyclic compound with at
least one nitrogen next to the carboxyl group in the presence of phosphorus oxycholoride and
toluene as shown in Reaction 1, wherein R; is hydrogen, alkyl or aromatic groups containing
1-30 carbon atoms; x is from 1 to 5; Y is an optional linking alkyl group; Z is C or N; and R,

is hydrogen or alkyl groups containing 1-30 carbon atoms.

R4

/

N/Y

|
o N POCl; F N\
RZ\\/ / NH, & Y . | Y
z . Toluene N z )

cyclic compound A

Reaction I
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A method for preparing the amidine compound used in the present invention includes
the following steps. To a solution of a cyclic compound A (with at least one nitrogen next to
the carboxyl group) in Toluene, phosphorus (V) oxychloride was added dropwise at 0 °C.
The reaction was stirred at 0 °C for 2 hours. Aniline or alkylated aniline was added to the
solution in one portion. The reaction mixture was refluxed under stirring for 4 hours. The
organic layer was removed and the residue was dissolved in water. NaOH was added to
adjust the solution PH to 10. Ethyl acetate was added for the extraction. The organic layer
was collected, dried and removed. Optional purification step, e.g. flash-column
chromatography, is used to purify the crude product.

In some embodiments, the alkylated aniline includes, but is not limited to,
methylaniline, ethylaniline, propylaniline, butylaniline, pentylaniline, hexylaniline,
heptylaniline, octylaniline, nonylaniline, decylaniline, undecylaniline, dodecylaniline,
tridecylaniline, tetradecylaniline, pentadecylaniline, hexadecylaniline, heptadecylaniline,
octadecylaniline, nonadecylaniline, eicosylaniline, naphthylaniline, naphthalenamine,
anthrathenamine, naphthacenamine, pentacenamine, hexacenamine, heptacenamine. In one
embodiment, the alkylated aniline is 4-butylaniline. In another embodiment, aniline is used.

In some embodiments, the cyclic compound A includes, but is not limited to lactam,
piperidone, pyrrolidinone, pyrimidinone, imidazolidinone. In one embodiment, the cyclic
compound A is a g-caprolactam. In one embodiment, the cyclic amide is a valerolactam. In
one embodiment, the cyclic amide is N-methylcaprolactam. In one embodiment, the cyclic
compound A is N-methyl-2-piperidone. In one embodiment, the cyclic compound A is 1-
methyl-2-pyrrolidinone. In one embodiment, the cyclic compound A is 1-benzyl-2-

pyrrolidinone. In one embodiment, the cyclic compound A is 1,3-dimethyl-3,4,5.6-
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tetrahydro-2(1H)-pyrimidinone. In another embodiment, the cyclic compound A is 1,3-
dimethyl-2-imidazolidinone.

In certain embodiments, the amount of the amidine compound in the lubricating oil
compositions disclosed herein is at least about 0.01 wt. %, at least about 0.1 wt. %, at ieast
about 0.2 wi. %, at least about 0.4 wt. 9%, at least about 0.5 wt. %, at least about 1.0 wi. %, at
feast about 1.5 wi. %, at least about 2 wit. %, or ai least about 5 wt. %, based on the iotal
weight of the lubricating ol composttion. Tn one embodiment, the amount of amudine
compound in the lubricating oil composition is 0.01 to 10 wit%. In one embodiment, the
amount of amidine corpound in the lubricating o1l composition 1s 8.1 (o 10 wi%. In one
embodiment, the arsount of amidine corapound 1o the lubricating oil composition 15 0.1 t0 S
wi%. In one emboduvent, the amount of amidine compound i the lubricating oil
composition is from greater than 0.5 wi% to 5 wi%. In one embodiment, the amount of
arnidine compound n the lubricating o1l composition 1s 0.1 to 2 wi%. In one embodiment,
the amount of anudine compound in the lubricating o1l coraposition is from greater than 0.5

10 2 wi%.

Biaryiamine Compounds

In one embodiment, the hibricating oil compositions disclosed herein generally
comprise at least one diarviamine compound. Any diarvlamine compound that can reduce the
tendency of the base oil to deterioraie in service can be used. Some non-himiting examples of
suttable diarvlamine compound include diphenylamine, phenyl-o-naphthviamne, alkyiated
diarylamines such as alkviated diphenylamines and alkvlated phenvi-o-naphthylamines. In
soroe embodiments, the duarviamune coropound 1s an alkylated diphenylanmine. In some

ernbodiments, the diarvlamine compound is dipheoylarine. The diarviamine compound may
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be used alone or in combination with other lubricating oif additives including other

diarviamine compounds.

In one embodiment, the alkviated diphenvlamine compounds can be represented by

formula I

ZT

Z X
Ry)y =7 | | ——Ran

AN F

Formula I1
wherein each of R; and Ruis independently hvdrogen or an arylalkyi group having from about
7 to about 20, or from about 7 to about 10 carbons atoms; or a hinear or branched alkvl group
having from about | {o about 24 carbon atoms; and each of m and n 15 independently G, 1. 2,
or 3, provided that at least one aromatic ring contains an arylalkvl group or a linear or
branched alkyl group. In some embodiments, each of R; and Ry is independently an alky!
group containmg from about 4 to about 20, from abowt 4 to 16, from about 4 1o about 12
carbon atoms, or from about 4 to about & carbon atoms.

In some embodiments, the alkyvlated diphenviamine includes, but is not himited {o, bis-
nonylated diphenviamine, bis-octviated diphenyiamine, and octylated/buiviated
diphenylamine. In other embodiments, the alkviated diphenviamine comprises a first
compound of formula (11} where each of R; and Ry 15 independently octyl; and each of m and
nis 1. In further embodiments, the alkyvlated diphenviamine comprises a second compound of
Formula B where each of R; and Ry is independently butvl; and each of m and nis 1. In still
further embodiments, the alkvlated diphenviamine compnses a third compound of Formula [
where R; is octy] and Ry 15 butyl; and each of mand nis 1. In still Rther embodiments, the

alkviated diphenviamine comprises a fourth compound of Formula I where Ry s octyl mis

10
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2 and n 15 0. In still further embodiments, the alkyiated diphenyiamine comprises a fifth
compound of Formula H where R; s butvl; mis 2 and n 15 0. In certain embodiments, the
alkyialed diphenylamine comprises the first compound, second compound, third compound,
fowrth compound, fifth compound or a8 combination thereof.

In certain embodiments, the amount of the diarylamine compound, such as the
alkviated diphenviamines, i the lubricating o1l compositions disclosed herein is at least
about 0.01 wt. %, at least aboui .05 wi. %, at least about 0.1 wit. %, at least about 0.2 wi. %,
at least about 6.5 wi. %, at Jeasi about 0.8 wi. %, af leasi about 1.0 wi. 96, at least about 1.3
wi. %, al least about 2 wi. %, or at least about 5 wt. %, based on the total weight of the
tubricating oil composition. In one embodument, the amount of diarylanune compound i the
lubricating oil composition is (.01 o 10 wi%. In one embodiment, the amount of
diarviamine coropound in the lubricating o1l composition is 0.1 to 10 wi%. Inone
erobodiment, the amount of diarviarine compound in the lubticating oil composition s 0.2 o
10 wi%. In one embodiment, the armount of diarylanmune compound n the lubnicating oil
composifion is 8.1 10 S wi%. In one embodiment, the amount of diarviamine compound in
the tubricating o1l composition is 0.1 to 2 wi%. In one embodiment, the amount of
diarviamine compound in the lubricating ol composition is 0.1 to T wi%.

Molybdated compound

The molvbdenum-coniaining compoundemployed in the present invention may be
sutfurized or unsulfurized. It is generally characterized as an oxymolybdenum complex of a
Basic nitrogen compound. Such molybdenuny/sulfur complexes are known in the art and are
described, for example, in U.S. Pat. No. 4,263,152 1o King et al., the disclosure of which is
hereby incorporated by reference.

The structure of the molybdenum compositions emploved in this invention are not

known with certainty:; however, they are believed to be compounds in which molybdenum,

11
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whose valences are satisfied with atoms of oxvgen or sulfur, 15 etther complexed by, or the
salt of, one or more nitrogen atoms of the hasic nitrogen containing compound used in the
preparation of these compositions.

The molybdenum compounds used to prepare the oxymolybdenum and
oxvmoly bdenunm/sulfur complexes emiployved in the present nvention are acidic molybdenum
compounds. By acidic 13 meant that the molvbdenom compounds will react with a basic
nitrogen compound as measured by ASTM test D-664 or D-2896 titration procedure.
Typically these molybdenum compounds are hexavalent and are represented by the following
compositions: molvbdic acid, ammontum molybdate, sodnin mwolybdaie, potassim
molvbdate and other alkahine metal roolybdates and other molybdenum salts such as
hydrogen salis, e.g., hvdrogen sodium molybdate, MoOCl,, MoO,Br, M 0:Cl,,
molvbdenum trioxide or stmalar acidic molybdenum compounds. Preferved acidic
molybdenum compounds are roolybdic acid, aromonium molybdate, and alkalt woetal
molvbdates, Particulardy preferred are molybdic acid and aromonium molybdate.

The basic mirogen compound used to prepare the oxymolybdenum compleses have at
least one basic nitrogen and are preferably otl-soluble. Typical examples of such
compaosifions are succininudes, carboxylic acid anudes, hvdrocarbyl monoamunes,
hydrocarbon polvamines, Manunich bases, phosphoramides, thiophosphoramides,
phosphonamides, dispersant viscostly index improvers, and nuxtures thereof. Any of the
nifrogen-containing compostiions may be after-treated with, e.g., boron, using procedures
well known in the art so fong as the compositions continue to contain basic nitrogen. These
after-treatments are particularly applicable 1o succinimides and Mannich base compositions.

The mono and polysuccinimides that can be used to prepare the molybdenum
complexes described herein are disclosed in numerous references and are well known in the

art. Certain fundamental types of succinimides and the related matertals encompassed by the

12
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term of art “succinimide” are taught in U8, Pat. Nos. 3,219,666, 3,172,892, and 3,272,746,
the disclosures of which are hereby incorporated by reference. The term “succinimide™ i3
understood in the art to include many of the amide, tmide, and amidine species which may
also be formed. The predominant product however is a succimimide and this term has been
generally accepted as meaning the produact of 4 reaction of an alkenyl substituted succinic
actd or anhyvdride with a nitrogen-coniaining compound. Preferred succinimides, because of
their commercial availabilily, are those succintmides prepared from a hydrocarbyl succinic
anhydride, wherein the hydrocarbyl group contains from abowt 24 to about 350 carbon atoms,
and an ethylene amine, said ethyvlene amines being especially characterized by ethylene
diamine, diethylene trianune, triethyvlene tetramune, and tetracthyliene pertanune. Particularly
preferred are those succininudes prepared from polyisobuteny! succinic anhvdride of 70 (o
128 carbon atoms and tetraethylene pentanune or triethylene tetramune or mixtures thereof

Also included within the term “succiumide” are the co-oligomers of a hydrocarbyl
succinic acid or anhvdnde and a poly secondary amine containing at least one terhiary anuno
nitrogen in addition to two or more secondary amano groups. Ordinanily this composition has
between 1500 and 50000 average molecular weight. A typical compound would be that
prepared by reacting polvisobwenvl succinic anhydride and ethylene dipiperazine.

Carboxylic acid amide compositions are also suitable starting materials for preparing
the oxymolybdenum complexes emploved in thus invention. Typical of such compounds are
those disclosed in U.S. Pat. No. 3,405,004, the disclosure of which is hereby mcorporated by
reference. These compositions are ordimarily prepared by reaciing a carboxyviic acid or
anhydride or ester thereof, having at least 12 to about 350 aliphatic carbon atoms in the
principal aliphatic chain and, if desired, having sufficient pendant aliphatic groups to render
the molecule o1l soluble with an amine or a hydrocarbyi poiyamine, such as an ethylene

amine, o give a mono or polycarboxylic acid amide. Preferred are those amides prepared

13
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from (1} a carboxylic acid of the formula R'COOH, where R’ 15 Cippp alkyl or 2 mixture of
this actd with a polyisobutenyl carboxylic acid in which the polvisobutenvi group contains
from about 72 to 128 carbon afoms and {2} an ethviene amine, especially triethylens
tetramine or tetracthylene pentamine or mixtures thereof

Another class of compounds which are usefud n this invention are hvdrocarbyvl
monocaminegs and hydrocarbyl polvamines, preferably of the type disclosed in U.S. Pai. No.
3,574,576, the disclosure of which 1s hereby incorporated by reference. The hydrocarbyl
group, which is preferably allyl, or olefiruc having one or two sites of unsaturation, usually
contains from about 9 1o 350, preferably from abowut 20 to 200 carbon atoms. Particularly
preferred hydrocarbyl polyamines are those whach are derived, e.g., by reacting
polvisobutenyl chioride and a polvalkylene polyanune, such as an ethylene amine, eg.,
cthvlene dianune, diethylene tnamine, tetracthylene pentamine, 2-anunoethyipiperazine, 1,3~
propyvlene dianmune, 1,2-propylenediaromne, and the hike.

Another class of compounds usetul for supplving basic nitrogen are the Mannich base
compounds. These compounds are prepared from a phenol or Ceggo alkviphenal, an aldehyde,
such as formaldehvde or formaldehvde precursor such as paraformaldehvde, and an anmine
compound. The amine may be a mono or polyamune and typical compositions are prepared
from an alkylamine, such as methylamine or an ethylene amine. such as, diethviene trianune,
or tetraethylene pentamine, and the like. The phenolic material may be sulfurized and
preferablv is dodecyiphenol or a Cypa00 alkyiphenol. Typical Mannich bases which can be
used in this invention are disclosed in U.S. Pat. Nos. 4,157,309 and 3,649.229; 3,368 972;
and 3,539,663, the disclosures of which are hereby incorporated by reference. The last
referenced patent discloses Mannich bases prepared by reacting an alkyiphenol having at
least 50 carbon atoms, preferably 50 to 200 carbon atoms with formaldehyde and an alkylene

polyamine HN(ANHY,H where A 18 a saturated divalent alkyl hydrocarbon of from about 2 1o

14
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6 carbon atoms and n is from about 1-10 and where the condensation product of said alkviene
polyamine may be further reacted with urea or thiourea The utility of these Mannich bases as
starting materials for preparing lubricating oil additives can often be significantly improved
by treating the Mannich base using conventional techniques to introduce boron into the
composiion,

Another class of composition usefiuld for preparing the oxymolybdenom complexes
emploved i this invention are the phosphoranudes and phosphonamides sach as those
disclosed in U.S. Pat. Nos. 3,909,430 and 3,968,157, the disclosures of which are hergby
mcorporated by reference These compositions may be prepared by forming a phosphorus
compound having at least one P—N bond. They can be prepared, tor example, by reacting
phosphorus oxychloride with a hydrocarby! diol in the presence of a roonoarnine or by
reacting phosphorus oxychloride with a difunctional secondary arvine and a mono-~-functional
amine. Thiophosphoramides can be prepared by reacting an unsaturated hvdrocarbon
compound containing from about 2 to 450 or more carbon atorus, such as polvethylene,
polvisobuiviene, polypropvlene, ethvlene, 1-hexene, 1,3-hexadiene, isobutylene, 4-moethyl-1-
pentene, and the like, with phosphorus pentasulfide and a nitrogen-containing compound as
defined above, particularly an alkylamine, alkyldiamine, alkylpolvaniune, or an
alkvleneamune, such as ethylene diamine, diethylenetriamine, tniethylenetetramine,
tetraethylenepeniamine, and the like.

Another class of nitrogen-containing compositions useful in preparing the
molvbdenum complexes emploved in this invention includes the so-calied dispersant
viscosity index improvers (VI improvers). These VI improvers are commonly prepared by
functionalizing a hvdrocarbon polymer, especially a polymer derived from ethviene and/or
propylene, optionally containing additional units derived from one or more co-monomers

such as alicyclic or aliphatic olefins or diolefins. The functionalization may be carried out by

15



10

15

20

25

WO 2017/074672 PCT/US2016/055664

a variety of processes which introduce a reactive site or sites which usually has at least one
oxygen atom on the polymer. The polymer 1s then contacted with a nifrogen-containing
source to introduce nitrogen-containing functional groups on the polymer backbone.
Commonly used nitrogen sources include any basic nitrogen compound especially those
nitrogen-containing compounds and compositions described herein. Preferred nitrogen
sources are alkylene amines, such as ethylene amines, alkyl amines, and Mannich bases.

Preferred basic nitrogen compounds for use 1n this invention are succinirides,
carboxylic acid amides, and Mannich bases. More preferred are succinimides having an
average molecular weight of 1000 or 1300 or 2300 and mixtures thereof. Such sucemimides
can be post treated with boron or ethvlene carbonate as known 1o the art.

The oxymolybdenum complexes of this mvention can also be sulfurized.
Representative sulfur sources for preparing the oxymolybdenum/sulfur complexes used in
this 1ovention are sulfur, hydrogen suifide, sulfur monochloride, sulfur dichloride,
phosphorus pentasulfide, R"»~8; where R” is hyvdrocarbyl, preferably Cryealkyl, and x5 at
least 2, inorganic sulfides and polysulfides such as (NHi 1S, where v is at least 1,
thicacetamide, thiourea, and mercaptans of the formula R"SH where R” is as defined above,
Also useful as sulfurizing agenis are traditional sulfur-containing antioxidants such as wax
sulfides and polvsulfides, sulfurized olefing, sulfurized carboxylic and esters and sulfurized
ester-olefing, and sulfurized alkylphenols and the metal salis thereof,

Sulfurized atkv! phenols and the metal salts thereof include compositions such as
sulfurized dodecylphenol and the calcium salts thereof The alkvl group ordinarily contains
from about © to 300 carbon atoms. The metal salt mav be preferably, a Group { or Group H
salt, especially sodium, calcium, magnesium, or barium.

Preferred sulfur sources are sulfur, hydrogen sulfide, phosphorus pentasuifide, R',8,

where R'" is hyvdrocarbvi, preferably C-Cyo alkyl, and 7 is at least 3, mercaptans wherein R'
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is - alkyl, inorganic sulfides and polysulfides, thicacetamide, and thiourea Most
preferred subfur sources are suffur, hydrogen sulfide, phosphorus pentasulfide, and inorganic
sulfides and polysulfides.

The polar promoter used in the preparation of the molvbdenum complexes employed
in this invention ts one which facilitates the interaction between the acidic molybdenum
compound and the basic nitrogen compound. A wide variety of such promolers are well
known to those skilled in the art. Typical promoters are 1 3-propanediol, 1,4-bulane-dicl,
diethylene glycol, butyl cellosolve, propylene glycol, 1,4-butyleneglycol, methyl carbitol,
ethanolamine, diethanolamine, N-methvi-diethanol-amine, dimethyl formamide, N-methyl
acetamide, dimethyl acetamide, methanol, ethvlene glyeol, dimethyl sulforxade, hexamethyl
phosphoramide, tetrabydrofuran and water. Preferved are water and ethvlene glyveol.
Particularly preferred 15 water,

While ordinarily the polar promoter is separately added to the reaction mixture, it may
also be present, particularly 1o the case of water, as a component of non-anhydrous starting
materials or as waters of hydration 1o the acidic molvbdenum compound, such as
{(NH4)eMoyOne HoO. Water may also be added ags ammonium hydroxide.

A method for preparing the oxvmolybdenum complexes used in this invention is to
prepare a soiution of the acidic molvbdenum precursor and a polar promoter with a basic
nitrogen-containing compound with or without diluent. The diluent is used, if necessary, (o
provide a suitable viscosity for easy stirring. Tymcal diluents are lubricating ol and hiquid
compounds containing only carbon and hvdrogen. If desired, ammonium hydroxide may also
be added to the reaction muxture to provide a solution of ammonium molybdate. This reaction
is carried out at a varigty of temperatures, typically at or below the melting point of the
mixiure to reflox femperature. It 15 ordinanly carried out at atmospheric pressure aithough

higher or lower pressures may be used if desired. This reaction nuxtiwe mav optionally be
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treated with a subfur source as defined above at a suitable pressure and temperature for the
sutfur source to react with the acidic molvbdenum and basic nitrogen compounds. In some
cases, removal of water from the reaction nuxture may be desirable prior to completion of
reaction with the sulfur source.

In a preferred and improved method {or preparing the oxymolybdenmum complexes,
the reactor 1s agitated and heated at a temperature less than or equal 1o about 120° €,
preferably from about 70° C. to about 90° C. Molvbdic oxide or other suitable molybdenam
source 15 then charged {0 the reactor and the {ernperature is mainiained at a femperature less
than or equal to about 120° €, preferably at about 70° C. to about 90° €., until the
molvbdenum 1s sufficiently reacted. Excess water 1s removed {rom the reaction nuxture,
Removal methods include but are not bimited to vacuum distillation or nitrogen stripping
while maintaiming the temperature of the reactor at a teraperature less than or equal to about

207 C., preterably between about 70° C. to about 90° C. The teroperature during the
stripping process is held at a temperature less than or equal to about 120° C. to maimtain the
fow colot mtensity of the molvbdenum-contairung composition. It 1s ordinardy carried out at
atmospheric pressure aithough higher or lower pressures may be used. The stripping step is
typically carried out for a period of about 0.5 to abowt 5 hours.

If desired, this product can be sulfurized by treating this reaction mixture with a sulfur
source as defined above at a suitable pressure and temperature, not to exceed about 120° C.
for the subfur source to react with the acidic molvbdenum and basic nitrogen compounds. The
sulfurization step is typically carried out for a period of from about $.5 to about 5 hours and
preferably from about 0.5 to about 2 howrs. In some cases, removal of the polar promoter
{(water} from the reaction mixture may be desirable prior to completion of reaction with the
sulfur source. The oxymolybdenum complex and oxymeoly bdenunvsulfur complex produced

by such method 1s lighter in color (when compared to complexes prepared at higher
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temperatures) while maintaining good fuel economy, excellent oxidation inhibttion, and anti-
wear performance gualities. Color m this instance can be more visibly or more gquantifiably
using a UV spectrophotometer such as a Perkin-Elmer Lambda 18 UV-Visible Double-Beam
Spectrophotometer. As used herein, this test recorded the visible spectra of molybdenum
composifions at a constant conceniration in an isooctane solvent. The spectva represent the
absorbance intensity plotted versus the wavelength in nanometers. The spectra extend from
the visible region into the near infrared region of the electromagnetic radiation {350
nanometers to 900 nanometers). In this test, the highly colored samples showed increasingly
higher absorbance at increasingly higher wavelengths at a constant molvbdenum
concentration. The preparation of the sample for color measurerment coraprises diuting the
molybdenum-containing cormpostiion with 1sooctane to achieve a constant molybdenum
concentration of 0.00025 ¢ molybdenurn per gram of the molvbdenur-containing
composition/isooctane nuxture. Prior to sarople measurement the spectrophotometer 1s
referenced by scanning air versus air. The UV visible spectrum from 350 nanometers o 900
nanometers 1s obtained using a one centimeter path-length quartz cell versus an air reference.
The spectra are offset corrected by setting the 867 nanometer absorbance to zero. Then the
absorbance of the sample is deternuned at 350 nanometers wavelength.

Characteristics of these new oxvmolvbdenuny/sulfur complexes are disclosed in U S,
patent application Ser. No. 10/159,4446 filed May 31, 2002, entitled REDUCED COLOR
MOLYBDENUM-CONTAINING COMPITION AND A METHOD OF MAKING SAME,
incorporated herein by reference in its entirety.

in the reaction mixture, the ratio of molybdenum compound fo basic nitrogen
compound is not critical; however, as the amount of molybdenum with respect to basic
nitrogen increases, the {iltration of the product becomes more difficult. Since the

molvbdenum component probably oligomerizes, it is advantageous to add as much
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molybdenum as can easily be maintained in the composition, Usually, the reaction mixiure
will have charged to it from about 0.01 to 2.00 atoms of molybdenum per basic nitrogen
atom. Preferably from about 0.3 to 1.0, and most preferably from about 0.4 10 0.7, atoms of
molvbdenum per atom of basic nitrogen is added to the reaction mixture.

When optionally sulfurized, the sulfurized oxymolvbdenum containing compositions
may be generally characterized as a sulfur/molybdemmm complex of a basic nitrogen
dispersant compound preferably with a sulfor to molvbdenum weight ratio of from about
(0.01 o 1.0} to 1 and more preferably from about (0.05 10 0.5) to 1 and a nitrogen {o
moly bdenum weight ratio of from about {1 to 10) to | and more preferably from about (2 to
Syto 1. For extremely low sulfur incorporation the sulfur to molybdeoum weight ratio can be
from about {001 1o 0.08) o 1.

The oxymolybdenum-containing complex comprises fror about 0.02 to 10 wi % and
preferably from about 0.1 to 2.0 wt %, based on the total weight of the lubnicating ol
composition,

If desired, other additives known in the art may be added to the lubricating oil
basestock. Such additives include dispersants, detergents, antiwear agents, extreme pressure
agents, antioxidants, rust inhibitors, corrosion inhibitors, pour point depressants, viscosity
index improvers, other friction modifiers and the like.

ADDITIONAL LUBRICATING OIL ADDITIVES

Optionally. the fubricating oif composition may further comprise at least an additive
or a modifier (hereinafter designated as “additive™) that can impart or improve any desirable
property of the lubricating oil composition. Any additive known to a person of ordinary skill
in the art may be used in the {ubricating o1l compositions disclosed herein. Some suitable
additives have been described in Mortier et al., “Chemistry and Technology of Lubricants,”

2nd Edition, London, Springer, (1996); and Leshie R. Rudmick, “Lubricant Additives:
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Chemistry and Applications,” New York, Marcel Dekker (2003), both of which are
incorporated herein by reference. In some embodiments, the additive can be selected from the
group consisting of antioxidants, antiwear agents, detergenis, rust inhibitors, demulsifiers,
friction modifiers, multi-functional additives, viscosity index improvers, pour point
depressants, foam inhibilors, metal deactivators, dispersants, corrosion inhibitors, fubricity
unprovers, thermal stability improvers, anti-haze addifives, icing inhibitors, dves, markers,
static digsipaiers, biocides and combinations thereof. In general, the concentration of each of
the additives in the tubricating oil composition, when used, may range from about 0.001 wt.
% to about 1Q wt. %, from about 0.01 wt. % to about 5 wt. %, or from about 0.1 wt. % to
about 2.5 wi. %, based on the total weight of the lubricating ol cormposttion. Further, the
total amount of the additives i the lubricating ol cornposition may range from about 0.001
wt. % to about 20 wt. %, from about 0.01 wt. % to about 10 wit. %, or from about 0.1 wi. % to
about 5 wi. %, based on the total weight of the lubricating o1l composition.

The lubricating ol composition disclosed herein can optionally comprise an anti-wear
agent that can reduce friction and excessive wear. Aoy anti-wear agent known by a person of
ordinary skill in the art may be used in the lubricating oil composition. Non-hmiting
examples of suitable anti-wear agents mclude 7inc dithiophosphate, metal (2. g., Pb, §h, Mo
and the hke) salts of dithiophosphate, metal {e.g., Zn, Pb, 8b, Mo and the hike) salis of
dithiocarbamate, metal (e.g, Zn. Pb. Sb and the like) salts of faity acids, boron compounds,
phosphate esters, phosphite esters, amine salts of phosphoric acid esters or thiophosphoric
acid esters, reaction products of dicvciopentadiene and thiophosphoric acids and
combinaiions thereof The amount of the anti-wear agent may vary from about 0.01 wi % (o
about 5 wi. %, from about ¢.05 wi. % to about 3 wt. %, or from about 0.1 wi. % 1o abowt §
wt. %, based on the total weight of the fubricaiing oil compaosition. Some swiable anti-wear

agents have been described m Leshie R Rudnick, “Lubricant Additives: Chemistry and
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Applications.” New York, Marcel Dekker, Chapter &, pages 223-258 {2003}, which is
incorporated herein by reference.

in certain embodiments, the anti-wear agent is or comprises a dihydrocarbyi
dithiophosphate metal salt, such as zing diatkyl dithiophosphate compounds. The metal of the
dihvdrocarbyl dithiophosphate metal salt may be an alkah or alkaline earth metal, or
alumimum, lead, tin, molybdenum, manganese, nickel or copper. In some embodiments, the
metal 1s zinc. In other embodiments, the alkyl group of the dihvdrocarbyl dithiophosphate
metal salt has from about 3 to about 22 carbon atoms, {rom about 3 1o about 13 carbon atoms,
from about 3 1o about 12 carbon atoms, or from about 3 to about 8 carbon atoms. In further
embodiments, the alky! group 1s binear or branched.

The amount of the dihvdrocarbyl dithiophosphate metal salt including the zinc dialkyl
dithiophosphate salts in the hubricating oil composition disclosed herein 1s measured by us
phosphaosphorus content. In some ervbodiroents, the phosphosphorus content of the
tubricating ot composition disclosed herein 15 from about 0.01 wi. % to about 0.12 wt. %,
from about .01 wi. % to about 0.10 wi. %. or from about 0.02 wi. % to about 0.08 wt. %,
based on the total weight of the lubricating ot composition.

In one embodiment, the phosphorous content of the lubricating o1l compostiion herein
is from about 0.01 to 0.08 wi % based on the total weight of the lubricating ol composition.
Inn another embodiment, the phosphorous content of the lubricating otl composition herein is
from about 0.05 10 0.12 wi % based on the total weight of the lubricating otl composition.

The dihydrocarbyl dithiophosphate metal sali may be prepared in accordance with
known techniques by first forming a dihvdrocarbyl dithiophosphoric acid (DDPA), usually by
reacting one or more of alcohols and phenoclic compounds with P,8; and then neutralizing the
formed BDPA with a compound of the metal, such as an oxide, hydroxide or carbonate of the

metal. In some embodiments, a DDPA may be made by reacting mixtures of primary and
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secondary alcohols with P,Ss. In other embodiments, two or more dihydrocarbyl
dithiophosphoric acids can be prepared where the hydrocarbyl groups on one are entirely
secondary in character and the hydrocarbyi groups on the others are entirely primary in
character. The zinc salis can be prepare from the dihvdrocarby! dithiophosphoric acids by
reacting with a zinc compound. In some embodiments, a basic or a neuatral zinc compound is
used. In other embodiments, an oxade, hyvdroxide or carbonate of sinc 15 used.

In some embodiments, oil soluble zinge dialkyvi dithiophosphates may be produced

from dialkyl dithiophosphoric acids represented by formuda (IH):

R3O ORY,

\p(
HS/? \\\S
Formula (1)

wherein each of R and R’ is independently linear or branched alky1 or linear or

branched substituied alkyi In some embodimenis, the alky! group has from about 3 {0

about 30 carbon atorns or from about 3 to about 8 carbon atorus.

The dialkyldithiophosphoric acids of forraula () can be prepared by reacting
alcohols RPOH and R*OH with P,Ss where R and R* are as defined above. In some
embodiments, R and R* are the same. In other embodiments, R’ and R* are different. In
further embodiments, R7OH and R'OH react with P,Ss simultaneously. In stifl further
embodiments, R'OH and R*OH react with P,Ss sequentialiy.

Mixtures of hydroxyl alkyl compounds may also be used. These hydroxy! alkyvi
compounds need not be monchvdroxy alkvl compounds. In some embodiments, the
diatkvidithiophosphoric acids is prepared from mono-, di-, iri-, tetra-, and other polvhydroxy
atkvl compounds, or mixtures of two or more of the foregomng. In other embodiments, the

zing dialkyldithiophosphate dertved from only primary alkyi alcohols 5 derived from a single
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primary alcohol. In further embodiments, that single primary alcohol is Z-ethylhexanol In
certain embodiments, the zine dialkyldithiophosphate derived from only secondary alkyl
alcohols. In further embodiments, that mixture of secondary alcohols is a mixture of 2-
butanol and 4-methyl-Z-pentanol.

The phosphorus pentasulfide reactant used in the diatkyidithiophosphoric acid
formation step may contain certain amounis of one or more of P2Ss, B4S;, Py, or PySs.
Compositions as such may also contain munor amounts of free sulfur. In certain
embodiments, the phosphorus pentasulfide reactant is substantially free of any of P53, P4Ss,
PiSs, and PySy. In cerlain embodiments, the phosphorus pentasulfide reactant 1s substantially
free of free sulfur,

in the present invention, the sulfated ash content of the total lubricating oil
composition 18 about 5 wt. %, about 4 wi. %, about 3 wi. %, about 2 wit. %, or about 1 wi. %,
as measured according to ASTM D874,

In some embodiments, the lubricating ot composition comprises at least a detergent.
Any compound or a mixture of compounds that can reduce or slow the buld up of engine
deposiis can be used as a detergent. Some non-himiting examples of suitable detergents
include polyolefin substituted succimimudes or succinamides of polyamines, for instance
polyisobutylene succinimides or polvisobutylens amine succinamides, aliphatic amines,
Manmnich bases or amines and polyolefin {e.g. polyisobulviene) maleic anhvdrides. Some
sutiable succimimide detergents are described in GBY60493, EPO147240, EP0482253,
EP0G13938, EPOSS7561 and WO 98/42808, all of which are incorporated herein by
reference. In some embodiments, the detergent is a polvolefin substituted succimimide such as
polyisobutyiene succimimide. Some non-limuting examples of commercially available
detergent additives include F7661 and F7685 (available from Infineum, Linden, WN.1} and

OMA 41305 {available from Octel Corporation, Manchester, UK).
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Some non-limiting examples of swutable metal detergent mchude sulfurized or
wnsutfurized alkyvl or alkenyl phenates, alkyvi or alkenvl aromatic sulfonates, borated
sutfonates, sulfirized or unsulfurized metal salts of multi-hydroxy alkyi or alkenv! aromatic
compounds, alkvl or alkenvl hydroxy aromatic suifonates, sulfurired or unsulfunized alkyl or
atkenvi naphthenates, metal salts of alkanoic acids, mwetal salts of an alkyl or alkenyl
multiacid, and chemical and physical mixtures thereof. Gther non-limiting examples of
suitable metal detergents include metal sulfonates, phenates, salicvlates, phosphonates,
thiophosphonates and combimations thereof. The metal can be any ruetal suitable for making
sulfonate, phenate, salicylate or phosphonate detergents. Non-limiting examples of sutiable
metals include alkali metals, alkaline metals and transition metals. In some embodiments, the
metal 1s Ca, Mg, Ba, K, Na, Li or the like,

Generally, the amount of the detergent 15 from about 0.001 wi. % 1o about 5 wi. %,
from about 0.05 wi. % to about 3 wt. %, or from about 0.1 wi. 96 to about 1 wi. %, based on
the total weight of the lubricating oil coraposition. Some suitable detergents have been
described i Mortier et al., “Chemisiry and Technology of Lubricants . 2nd Edition, London,
Springer, Chapter 3, pages 75-85 (1996}); and Leslie R Rudwmck, “Lubricant Additives:
Chemistry and Applications,” New York, Marcel Dekker, Chapter 4, pages 113-136 (2003},
both of which are incorporated herein by reference.

The lubricating oil composition disclosed herein can optionally comprise a dispersant
that can prevent sludge, vamish, and other deposits by keeping particles suspended in a
colioidal state. Any dispersant known by a person of ordinary skill in the art may be used in
the tubricating o1l composition. Non-limiting examples of switable dispersants inchude alkenyl
succinimides, alkenyl succinimides modified with other organic compounds, alkenyi
succinimides modified by post-treatment with ethylene carbonate or boric acid, succiamides,

succinate esters, succinate esier-amides, pentaerythritols, phenate-salicylates and their post-
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treated analogs, alkali metal or mixed alkali metal, atkaline sarth metal borates, dispersions of
hydrated alkali metal borates, dispersions of alkaline-earth metal borates, polyvamide ashless
dispersants, benzylamines, Mannich type dispersants, phosphorus-contaiming dispersants, and
combinations thereof. The amount of the dispersant may vary from about 0.01 wi. % io about
10 wt. %, from about 0.05 wi. % to about 7 wt. %, or from about 0.1 wi. 96 10 aboui 4 wi. %,
based on the total weight of the lubricating ¢if composition. Some suitable dispersanis have
been described in Mortier et al., “Chemistry and Technology of Lubricanis,” 2nd Edition,
London, Springer, Chapter 3, pages 86-90 {1996}, and Leshie R. Rudnick, “Lubricant
Additives: Chemistry and Applications,” New York, Marcel Dekker, Chapter 5, pages 137-
170 2003), both of which are incorporated herein by reference.

The lubricating o1l composition disclosed herein can optionally comprise a friction
maodifier that can lower the friction between moving parts. Any friction modifier known by a
person of ordinary skill in the art roay be used in the lubricating oil composiion. Non-
lirniting exaroples of suitable friction modifiers include fatiy carboxyvlic acids; derivatives
{e.g., alcohol, esters, horated esters, amides, metal salts and the hike) of fatty carboxylic acid;
mono-, di- or ini-alkyl substituted phosphoric acids or phosphonic acids; denvatives (a.g.,
esters, amides, metal salts and the like) of mono-, di- or tri-alkyi substituted phosphoric acids
or phosphoric acids; mono-, di- or tri-alkyl substituted anunes; mono- or di-alkyl substituted
amides and combinations thereof. In some embodiments, the friction modifier 1s selected
from the group consisting of aliphatic anmunes, ethoxylated aliphatic amines, aliphatic
carboxylic acid amides, ethoxviated aliphatic ether amines, aliphatic carboxylic acids,
glveerol esters, afiphatic carboxvlic ester-amides, faity imidazolines, fatiy tertiary amines,
wherein the aliphatic or fatty group contains more than about eight carbon afoms so as {0
render the compound suitably o1l soluble. In other embodiments, the friction modifier

comptises an aliphatic substituted succinimide formed by reacting an aliphatic succinic acid
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or anhydnde with ammonia or a primary amine. The amount of the friction modifier may
vary from about 0.01 wi. % to about 10 wt. %, from about .05 wi. % to about 5 wit. %, or
from about ¢.1 wit. % to about 3 wi. %, based on the total weight of the lubricating oil
composition. Some sintable friction modifiers have been described in Mortier et al
“Chemistry and Technology of Lubricants |7 2nd Edition, London, Springer, Chapter 6, pages
183-187 (1996); and Leslie R, Rudmick, “Lubricant Additives: Chemistrv and Applications,”

MNew York, Marcel Deliker, Chapters 6 and 7, pages 171-222 (2003), both of which are
meorporated herein by reference.

The lubricating oil composition disclosed herein can optionally comprise a pour point
depressant that can tower the pour point of the lubricating oil composition. Any pour poud
depressant known by a person of ordinary skill in the art may be used 1o the lubricating od
composttion. Non-limting exaroples of suitable pour pount depressants include
polvmethacrylates, alkvl acryvlate polyrmers, alkyl methacrylate polyroers, di(tetra-paraffin
phenoliphthalate, condensates of tetra-paraffin phenol, condensates of a chlorinated paraffio
with naphthalene and combmations thereof. In some embodiments, the pour point depressant
comprises an ethylene-vinyl acetate copolymer, a condensate of chlorinated paraffin and
phenol, polyvalkyl styrene or the like. The amount of the pour point depressant may vary from
about 0.01 wi. % to about 10 wt. %, from about .05 wt. % to about 5 wt. %, or from about
0.1 wt. % to about 3 wt. %, based on the total weight of the lubricating o1l composition. Some
sutiable pour point depressants have been described m Mortier et al., “Chemistry and
Technology of Lubricants,” 2nd Edition, London, Springer, Chapter 6, pages 187-189 (1996);
and Leslie R Rudnick, “Lubricant Additives. Chemisiry and Applications.” New York,
Marcel Dekker, Chapter 11, pages 329-354 (2003), both of which are incorporated herein by

reference.
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The lubricating oil composition disclosed herein can optionally comprise a
demuisifier that can promote oil-water separation in lubricating oil compaositions that are
exposed 1o water or steam. Any demulsifier known by a person of ordinary skiil in the art
may be used in the hubricating oil composition. Non-limiting examples of suitable
demulsifiers include anionic surfactants {e.g., alkvi-naphthalene sulfonaies, alkyl benzene
sulfonates and the like), nonionic alkoxylated alkyiphenol resing, polymers of alkylene oxides
{e.g.. polvethylene oxide, polyvpropvlene oxide, block copolymers of ethviene oxide,
propylene oxide and the like), esters of oil scluble acids, polyoxyethylene sorbiian ester and
combinations thereof. The amount of the demulsifier may vary from about 0.01 wt. % to
about 10 wt. %, from about .05 wt. % to about 5 wi %, or from about 0.1 wi. % 1o about 3
wi. %, based on the total weight of the lubricating oil composition. Sore suitable
demulsifiers have been described in Mortier et al, “Chemistry and Technology of
Lubricants,” 2nd Edition, London, Springer, Chapler 6, pages 190-193 (1996}, whach 15
meorporated herein by reference.

The lubricating o1l composition disclosed herein can optionally comprise a foam
inhibitor or an anti-foam that can break up foams n otls. Any foam mhibitor or anti-foam
known by a person of ordinary skili in the art may be used in the lubricating oil composition.
Non-limiting exampies of suitable anti-foarms include silicone oils or polvdimethvisiloxanes,
flucrosilicones, atkoxylated aliphatic acids, polyethers {e.g., polvethviene glvcols), branched
polyvinyl ethers, alkyl acrylate polymers, alkyl methacrviate polymers, polyalkoxyamines
and combinations thereof. In some embodiments, the anti-foam comprises glycerol
monostearate, polvglycol palmitate, a trialkyl monothiophosphate, an ester of sulfonated
ricinoleic acid, benzovlacetone, methyl salicylate, glycerol monooleate, or glycero! dioleate.
The amount of the anti-foam may vary from about 0.01 wit. % to about 5 wit. %, from about

(.05 wt. % to about 3 wt. %, or from about 0.1 wt. % to aboui 1 wt. %, based on the total
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weight of the lubricating o1l composition. Some suitable anti-foams have been described in
Mortier et al |, “Chemisiry and Technology of Lubricanss,” Znd Edition, London, Springer,
Chapter 6, pages 190-193 (1996}, which is mncorporaied herein by reference.

The hubricating oil composiiion disclosed herein can optionally comprise a corrosion
jahibitor that can reduce corrosion. Any corrosion inhibitor known by a person of ordinary
skill i the art may be used in the hubricating oil composition. Non-limiting examples of
suitable corrosion inhibilor include half esters or anides of dodecyisuccinic acid, phosphate
esters, thiophosphates, alkyl imidazolines, sarcosinegs and combinations thereof. The amount
of the corrosion inhibitor may vary from about 8.01 wit. % {0 about S wt. %, from about 0.08
wt. % to about 3 wi. %, or from about 0.1 wi. % to about 1 wt. %, based on the total weight
of the Jubricating ol composition. Sorme suitable corrosion 1ohibitors have been described
Mortier et al., “Chemistry and Technology of Lubricants.” Znd Fdition, London, Springer,
Chapter 6, pages 193-196 (1996}, which 15 incorporated herein by reference.

The lubricating ol composition disclosed herein can optionally coroprise an extrene
pressure (EP) agent that can prevent shiding metal surfaces from seizing under conditions of
exireme pressure. Any extreme pressure agent known by a person of ordinary skill in the art
may be used in the lubricating oil cornposition. Generally. the extreme pressure agentis a
compound that can combine chemically with a metal to forn a surface film that prevents the
welding of asperities in opposing metal surfaces under high loads. Non-hinuting exampies of
suttable exireme pressure agends include sulfurized animal or vegetable fats or oils, sulfurized
animal or vegetable fatty acid esters, fully or partially esierified esters of trivalent or
pentavalent acids of phosphorus, sulfwrized olefins, dihydrocarbyl polysuifides, solfunized
Diels-Alder adducts, sulfurized dicyvclopentadiene, suffurized or co-sulfurized mixtures of
fatty acid esters and monounsaturated olefins, co-sulfurized blends of fatty acid, fatty acid

ester and alpha-olefin, functionally-substituted dihydrocarbyl polysulfides, thia-aldehydes,
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thia-keiones, epithio compounds, sulfur-containing acetal dertvatives, co-sulfurized blends of
terpene and acychic olefing, and polysulfide olefin products, amine salts of phosphoric acid
esters or thiophosphoric acid esters and combinations thereof The amount of the extreme
pressure agent may vary from about 0.01 wi. % to about 5 wi. %, from about 0.05 wt. % to
about 3 wi. %, or from about 0.1 wi. % to about 1 wt. %, based on the total weight of the
tubricating oil composition. Some suitable extreme pressure agents have been described in
Leslie R Rudmick, “Lubricant Additives: Chemistry aond Applications,” New York, Marcel
Dekkeer, Chapter 8, pages 223-258 (2003), which is incorporated herein by reference.

The lubricating oil composition disclosed herein can optionally comprise a rust
mnhibitor that can inhibit the corrosion of ferrous metal surfaces. Any rust inhibuior known by
a person of ordinary skill i the art roay be used m the lubricating oil composition. Non-
timiting examples of switable rust mhibitors include oil-soluble monocarboxvlic acids (e.g., 2-
ethyihexanoic acid, lauric acid, myvristic acid, palmitic acid, oleic acid, linoleic anid, hnolenic
acid, behenic acid, cerotic acid and the hike), otl-soluble polycarboxylic acids {e. g, those
produced fromtall o1l fatty acids, oleic acid, linoleic acid and the like), alkenvisuccinic acids
in which the alkeny! group contains 10 or more carbon atoms {e.g., tetrapropenyisuccinic
acid, tetradecenyisuccinic acid, hexadecenvisuccinic acid, and the like); long-chamn
alpha,omega-dicarboxylic acids having a molecular weight in the range of 600 to 3000
daltons and combinations thereof. The amount of the rust inhubitor may vary from about 0.01
wt. % to about 10 wi. %. from about 0.05 wt. %% to about 5 wi. %. or from about 0.1 wi. % to
about 3 wit. %, based on the total weight of the lubnicating oil composition.

Other non-limiting examples of suitable rust inhibitors include nonionic
polyoxvethylene surface active agents such as polvoxyvethylene lauryl ether, polyoxyethylene
higher alcohol ether, polvoxvethvlene nonyl phenvl ether, polyoxyethylene octyl phenyl

ether, polvoxyethviene ocivl stearyl ether, polyoxyethylene olevi ether, polvoxvethylene
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sorbitol monosiearate, polyoxyethylene sorbitol mono-oleate, and polvethviene glycol mono-
sleate. Further non-himiting exampies of suitable rust mhibitor include stearic acid and other
fatty acids, dicarboxvlic acids, metal soaps, faity acid amine salis, metal salts of heavy
sutfonic acid, partial carboxylic acid ester of polyhydric alcohol, and phosphoric ester.

In certain embodiments, the lubricating ol composttion comprises at least a viscosity
mndex improver. Sorse non-limiting examples of suntable viscosity index improvers include
polymethacrylate iype polymers, ethylene-propylene copolvmers, siyrene-isoprene
copolymers, hydrated siyrene~isoprene copolymers, polyisobuiviens, and dispersant type
viscosily index improvers.

In some embodiments, the lubricating oil composition comprises at feast a metal
deactivator. Some non-limtting exarples of suitable metal deactivators juclude disalicyhdene
propyienedianune, friazole denivatives, thiadiazole derivatives, and roercaptobenzimidazoles.

The additives disclosed herein may be 1u the form of an additive concentrate having
more than one additive. The additive concenirate may comprise a suitable diduent, such as a
hydrocarbon o1l of suttable viscosity. Such diluent can be selected from the group consisting
of natural oils {e.g., mineral oils), synthetic oils and combmnations thereof. Some non-limiting
examples of the mineral oils include paraffin-based oils, naphthenic-based oils, asphaltic-
based oils and combinations thereof. Some non-limiting examples of the synthetic base oils
inchude polyolefin oils (especially hvdrogenated alpha-olefin oligomers}, alkviated aromatic,
polyalkviene oxides, aromatic ethers, and carboxylate esters {(especially diester otls) and
combinations thereof. In some embodiments, the diluent is a ight hyvdrocarbon oil, both
natural or synthetic. Generally, the difuent oif can have a viscosity from about 13 centistokes
to about 35 centistokes at 40° .

Each of the foregoing additives, when used, is used at a functionally effective amount to

impart the desired properties to the lubricant. Thus, for example, if an additive is a friction
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modifier, a functionally effective amount of this friction modifier would be an amount
sufficient to impart the desired friction modifying characteristics to the lubricant. Generally,
the concentration of each of these additives, when used, may range, unless otherwise
specified, from about 0.001 wt.% to about 10 wt.%, in one embodiment from about 0.005
wt.% to about 5 wt.%, or in one embodiment from about 0.1 wt.% to about 2.5 wt.%, based
on the total weight of the lubricating oil composition. Further, the total amount of the
additives in the lubricating oil composition may range from about 0.001 wt.% to about 20
wt.%, from about 0.01 wt.% to about 10 wt.%. or from about 0.1 wt.% to about 5 wt.%, based

on the total weight of the lubricating oil composition.

The additives disclosed herein may be in the form of an additive concentrate having
more than one additive. The additive concentrate may comprise g sutlable diluent, such as a
hydrocarbon otl of suitable viscosity. Such diluent can be selected from the group consisting
of natural oils {e.g., mineral 0ils), synthetic oils and combinations thereof Some non-limiting
exarmnples of the mineral oils include paratfin-based oils, naphthenic-based oils, asphaltic-
based oils and combinations thereof. Some non-limiting examples of the synthetic base oils
melude polyvolefin oils {especially hyvdrogenated alpha-olefin ohgomers), alkvlated aromatic,
polvalkviene oxides, aromatic ethers, and carboxylate esters {especially diester oils) and
combinations thereof. In some embodiments, the diluent 1s a hight hvdrocarbon oi, both
natural or synthetic. Generally, the dituent o1l can have a viscosity from about 13 centistokes

to about 35 centistokes at 40° C.

Generally, it is desired that the diluent readily solubilizes the lubricating oil soluble
additive of the invention and provides an oil additive concentrate that is readily soluble in the

lubricant base oil stocks or fuels. In addition, it is desired that the diluent not introduce any
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undesirable characteristics, including, for example, high volatility, high viscosity, and
impurities such as heteroatoms, to the lubricant base oil stocks and thus, ultimately to the
finished lubricant or fuel.

The present invention further provides an oil soluble additive concentrate composition
comprising an inert diluent and from 2.0 % to 90% by weight, preferably 10% to 50% by
weight based on the total concentrate, of an oil soluble additive composition according to the
present invention.

THE OIL OF LUBRICATING VISCOSITY

The lubricating oil compositions disclosed herein generally comprise al least one oil
of lubricating viscosity. Any base oil known {0 a skilled artisan can be used as the oif of
lubricating viscostty disclosed herein. Some base oils suitable for preparing the tubricating ot
compositions have been described in Morvtier et al., “Chemistry and Technology of
Lubricants,” 2nd Edition, London, Springer, Chapters | and 2 (1996); and A. Sequenia, Jr.,
“Lubricant Base (il and Wax Processing,” New York, Marcel Decker, Chapter 6, {1994}
and D. V. Brock, Lubrication Engineering, Vol. 43, pages 184-5, (1987), ali of which are
incorporated herein by reference. Generally, the amount of the hase o1l in the hubricating oil
compaosition may be from about 70 to about 99 5 wt. %, based on the total weight of the
lubricating ol composition. In some embodiments, the amount of the base oif in the
tubricating o1l composition is from about 73 to about 99 wt. %, from about 80 to about 98.5
wi. %%, or from about 80 to about 98 wt. %, based on the total weight of the hubricating oil
composition. The expression “base 0il” as used herein shall be understood to mean a base
stock or blend of base stocks which is a fubricant component that is produced by a single
manufacturer to the same specifications (independent of feed source or manufacturer's
location}; that meets the same manufacturer's specification; and that is identified by a unique

formula, product identification number, or both. The base oil for use herein can be any
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preserily known or later-discovered ot of lubricating viscosity used in formulating
fubricating oil compositions for any and all such applications, e.g., engine oils, marine
cviinder oils, functional fluids such as hvdraulic oils, gear oils, transmission fluids, eic. For
example, the base oils can be used in formulating hubricating oil compositions for any and ail
such applications such as passenger car engine oils, heavy duty diesel motor oils and natural
gas engine oils.

In certain embodiments, the base ol is or comprises any natural or synthetic
tubricating base oil fraction. Some non-himiting examples of svnthetic oils include oils, such
as polvalphaolefing or PAQGs, prepared from the polymernization of at least one alpha-olefin,
such as ethviene, or from hvdrocarbon syunthesis procedures using carbon monoside and
hydrogen gases, such as the Fisher-Tropsch process. In certain emboduments, the base ol
comprises less than about 10wt % of one or more heavy fractions, based on the total weight
of the hase o1l A heavy {raction refers 1o a lube ol fraction having a viscosity of at least
about 20 ¢St at 1007 C. o certain emboduments, the heavy fraction has a viscosity of at least
about 25 ¢St or gt Isast about 30 ¢St at 100° €. In further embodiments, the amount of the one
or more heavy fractions in the base oil is less than abowt 10 wit. %, less than about 5 wi. %,
{ess than about 2.5 wt. %, less than about 1 wit. %, or less than about 0.1 wi. %, based on the
total weight of the base oil. In still further embodiments, the base oil comprises no heavy
fraction.

in certain embodiments, the lubricating oil compositions comprise a major amount of
a base oil of lubricating viscosity. In some embodiments, the base oil has a Kinematic
viscostiy at 100° C. from about 2.5 centistokes {c81} to about 20 ¢8¢, from about 4 centisiokes
(¢St} to about 20 ¢54, or from about 5 ¢85t o about 16 ¢8t. The kinematic viscosity of the base
oils or the lubricating oil compositions disclosed herein can be measured according o ASTM

¢ 445, which 1s incorporated herein by reference.
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in other embodiments, the base o1l is or comprises a base stock or blend of base
stocks. In further embodiments, the base stocks are manufactured using a vanety of different
processes including, but not limited to, distillation, solvent refining, hydrogen processing,
oligomerization, esterification, and rerefining. In some embodimenis, the base stocks
comprise arerefined stock. In further embodiments, the rerefined stock shall be substantially
free from maierials introduced through manufacturing, contamination, or previous use.

In some embodiments, the base oil comprises one or more of the base stocks in one or
more of Groups -V as specified 1o the American Petroleum Institute (APD Publication 1509,
Fourteen Edition, December 1996 (1.e., AP Base Onl Interchangeability Guidehnes for
Passenger Car Motor OGils and Diesel Engme nls), which i incorporated herein by reference.
The API guideline defines a base stock as a lubricant component that moay be manufactured
using a vaniety of different processes. Groups §, {1 and HI base stocks are nuneral oils, each
with specific ranges of the amount of saturates, suifur content and viscosity index. Group 1V
base stocks are polvalphaolefins (PAO). Group V base stocks include all other base stocks
not inchuded m Group LU, HE, or 1V,

In some embodiments, the base oil comprises one or more of the base stocks in Group
I H, 1L BV, V or a combination thereof In other embodiments, the base o1l comprises one or
maore of the base stocks in Group 1L, HIL IV or a combination thereof. In further embodiments,
the base oil comprises one or more of the base stocks in Group LE, {H, 1V or a combination
thereof wherein the base ot has a kinematic viscosity from abow 2.5 centistokes {(¢81}) to
about 20 ¢&t, from about 4 ¢St to about 20 ¢St, or from about 5 ¢St io about 16 ¢S5t at 100° €.

The base ot may be selected from the group consisting of natural oils of lubricating
viscosity, svithetic oils of lubricating viscosity and nmuxtures thereof. In some embodiments,
the base ol includes base stocks obtained by isomerization of svnthetic wax and slack wax,

as well as hvdrocrackate base stocks produced by hyvdrocracking (rather than solvent
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extracting ) the aromatic and polar components of the crude. In other embodiments, the base
oil of fubricating viscosity includes natural oils, such as animal oils, vegetable oils, mineral
oils {e.g., ligpud petroleum oils and solvent treated or acid-treated mineral oils of the

and combinations thereof. Some non-limiting examples of animal oils include bone o,
tanolin, fish oil, lard o1l, dolphin oil, seal oil, shark oil, tallow oil, and whale oil. Some non-
himiting examples of vegetable oils include castor oil, olive oil, peanut oil, rapeseed o1, com
oil, sesame oil, cottonseed oil, sovbean oil, sunflower oil, safflower oil, hemp o1, linseed i,
tung oil, oiticica oil, jojoba oil, and meadow foam oil. Such oils may be partially or fully
hydrogenated.

o0 some embodiments, the synthetic ails of lubricating viscosity nclude hydrocarbon
oils and halo-substituted hydrocarbon cils such as polvmenzed and inter-polymenized olefins,
alkvibenzenes, polyvphenyls, alkylated diphenyl ethers, alkyvlated dipheny! sulfides, as well as
thetr derivatives, analogues and homologues thereof, and the hike. In other embodiments, the
synthetic oils mclude alkylene oxade polymers, interpolvmers, copolymers and derivatives
thereof wherein the terminal hyvdroxvl groups can be modified by esterification,
ethertfication, and the like. In further embodiments, the synthetic oils inchude the esters of
dicarboxylic acids with a variety of alcohols. In certain embodiments, the synthetic oils
include esters made from Csto €, monocarboxvlic acids and polvels and polyol ethers. In
further embodiments, the synthetic oils include tri-alky! phosphate ester oils, such as tri-n-
butyl phosphate and tri-iso-butyi phosphate.

in some embodiments, the synthetic oils of fubricating viscosity include silicon-based
pils {such as the polyakyi-, polvaryl-, polyalkoxy-, polvaryloxy-siloxane oils and silicate
oils}). In other embodiments, the synthetic oils include hiquid esters of phosphorus-containing

actds, polymeric tetrahydrofurans, polyalphaolefins, and the like.
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Base o1l dentved from the hvdroisomerization of wax may also be used, either alone or
i combination with the aforesaid natural and/or svnthetic base oil. Such wax isomerate oil 15
produced by the hydroisomerization of natural or synthetic waxes or mixtures thersof overa
hydroisomerization catalyst.

In further embodiments, the base oil comprises a poly-alpha-olefin (PAQ) In general,
the polv-alpha-olefins may be derived from an alpha-olefin having from about 2 to about 30,
from about 4 to about 20, or from about 6 to about 16 carbon atoms. Non-limiting examples
of suitable poly-alpha-~olefins mclude those dernived from oclene, decene, mixtures thereof,
and the ke These poly-alpha-~olefins may have a viscosity from about 2 to about 15, from
about 3 to about 12, or from about 4 o about 8 centistokes at 100° €. In some nstances, the
polyv-alpha-olefins may be used together with other base oils such as nuneral oils.

In further embodiments, the base oil comprises a polyvalkvlene glveol or a
polvalkviene glyeol denvative, where the ternunal hydrosyl groups of the polvalkyviene
glycol mav be modified by esterification, ethenification, acetviation and the hke. Non-houting
examples of suitable polvalkylens glveols mclude polvethvlene glveol, polypropylene glyeol,
polyisopropylene glyeol, and combinations thereof. Non-limiting examples of suitable
polvalkviene glveol derivatives include ethers of polvalkylene glveols (e g, methyi ether of
polyvisopropylene glyeod, diphenyl ether of polvethviene glycol, diethyi ether of
polypropyiene glycol, etc.). mono- and polycarboxvlic esters of polvalkylene giveols, and
combinations thereof. In some instances, the polvatkviene glycol or polyalkviene glveol
derivative may be used together with other base oils such as polv-alpha-olefing and mineral
oils.

In further embodiments, the base oil comprises any of the esters of dicarboxylic acids
{e.g. phthalic acid, succinic acid. alkyl succinic acids, alkenyl succinic acids, maleic acid,

azelaic acid, suberic acid, sebacic acid, fumarnic acid, adipic acid, linoleic acid dimer, malonic
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acid, alkvi malonic acids, alkenyl malonic acids, and the like} with a variety of alcohols (e.g.,
butyl aleohol, hexvl alcohol, dodecyl alcohol, 2-ethvihexyl alcohol, ethylene glveol,
disthviene glveol monoether, propylene glveol, and the like). Non-limiting examples of these
esters include dibwtyl adipate, diZ-ethylhexyl) sebacate, di-n-hexyi fumarate, diociyl
sebacate, ditsooctyl arelate, diisodecy] azelate, diocty] phihalate, didecyl phthalate, disicosyl
sehacate, the 2-ethylhexyl diester of Himoleic acid dimer, and the like.

In further embodiments, the base oil comprises a hydrocarbon prepared by the
Fischer-Tropsch process. The Fischer-Tropsch process prepares hydrocarbons from gases
contamning hydrogen and carbon monoxide using a Fischer-Tropsch catalvst. These
hydrocarbons may require further processing in order to be useful as base oils. For example,
the hydrocarbons may be dewaxed, hydroisomerized, and/or hydrocracked using processes
known to a person of ordinary skill in the art.

In further embodiments, the base oil comprises an unrefined o, arefined oil, a
rerefined oil, or a mixture thereof. Unrefined oils are those obtained directly from a natural or
synthetic source without further purification treatmoent. Noo-liroiting exaroples of unrefined
oils inchade shale oils obtained directly from retorting operations, petroleum oils obtained
directly from primary distillation, and ester oils obtained directly from an esterification
process and used without further treatment. Refined oils are similar to the unretined oils
except the former have been further treated by one or more purification processes to improve
one or more properties. Many such purification processes are known to those skilled in the art
such as solvent extraction, secondary distillation, acid or base extraction, filtration,
percolation, and the like Rerefined oils are obtained by applying io refined oils processes
similar to those used to obtain refined oils. Such rerefined oils are also known as reclaimed or
reprocessed otls and often are additionally treated by processes directed io removal of spent

additives and ot breakdown products.
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The applications to which the hubricating o1l compositions of this invention may be
put are not particularly limiied, and include e.g. marine cylinder lubricants, trunk pision
engine oils, and system oils; automotive engine oils; railroad engine oils; stationary engine
oils such as natural gas engine oils; greases; and functional fluids such as tractor hydraulic

fluids, gear oils, antiwear hydraulic oils, and fransmission fluids.

EXAMPLES

The following examples are intended for illustrative purposes only and do not limit in
any way the scope of the present invention.
Compound 1

To a solution of g-caprolactam (5.6 g, 50 mmol) in Toluene (150 mL) was added
phosphorus (V) oxychloride (2.33 mL, 25 mmol) dropwise at 0 °C. The reaction was stirred
at 0 °C for 2 hours. Aniline (2.28 mL, 25 mmol) was added to the solution in one portion. The
reaction mixture was refluxed under stirring for 4 hours. The organic layer was removed and
the residue was dissolved in water (150 mL). NaOH (2N) was added to adjust the solution PH
to 10. Ethyl acetate was added for the extraction. The organic layer was collected, dried and
removed. The crude product was recrystallized in the mixture of Ethyl acetate and Hexanes

(1:1) to give the compound (3.28 g) as yellow crystals.

H
N N
O
Compound 1
Compound 2
To a solution of valerolactam (4.96 g, 50 mmol) in Toluene (150 mL) was added

phosphorus (V) oxychloride (2.33 mL, 25 mmol) dropwise at 0 °C. The reaction was stirred

at 0 °C for 2 hours. Aniline (2.28 mL, 25 mmol) was added to the solution in one portion. The
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reaction mixture was refluxed under stirring for 4 hours. The organic layer was removed and
the residue was dissolved in water (150 mL). NaOH (2N) was added to adjust the solution PH
to 10. Ethyl acetate was added for the extraction. The organic layer was collected, dried and
removed. The crude product was purified by flash-column chromatography (triethylamine

3% in ethyl acetate) to give the compound (2.3 g) as yellow solid.

©/N\ N
1@
Compound 2

Compound 3

To a solution of N-methylcaprolactam (6.4 mL, 50 mmol) in Toluene (150 mL) was
added phosphorus (V) oxychloride (2.33 mL, 25 mmol) dropwise at 0 °C. The reaction was
stirred at 0 °C for 2 hours. Aniline (2.28 mL, 25 mmol) was added to the solution in one
portion. The reaction mixture was refluxed under stirring for 4 hours. The organic layer was
removed and the residue was dissolved in water (150 mL). NaOH (2N) was added to adjust
the solution PH to 10. Ethyl acetate was added for the extraction. The organic layer was
collected, dried and removed. The crude product was purified by flash-column

chromatography (triethylamine 3% in ethyl acetate) to give the compound (3.4 g) as light

yellow oil.
\
N_ _N
SR
Compound 3
Compound 4

To a solution of N-methyl-2-piperidone (5.71 mL, 50 mmol) in Toluene (150 mL)

was added phosphorus (V) oxychloride (2.33 mL, 25 mmol) dropwise at 0 °C. The reaction

40



10

15

20

25

WO 2017/074672 PCT/US2016/055664

was stirred at 0 °C for 2 hours. Aniline (2.28 mL, 25 mmol) was added to the solution in one
portion. The reaction mixture was refluxed under stirring for 4 hours. The organic layer was
removed and the residue was dissolved in water (150 mL). NaOH (2N) was added to adjust
the solution PH to 10. Ethyl acetate was added for the extraction. The organic layer was
collected, dried and removed. The crude product was purified by flash-column
chromatography (triethylamine 3% in ethyl acetate) to give the compound (3.7g) as light

yellow oil.

Compound 4

Compound 5

To a solution of 1-Benzyl-2-pyrrolidinone (8 mL, 50 mmol) in Toluene (130 mL) was
added phosphorus (V) oxychloride (2.33 mL, 25 mmol) dropwise at 0 °C. The reaction was
stirred at 0 °C for 2 hours. 4-Butylaniline (3.95 mL, 25 mmol) was added to the solution in
one portion. The reaction mixture was refluxed under stirring for 4 hours. The organic layer
was removed and the residue was dissolved in water (150 mL). NaOH (2N) was added to
adjust the solution PH to 10. Ethyl acetate was added for the extraction. The organic layer
was collected, dried and removed. The crude product was purified by flash-column
chromatography (triethylamine 3% in ethyl acetate) to give the compound (7.5 g) as yellow

oil.

A,
Compound 5
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Compound 6

To a solution of 1-methyl-2-pyrrolidinone (4.82 mL, 50 mmol) in Toluene (150 mL)
was added phosphorus (V) oxychloride (2.33 mL, 25 mmol) dropwise at 0 °C. The reaction
was stirred at 0 °C for 2 hours. 4-Butylaniline (3.95 mL, 25 mmol) was added to the solution
in one portion. The reaction mixture was refluxed under stirring for 4 hours. The organic
layer was removed and the residue was dissolved in water (150 mL). NaOH (2N) was added
to adjust the solution PH to 10. Ethyl acetate was added for the extraction. The organic layer
was collected, dried and removed. The crude product NMR showed the compound was clean
enough, not necessary for the further purification. The compound was obtained (5.9 g, 100%

yield) as brown oil.

W

Compound 6

Compound 7

To a solution of of N-methylcaprolactam (6.4 mL, 50 mmol) in Toluene (130 mL)
was added phosphorus (V) oxychloride (2.33 mL, 25 mmol) dropwise at 0 °C. The reaction
was stirred at 0 °C for 2 hours. 4-Butylaniline (3.95 mL, 25 mmol) was added to the solution
in one portion. The reaction mixture was refluxed under stirring for 4 hours. The organic
layer was removed and the residue was dissolved in water (150 mL). NaOH (2N) was added
to adjust the solution PH to 10. Ethyl acetate was added for the extraction. The organic layer
was collected, dried and removed. The crude product was purified by flash-column
chromatography (triethylamine 3% in ethyl acetate) to give the compound (4.2 g) as yellow

oil.
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\

Compound 7

Compound 8

To a solution of valerolactam (4.96 g, 50 mmol) in Toluene (150 mL) was added
phosphorus (V) oxychloride (2.33 mL, 25 mmol) dropwise at 0 °C. The reaction was stirred
at 0 °C for 2 hours. 4-Butylaniline (3.95 mL, 25 mmol) was added to the solution in one
portion. The reaction mixture was refluxed under stirring for 4 hours. The organic layer was
removed and the residue was dissolved in water (150 mL). NaOH (2N) was added to adjust
the solution PH to 10. Ethyl acetate was added for the extraction. The organic layer was
collected, dried and removed. The crude product NMR showed the compound was clean
enough, not necessary for the further purification. The compound was obtained (5.0 g, 86%

yield) as brown solid.

N

H
N
@

Compound 8§
Compound 9
To a solution of N-methyl-2-piperidone (5.71 mL, 50 mmol) in Toluene (150 mL)
was added phosphorus (V) oxychloride (2.33 mL, 25 mmol) dropwise at 0 °C. The reaction
was stirred at 0 °C for 2 hours. 4-Butylaniline (3.95 mL, 25 mmol) was added to the solution
in one portion. The reaction mixture was refluxed under stirring for 4 hours. The organic
layer was removed and the residue was dissolved in water (150 mL). NaOH (2N) was added

to adjust the solution PH to 10. Ethyl acetate was added for the extraction. The organic layer
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5 was collected, dried and removed. The crude product NMR showed the compound was clean
enough, not necessary for the further purification. The compound was obtained (6.8 g, 100%

yield) as brown oil.
@
Compound 9
10
Compound 10
To a solution of e-caprolactam (5.6 g, 50 mmol) in Toluene (150 mL) was added
phosphorus (V) oxychloride (2.33 mL, 25 mmol) dropwise at 0 °C. The reaction was stirred
at 0 °C for 2 hours. 4-Butylaniline (3.95 mL, 25 mmol) was added to the solution in one
15  portion. The reaction mixture was refluxed under stirring for 4 hours. The organic layer was
removed and the residue was dissolved in water (150 mL). NaOH (2N) was added to adjust
the solution PH to 10. Ethyl acetate was added for the extraction. The organic layver was
collected, dried and removed. The crude product was purified by flash-column

chromatography (triethylamine 3% in ethyl acetate) to give the compound (4.6 g) as yellow

20 solid.

H
N_ N
U

Compound 10
Compound 11
To a solution of of 1,3-dimethyl-3,4.,5,6-tetrahydro-2(1H)-pyrimidinone (6.40 g, 50

25  mmol) in Toluene (130 mL) was added phosphorus (V) oxychloride (2.33 mL, 25 mmol)
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dropwise at 0 °C. The reaction was stirred at 0 °C for 2 hours. 4-Butylaniline (3.95 mL, 25
mmol) was added to the solution in one portion. The reaction mixture was refluxed under
stirring for 4 hours. The organic layer was removed and the residue was dissolved in water
(150 mL). NaOH (2N) was added to adjust the solution PH to 10. Ethyl acetate was added for
the extraction. The organic layer was collected, dried and removed. The crude product was
purified by flash-column chromatography (triethylamine 3% in ethyl acetate) to give the

compound (4.2 g) as brown oil.

|
0

Compound 11

Compound 12

To a solution of of 1,3-dimethyl-2-imidazolidinone (5.70 g, 50 mmol) in Toluene
(130 mL) was added phosphorus (V) oxychloride (2.33 mL, 25 mmol) dropwise at 0 °C. The
reaction was stirred at 0 °C for 2 hours. 4-Butylaniline (3.95 mL, 25 mmol) was added to the
solution in one portion. The reaction mixture was refluxed under stirring for 4 hours. The
organic layer was removed and the residue was dissolved in water (150 mL). NaOH (2N) was
added to adjust the solution PH to 10. Ethyl acetate was added for the extraction. The organic
layer was collected, dried and removed. The crude product was purified by flash-column
chromatography (triethylamine 3% in ethyl acetate) to give the compound (3.6 g) as brown

oil.
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Compound 12

Compound 13

To a solution of triethyloxonium tetrafluoroborate (5.7 g, 30 mmol) in
dichloromethane (8 mL) was added 1-methyl-2-pyrrolidinone (2.86 mL, 30 mmol) in
dichloromethane (8 mL) at room temperature. The resulting solution was stirred at room
temperature for 4 hours. Cyclohexylamine (2.86 mL, 25 mmol) was added to the solution.
The reaction mixture was stirred at room temperature overnight. The reaction mixture was
washed with NaOH (1N, 15 mL) twice. Then the organic layer was washed with brine, dried
(Na;SOy) and concentrated. The crude compound NMR is clean enough, that no further

purification is needed. The compound was obtained (4.3 g, 95% yield) as a yellow solid.

Sh®

Compound 13
Compound 14

To a solution of triethyloxonium tetrafluoroborate (5.7 g, 30 mmol) in

dichloromethane (8 mL) was added N-methyl-2-piperidone (3.43 mL, 30 mmol) in
dichloromethane (8 mL) at room temperature. The resulting solution was stirred at room
temperature for 4 hours. Cyclohexylamine (2.86 mL, 25 mmol) was added to the solution.
The reaction mixture was stirred at room temperature overnight. The reaction mixture was
washed with NaOH (1N, 15 mL) twice. Then the organic layer was washed with brine, dried
(Na;SOy4) and concentrated. The crude compound NMR is pretty clean, no further purification

is needed. The compound was obtained (4.9 g, 98% vield) as a yellow solid.
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Compound 14

YVolot test
10 Compounds 1-4 are subjected to Viscosity On-Line Oxidation Test (VOLOT). In the
VOLOT test, 3 gram sample of test oil at 130°C was blown with air at a flow rate of 16.7 +
0.1 mL per minute. A viscosity reading was automatically taken every 600 seconds (10
minutes). The test is over when the sample oil increase 20% of the viscosity.
The following Comparative Examples and Test Examples were prepared.
15 Comparative Example A contains 0.5 wt% of diphenylamine (DPA) in Gr II base oil.
Comparative Example B contains 0.8 wt% of diphenylamine (DPA) in Gr II base oil.
Comparative Example C contains 1.0 wt% Compound 5 in Gr II base oil.
Test Example 1 contains 0.5 wt% of Compound 1 with 0.5 wt% DPA in Gr II base
oil.
20 Test Example 2 contains 0.5 wt% of Compound 2 with 0.5 wt% DPA in Gr II base
oil.
Test Example 3 contains 0.5 wt% of Compound 3 with 0.5 wt% DPA in Gr II base
oil.
Test Example 4 contains 0.5 wt% of Compound 4 with 0.5 wt% DPA in Gr II base
25 oil
Test Example 5 contains 0.5 wt% of Compound 5 with 0.5 wt% DPA in Gr II base

oil
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Comparative Examples A, B, and C, and Test Examples 1 to 5 were evaluated in the

VOLOT test. The results are shown in Table 1.

Table 1

Components Comp. Test Test Test Test  Comp. Comp. Test

(wt%) Ex. A Ex.1 Ex.2 Ex.3 Ex.4 Ex. B Ex.C Ex. S

DPA 0.5 0.5 0.5 0.5 0.5 0.8 0.8
Compound 1 0.5
Compound 2 0.5
Compound 3 0.5
Compound 4 0.5
Compound 5 1.0 1.0
Results (hr) 22 250 250 250 250 37.85 16 248

The oxidation of the base oil results in a viscosity increase of the oil. The VOLOT
test reports the time duration that the viscosity of the oil increased to 20%, and the test will
stop after 250 hrs. Therefore, the longer the tests continue, the more superior the oxidation
inhibition performance. Test Examples 1-4 showed 250 hrs, which is the test stopping point,
meaning that it needs at least 250 hrs for Examples 1-4 to have viscosity increase to 20% of

their original viscosity. After 250 hours, Test Examples 1-4 were still continuing, compared
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to 22 hour stop time for the Comparative Example A, thereby showing surprisingly superior
oxidation inhibition performance and outstanding synergistic effects of the combination of
the amidine compounds with DPA. Additionally, Test Example 5 also shows outstanding
synergistic antioxidant performance over Comparative Examples B and C at higher

concentrations of both the amidine compound and DPA.

Lube Oil Oxidator Test 1
A 25 gram sample was weighted into a special glass oxidator cell. A catalyst was

added, followed by inserting a glass stirrer. The cell was then sealed and placed in an oil bath
maintained at 340 °F and connected to the oxygen supply. One liter of oxygen was fed into
the cell while the stirrer agitated the oil sample. The test was run until 1 liter of oxygen was
consumed by the same and the total time, in hours, of the sample run was reported. The test
result indicates the oil’s resistance to oxygen uptaken. The better the antioxidancy of the oil,
the longer it takes for 1 liter of oxygen to be consumed. It shows the effectiveness of the

antioxidants in inhibiting the oxidation of the oil.

Table 2 Baseline Formulation

Components Treat Rate
Borated succinimide 0.6 Wt%
Succinimide 3.2 Wt%
Phenate 10 mM
Sulfonate 40 mM

Primary ZnDTP 8.5 mM
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Secondary ZnDTP 4 mM

Friction modifier 03 Wt%
Foam inhibitor 5.0 p£)m
Pour point depressant 0.4 Wt%
vl 7.3 th%

The following lubricating oil compositions were prepared.

Comparative Example D is a lubricating oil composition prepared by adding 0.8 wt%
DPA to Baseline Formulation I in Gr II base oil.

Comparative Example E is a lubricating oil composition prepared by adding 1.0 wt%
Compound 3 to Baseline Formulation I in Gr II base oil.

Comparative Example F is a lubricating oil composition prepared by adding 1.0 wt%
Compound 5 to Baseline Formulation I in Gr II base oil.

Comparative Example G is a lubricating oil composition prepared by adding 1.0 wt%
Compound 11 to Baseline Formulation I in Gr II base oil.

Comparative Example H is a lubricating oil composition prepared by adding 1.0 wt%
Compound 13 and 0.8% DPA to Base Formulation I in Gr II base oil.

Comparative Example I is a lubricating oil composition prepared by adding 1.0 wt%
Compound 14 and 0.8% DPA to Base Formulation I in Gr II base oil.

Test Example 6 is a lubricating oil composition prepared by adding 1.0 wt%
Compound 3 and 0.8% DPA to Base Formulation I in Gr II base oil.

Test Example 7 is a lubricating oil composition prepared by adding 1.0 wt%

Compound 4 and 0.8% DPA to Base Formulation I in Gr II base oil.
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Test Example 8 is a lubricating oil composition prepared by adding 1.0 wt%
Compound 5 and 0.8% DPA to Base Formulation I in Gr II base oil.

Test Example 9 is a lubricating oil composition prepared by adding 1.0 wt%
Compound 6 and 0.8% DPA to Base Formulation I in Gr II base oil.

Test Example 10 is a lubricating oil composition prepared by adding 1.0 wt%
Compound 7 and 0.8% DPA to Base Formulation I in Gr II base oil.

Test Example 11 is a lubricating oil composition prepared by adding 1.0 wt%
Compound 8 and 0.8% DPA to Base Formulation I in Gr II base oil.

Test Example 12 is a lubricating oil composition prepared by adding 1.0 wt%
Compound 11 and 0.8% DPA to Base Formulation I in Gr II base oil.

Test Example 13 is a lubricating oil composition prepared by adding 1.0 wt%
Compound 12 and 0.8% DPA to Base Formulation I in Gr II base oil.

Comparative Examples D to I and Test Examples 6 to 13 were evaluated using the

Lube 01l Oxidator Test. The results are shown in Table 3.
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Examples D.E, F.G, and H, which contain either DPA or Compounds 3,5,11,12 alone. This is
indicative of the synergistic effect of the amidine compounds in combination with
diphenylamine.

Comparative Examples I and J do not show good anti-oxidation performance due to
the fact that Compound 13 and 14 are aliphatic amidines instead of aromatic amidines as in
the Test Examples. It is more related with aromatic ring conjugation with cation (positive
charge). Once nitrogen accepts a proton to form a cation, the aromatic ring © bond system can
stabilize the cation better than the cyclized six member ring.

Lube Oil Oxidator Test 2

Comparative Example M is a lubricating oil composition prepared by adding 0.8 wt%
DPA and 0.4 wt% molybdenum succinimide (OLOA 17505) to Baseline Formulation I in Gr
II base oil.

Test Example 14 is a lubricating oil composition prepared by adding 1.0 wt%
Compound 5, 0.8% DPA and 0.4 wt% molybdenum succinimide to Base Formulation I in Gr
II base oil.

Test Example 15 is a lubricating oil composition prepared by adding 1.0 wt%
Compound 6, 0.8% DPA and 0.4 wt% molybdenum succinimide to Base Formulation I in Gr
II base oil.

Test Example 16 is a lubricating oil composition prepared by adding 1.0 wt%
Compound 7, 0.8% DPA and 0.4 wt% molybdenum succinimide to Base Formulation I in Gr
II base oil.

Test Example 17 is a lubricating oil composition prepared by adding 1.0 wt%
Compound 8, 0.8% DPA and 0.4 wt% molybdenum succinimide to Base Formulation I in Gr

II base oil.
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5 Test Example 18 is a lubricating oil composition prepared by adding 1.0 wt%

Compound 9, 0.8% DPA and 0.4 wt% molybdenum succinimide to Base Formulation I in Gr

II base oil.

Test Example 19 is a lubricating oil composition prepared by adding 1.0 wt%

Compound 10, 0.8% DPA and 0.4 wt% molybdenum succinimide (Moly) to Base

10 Formulation I in Gr II base oil.

Comparative Example M and Test Examples 14 to 19 were evaluated in the Lube Oil

Oxidator Test. The results are shown in Table 4.

Table 4

Components Comp. Test Test Test Test Test Test

wt% Example Example Example Example Example Example Example
M 14 15 16 17 18 19

DPA 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Moly 0.4 0.4 0.4 0.4 0.4 0.4 0.4

Compound 5 1.0

Compound 6 1.0

Compound 7 1.0

Compound 8 1.0

Compound 9 1.0

Compound 10 1.0

Results (hr) 40 56.8 57 59.6 57 66.3 67.8
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Test Examples 5 to 10 show superior surprisingly performance on the Oxidator test
over Comparative Example M. This is indicative of the synergistic effect of the amidine
compounds when combined with both a diphenylamine and a moly succinimide antioxidant.

It will be understood that various modifications may be made to the embodiments
disclosed herein. Therefore the above description should not be construed as limiting, but
merely as exemplifications of preferred embodiments. For example, the functions described
above and implemented as the best mode for operating the present invention are for
illustration purposes only. Other arrangements and methods may be implemented by those
skilled in the art without departing from the scope and spirit of this invention. Moreover,
those skilled in the art will envision other modifications within the scope and spirit of the

claims appended hereto.
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WHAT IS CLAIMED I8S:

1. A lubricating oil composition comprising:
(a) a major amount of a lubricating oil,
(b) a diarylamine antioxidant, and
10 (c) an amidine compound of Formula (I),

Y/R]

Formula (1)
wherein R, is hydrogen, an alkyl or an aromatic group containing 1-30 carbon
atoms; x is from 1 to 5; Y is an optional linking alkyl group; Z is carbon or
15 nitrogen; and R; is hydrogen or alkyl groups containing 1-30 carbon atoms.

2. The lubricating oil composition of claim 1, wherein the diarylamine antioxidant is
selected from the group comprising diphenylamine, phenyl-a-naphthylamine, and
alkylated diarylamines.

3. The lubricating oil composition of claim 2, wherein the diarylamine antioxidant is

20 diphenylamine.

4. The lubricating oil composition of claim 1, wherein the concentration of the
diarylamine antioxidant in the lubricating oil composition is at least about 0.01 wt. %.

5. The lubricating oil composition of claim 1, wherein the concentration of the

diarylamine antioxidant in the lubricating oil composition is 0.01 to 10 wt. %.
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5 6. The lubricating oil composition of claim 1, wherein the concentration of the
diarylamine antioxidant in the lubricating oil composition is 0.2 to 10 wt. %.
7. The lubricating oil composition of claim 1, wherein the concentration of the
diarylamine antioxidant in the lubricating oil composition is 0.1 to 5 wt. %.
8. The lubricating oil composition of claim 1, wherein the concentration of the amidine
10 compound in the lubricating oil composition is from greater than 0.5 to 5 wt. %.
9. The lubricating oil composition of claim 1, wherein the concentration of the amidine
compound in the lubricating oil composition is from greater than 0.5 to 2 wt. %.
10. A lubricating oil composition in claim 1 further comprises a molybdenum-containing
antioxidant.
15 11. A lubricating oil composition in claim 10, wherein the molybdenum-containing
antioxidant is a molybdenum succinimide.
12. A method for lubricating an engine comprising lubricating the engine with a
lubricating oil composition comprising:
(a) a major amount of a lubricating oil,
20 (b) a diarylamine antioxidant, and
(c) an amidine compound of Formula (I),

Y/Rl

Formula (I)
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13.

14.

15.

16.

wherein R, is hydrogen, an alkyl or an aromatic group containing 1-30 carbon
atoms; x is from 1 to 5; Y is an optional linking alkyl group; Z is carbon or
nitrogen; and R, is hydrogen or alkyl groups containing 1-30 carbon atoms.
The method of claim 12 wherein the concentration of the diarylamine antioxidant in
the lubricating oil composition is 0.01 to 10 wt. %.
The method of claim 12 wherein the concentration of the amidine compound in the
lubricating oil composition is from greater than 0.5 to 5 wt. %.
The method of claim 12 wherein the lubricating oil composition further comprises a
molybdenum-containing antioxidant.
The method of claim 12 wherein the molybdenum-containing antioxidant is a

molybdenum succinimide.
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