WD 03/ 008428 PCT/ US01/ 22517 ORGANOMOLYBDENUM COVPLEXES AS FRI CTI ON

MO DI FI ERS BACKGROUND OF THE I NVENTION 1. Field of the Invention 5 1t is
wel | knowwotoaavs4e®! ybdenum conpounds added to | ubri cati ngPaiThEso1/espendi ng
on their structure, can play a significant role as both friction nodifiers
and as anti-wear additives. The present invention is related to

| ubricating oil [ fA I I cant _conpositions, and nore
particularly to gg%g}éggﬁD%ggMoWﬁ%F%déﬁLﬁﬁlﬁﬁo&MP?I?JFtIiEBﬁ modi fi er
additives derived from organo-im do nol ybdenum conpl exes that can be
incorporated into lubricating oils. The 10 purpose of the present invention
is to provide additives ri-ciion aid fornul ators of
engine oils to neet newﬂ%mmbﬁﬁﬁ‘gmgﬁgar notor oils, such as
| LSAC G—-3. 2. Description of Related Art Regul atory agencies today are
seeki n?‘zto iFHﬂi’G@éh‘iH’é’ePU@!‘ econony of notor vehicles 15 through

| egi sl ati on (CAFE requirenents) that puts the responsibility for achieving
sueh econoftyis svelltknewnshamolgideoiie comporirals ddest to, lubviating oils depehdiapoher  at
| east a portion of this responsibility to lubricant oil nmanufacturers by

nmeans  alicieyigictiee, Vah phpecidrificahi @Sas bt frit@6@mobiRls MR ARY-wWeBMHHBABNL S
becone nore and nore rigorous, it becones nore and nore inportant to

i ncorp i:Cld infd DAY i LG itions. It is
wel | 20 ek Ry [pleloatt ek i s RN SSRRRARIL B0 by
using friction.reducin ditives.. It is also.well .understood that these
addi '? i VEX© Hﬂ@fu%r t%’c? pQvsl sseqfdpcﬁibdgbtgp%ﬁe@ﬁﬁftlor{ @H‘Efg?ra%‘{‘ilft@(e? ‘gerB’F er to be
most effrforenccgrlggfd-in-ﬁ:clio molybdenum complexes that can be incorporated into lubricating oils. The

10 purpose of the present invention is to provide additives that can reduce friction and aid
formulators of engine oils to meet new requirements for passenger car motor oils, such as
ILSAC GF-3.

2. Description of Related Art
Regulatory agencies today are seeking to improve the fuel economy of motor Vehiciés

15 through legislation (CAFE requirements) that puts the responéibility for achieving such
economy on the motor vehicle manufacturers, who in turn transfer at least a portion of this
responsibility to lubricant oil manufacturers by means of engine oil specifications. As these
fuel economy requirements become more and more rigorous, it becomes more and more
important to incorporate friction modifier additives into lubricant compositions. It is well

20 known that the fuel efficiency of engine oils can be improved by using friction reducing
édditives. It is also well understood that these additives must be active at engine operational

temperature in order to be most effective.



WO 03/008428 PCT/ USOL/ 22517 I n addition, zinc dialkyldithi ophosphat es
(ZDDP) have been used in fornulated oils as antiwear and anti oxi dant

addi ti veswbaps/oosaee t han 50 years. However, zinc dial kyl di Phirashosyshat es
give rise to ash, which contributes to particulate matter in autonotive
exhaust em ssions. Regul atory agencies are seeking to reduce em ssions of
zinc into the 5 environnent. Moreover, the phosphorus present in the

di al kyl di t hi ol IJLLL | . ' ife of
Catal vt ic comuarian he Rl B DhoRERR (/BOPD hae hh LI th P S5’ | T
I mport gnt Li,m.t the tticulate matter and_pollution fornmed during

engi negﬁté‘géa?flgg a?tb%dégﬁ %giltbvsz ?ogﬁaorgg@:‘nr et AIOWYESSHE, but it is al so
inportags (rai nt ai n undi m ni shed the antiwear properties of the

| ubric lw@ji?@iqphos atgp gixe gise tshawhich sariribyatte pabeulae matigs injautametivet he
known zi nc- and phosphorus-containing additives, it is a further object of
this pxhagsitdnaissions. Regulaidey agencieeare sacking foweduce leatisstms bfiizinc ired theer zi nc nor
phosphorus. In developing lubricating oils, there have been nany attenpts
t & pr ovmdnaddi. tMeasvédale phokildtds ftdenf mithd JiRMAditROpRIphNESS aRboper ti es.
Mol ybdenum conpounds are known to be useful as friction nodifiers and

ant i oxgap&sq BPtndiRe e SARGALE oPéat@&tgcy é&h?@eré‘ﬂ{ak %ﬁq{se(‘?gg .v?ﬁ%lreﬂsere&éce
pressure‘resi stance properties in ricating ol [ compositions.

Thi ocar, te ditives for. lubricating gils, particularly . )

mol ybdBRLHHOEo RS hpona i s e aBbetirged fuing IR ent
literature. U S. Patent No. 3,419,589 discloses a process for the

pr epar RriteHcIpgied ) seianmenial reagpns) s itds else separisakte aistripldiwnished

sul furized derivatives thereof in substantially high yields 20 by the

di | ut etheiantiveargrppkraesi afithe mbticating@il. dh kiziv of dhed fisnttintibheaicshiottesmings and

al kali nol ybdates and the subsequent treatnent thereof w th hydrogen

sud f i deithehd oW fifc- abd hhédphets Eohialtitsl aRIRIve Dt it REuRAGhjeRNofhRAUCt . These
conpounds are said to be useful as additives for |ubricants.

invention to provide antiwear additives that contain neither zinc nor phosphorus.

In developing lubricating oils, there have been many attempts to provide additives that
impart antifrictional or oiliness properties. Molybdenum compounds are known to be useful
as friction modifiers and antioxidants and to be capable of providing antiwear and extreme

15 pressure resistance properties in lubricating oil compositions.

Thiocarbamate additives for lubricating oils, particularly molybdenum-containing
thiocarbamates, have been disclosed in the patent literature.

U.S. Patent No. 3,419,589 discloses a process for the preparation of molybdenum (VI)
dialkyldithiocarbamate complexes and sulfurized derivatives thereof in substantially high yields

20 by the dilute nitric acid acidification of alkali dialkyldithiocarbamates and alkali molybdates
and the subsequent treatment thereof with hydrogen sulfide to form the sulfurized derivatives

of the reaction product. These compounds are said to be useful as additives for lubricants.



-2 WD 03/008428 PCT/ USQOL/ 22517 U.S. Patent No. 3,509, 051 discloses

| ubricating oils and greases that are said to exhibit excellent extrene

pr essur e,wangioedeglant, and wear properties when they cont &cm/tsal/22517 zed
oxynol ybdenum di t hi ocar banat es of the general formula: [RZN-CS-S-]2M20OnS. ,
where mtn = 4, mis in the range of 2.35 to 3, nis in the range of 5 1.65
to 1, and Ris a hydrocarbon group having 1 to 24 carbon atons. U S. Patent

mor oved excrimare SRcar oS BRI RSN %fan&‘%aéas&ﬁﬁatea?% Pl O

characterjzed by the presenc thereln of oi]- Iuble nDI bd cont ai ni ng
or gani excelens legtigae PresRLe a@Bﬂ’B& erdd “éﬁaépiﬂpﬁﬂlfé ep fhey sARta ﬁgﬂzed

nmol ybdenum cont ai ni ng anions with oil-sol uble overbased, Goup 10 I

et al - comayniengm clithiposibeinates ofthe gknegaldomuilan of the anions reacts with the
Goup Il netal. Lubricating oils, cutting oils, greases, and the like are
i1 ust Ni.@s-snF Md1©, B URiticEamin e ANROS firt iherﬂsngedifszcsm@dnmn%e fRageof No.
4,098, 705 di sclosés a corrpound of the formula: S 15 Rl%eCll ~S M

O5S(41%310h, BRI Ris %@gfr&a%dﬁlgraﬂﬁ@gst 13k Eboraldidlr oCarby! group having 1
024 carbon’atons and x Is a . .3 that is said to be
usef ul - as ag. ?qglcent 1$%. g,% 41, O'fﬁ) disc oses%ubrlcant compositions that are said to have
improved extreme pressure capabilities and antiwear properties, which are characterized by the
presence therein of oil-soluble molybdenum-containing organic complexes. These complexes
are produced by contacting molybdenum-containing anions with oil-soluble overbased, Group
10 II metal-containing compositions until a portion of the anions reacts with the Group II metal.
Lubricating oils, cutting oils, greases, and the like are illustrative of the lubricant compositions

disclosed.

U.S. Patent No. 4,098,705 discloses a compound of the formula:

S
s oo b L
é E x
— — 2
wherein R, and R, stand for a hydrocarbyl group having 1 to 24 carbon atoms and x is a
number of 0.5 - 2.3 that is said to be useful as an additive for lubricants.
20 U.S. Patent No. 4,164,473 discloses hydrocarbon-soluble organo molybdenum

complexes obtained as the reaction product of a hydrocarbyl substituted hydroxy alkylated
amine, e.g., N,N’ N’-tris(2-hydroxy ethyl)-n-tallow-1,3-diaminopropane, with about one

molar equivalent of a molybdenum compound, e.g., ammonium molybdate, that are said to be
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20 U. S. Patent No. 4,164,473 discl oses hydrocarbon-sol ubl e organo

nol ybdenum conpl exes obtai ned as the reaction product of a hydrocarbyl
substi t utwo ohparuescy al kylated amine, e.g., NN ,N -tris(2Chu$ooxs17
ethyl)-n-tall ow 1, 3-di am nopropane, with about one nolar equivalent of a
nmol ybdenum conpound, e.g., anmoni um nol ybdate, that are said to be -3 WO
03/ 008428 PCT/ US01/ 22517 useful hydrocarbon additives particularly in

i 1 i opratseA sBAbr P bt o BARR, wisk el iofh e 1 <

Lubricating ¢ osjtions conprising these coaddit{ives are disclosed to
exhi bi @‘?‘ﬁ%r‘%ﬂ? dlt%zﬁplilqwhaé? tQRIOYKIG R Rddifia corpbipyan fop lubricating offs. pat ent No.
4,259, 194 discl oses anti oxi dant additives for lubricating oil that are
pr epar éubhigatiog vbinposiigonsreamprising these avdddisived arb disclosethtd exhbbstsimpravied r ogen
conmpound conplex to forma sul fur- and nol ybdenum cont ai ni ng conposition.

U.S. PahtiffictidipandbnBhBarifopeitisc| oses anti oxi dant additives for |ubricating
oil that are prepared by conbining a polar pronoter, an acidic nolybdenum

o ound, a 0 t L ; .
ofrpou fls GRRdnRING. B3 04 jd?scwsésué?ﬂ@ﬂdﬁﬂ %&H&%ﬁoﬁ@%@fa’ﬁlﬂgﬂ at are

nmol ybdenum cont al ni ng conposition. U S. Patent I scl oses the
preparation 1 oxi dant .ad ri.cating oil nmbi ni ng

f an itives . lu by c
et or, Dotk B b aRRonR bR B2 o il bRe® combelli complex
and a sul fur sgurce to forma sulfur- and nol ybdenum cont ai ni ng
conposFemBlex ta form a sylfuppnd ppolyfdenum-rontaming coniposigieBs ant i oxi dant additi ves
for lubricating oil that are prepared by conbi ning an acidi c nol ybdenum
conpound, ai).BiRatedNobHL25BA9P disclosesagéoxida mpditimes, foahdbricatingonl tHatswé f i de t o
forma sul fur- and nol ybdenum cont ai ni ng conposition.
prepared by combining a polar promoter, an acidic molybdenum compound, and certain basic
10 nitrogen compounds to form a molybdenum-containing composition.
U.S. Patent No. 4,263,152 discloses the preparation of antioxidant additives for
lubricating oil by combining water, an acidic molybdenum compound, a basic nitrogen
compound complex and a sulfur source to form a sulfur- and molybdenum-containing
composition.
15 U.S. Patent No. 4,265,773 discloses antioxidant additives for lubricating oil that are
prepared by combining an acidic molybdenum compound, an oil-soluble basic nitrogen
compound, and carbon disulfide to form a sulfur- and molybdenum-containing composition.
U.S. Patent No. 4,266,945 discloses the preparation of molybdenum-containing
compositions by the reaction of an acid of molybdenum or a salt thereof, phenol or aldehyde
20 condensation product therewith, and a primary or secondary amine. The preferred amines are
diamines such as tallow-substituted trimethylene diamine and their formaldehyde condensation

products. An optional but preferred ingredient in the reaction mixture is at least one oil-

soluble dispersant. The molybdenum-containing compositions are said to be useful as
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U S. Patent No. 4,266,945 di scl oses the preparation of

nol ybdenum cont ai ni ng conpositions by the reaction of an acid of

nol ybdenuwwoas/oes42s.l t t her eof , phenol or al dehyde 20 condea3aiSouzspT oduct
therewith, and a primary or secondary am ne. The preferred am nes are

di am nes such as tall owsubstituted trinethylene diamne and their

for mal dehyde condensati on products. An optional but preferred ingredient
in the is ' : t i)~ -di e

ol y AR s i fuc et epl @R s fftearis ALY BURIAFRER S8 oia8S) 0sace
PCT/ USQ1/ 22517 .addi.tives in fuels and lubricants, especially so in

| ubri c SARROBHEATES M Fed with compounds containing active sul fur. U.S.
Patent No. 4,272,387 _discloses antioxidant additives for |ubricating oil
that are pteddtasentBo. d@Bi3RY disclosesantigridantmdditiesfornivbtiaasingredl that asesi c

ni trogen conpound 5 conplex, and a sul fur source to forma sulfur- and

ol ybdprepased dytcainbinigg acarpiismdlybdenunibortpoundf ©bdsicitrogen2dmpdhd di scl oses
antioxidant additives for lubricating oil that are prepared by conbining a

POd ar  péMplek,Sind AAUBNid4RAe!tE rat B k@R X&ﬁnﬂb@bd&ﬂﬂx—&n@ﬁ:ﬁ% cBhpdpgsn conpound
conplex to forma sulfur- and nol ybdenum cont ai ni ng conposition. U.S.

Pat ent No. di . 1.QX1: "Ry r_lubricating oil
that are 10 SPasE S oy 29 HisBishuutkB R R (67 b REar i R A
nmol ybdenum conpound, and .an oil - sol ubl.e basic. nitrqgen conpound to forma
ol 3 bBHRed G eAIITRg ORI RERmaleG T on Bertpaebiong VoaRe HEHOISIE Wrestnc ar bon
disulfide to forma sulfur- and nol ybdenum containing conposition. U S
Pat ent cogpoupdxeopbasodpst sbs- sl molyedammeemtaiiing pempesitiansi t i ons that are
15 prepared by reacting an olefinically unsaturated conmpound capabl e of
reacti ng w UnS.a&téent &o. 4,285,822 discloses antioxidant additives for lubricating oil that are

10 prepared by (1) combining a polar solvent, an acidic molybdenum compound, and an oil-
soluble basic nitrogen compound to form a molybdenum-containing complex and (2)
contacting said complex with carbon disulfide to form a sulfur- and molybdenum-containing
composition.

U.S. Patent No. 4,289,635 discloses molybdenum-containing compositions that are

15 prepared by reacting an olefinically unsaturated compound capable of reacting with active
sulfur with a composition prepared by reacting:

(a) a phosphorus-containing acid represented by the formula:

R(X')nx XH

i
|

20 RCXT),

wherein each X and X is independently oxygen or sulfur, each n is zero or one and each R is
independently the same or a different hydrocarbon-based radical; and

(b) at least one hexavalent molybdenum oxide compound, and
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sulfur with a conposition prepared by reacting: (a) a phosphorus-containing
acid represented by the formula: R(X )n X XH~ P 1 20 R(Xn wherein each
X and X' we ofoaapendent|y oxygen or sulfur, each n is zer@carusonzsand each
Ris independently the sane or a different hydrocarbon-based radical; and
(b) at |east one hexaval ent nol ybdenum oxi de conpound, and -5 WD 03/008428
PCT/ USOl/22517 (c) hydrogen sulfide, in the presence of (d) a polar

sol vent . is said that the conpositions are useful as additives for

| ubric r i e uel
econoﬁ%ﬁg?d%@tht‘?tz#@w%ﬁ“%ﬁﬁ% rfr SO0 S‘ItN'.?S’ﬁ“t‘hté"%%@é’?%SF%ses

ai sul FREESRR %’ﬂ[ﬁl‘tﬁ%@F@fqﬁﬁ'ﬁ%htvsﬁtéfﬁtfiem 48 BrBRR flmeliey FEBERRARAC, "

havi ng basic nitrogen functions. is said that the subj ect additi ves
functi @mlagor@w;a@b@alﬂtrscatﬁsio\g%@@%g excel l ent antifriction properties and

i npart antiwear and antioxidant properties to a lubricant. U S. Patent No.
4,369, 119 dils8IReers N 0% 82ardischodel multipurpber lubnigant addifivag thatlaretmaparade 10
prepared by conbining (a) a sulfur-containing nolybdenum conmpound prepared
bysr eadkireigtionof @gbsl disudy Wik temelpbdraumcicridatbas iof polyilkegydncatinmdesnd, and

a sul fur conpound, with (b)
having basic nitrogen functions. It is said that the subject additives function as dispersants
possessing excellent antifriction properties and impart antiwear and antioxidant properties to a
lubricant.
U.S. Patent No. 4,369,119 discloses antioxidant additives for lubricating oil that are
10 prepared by combining (a) a sulfur-containing molybdenum compound prepared by reacting an
acidic molybdenum compound, a basic nitrogen compound, and a sulfur compound, with (b)
an organic sulfur compound.
U.S. Patent No. 4,370,246 discloses the preparation of an antioxidant additive
combination for lubricating oils by combining (2) a sulfur containing molybdenum compound
15 prepared by reacting an acidic molybdenum compound, a basic nitrogen compound, and a
sulfur compound, with (b) an aromatic amine compound.
U.S. Patent No. 4,395,343 discloses antioxidant additives for lubricating oil that are
prepared by combining (a) a sulfur containing molybdenum compound prepared by reacting an

acidic molybdenum compound, a basic nitrogen compound, and carbon disulfide, with (b) an

20 organic sulfur compound.



an organi ¢ sul fur conpound. U S. Patent No. 4,370, 246 di scl oses the
preparation of an antioxidant additive conbination for lubricating oils by
conbi ni ngwoap/oes4stil f ur cont ai ni ng nol ybdenum conpound 15 pemdasat/ezsiby
reacting an aci di ¢ nol ybdenum conpound, a basic nitrogen conpound, and a
sul fur compound, with (b) an aromatic am ne conpound. U.S. Patent No.

4, 395, 343 di scl oses anti oxi dant additives for lubricating oil that are
prepared by conbining (a) a sul fur containing nolybdenum conmpound prepared

by reactingns. Pagit Wi 42002)820 ANBsELMPOWAGHt 28difesd ©r Hib}iﬁglkﬂm%rbiptﬂé'ﬂ)ﬂé’”d1 and

carbon disulfide, with (b) an 20 organic sul fur conpound. -6 WO 03/008428

PCT/ US S : .scl ases antioxi.dant additives
for | ugﬁpgietﬁi]bﬁgco&b&rﬁ@ Qgélg]}'% P gpén?r%ngég%%% ér?%r?é’ uflcg?r egarseﬂ ¥ ﬁ?acﬁ%?léi ni ng
nmol ybdenum conpoun epared by reacting.an ammoni um thi opol ybdat e

conpou ﬁ@nownﬁu%gy@{aﬁqmgﬁxtmﬁ%lwgeﬂ compoun, BithR) en Organie
conpound. 5 U S. Patent No. 4,428,848 discl oses conpounds prepared by the
react i Sefwfcompourfiuct of a phosphosul furi zed pol yi soal kyl ene or al pha
olefin with an acidified hexaval ent nolybdenumsalt which is said to give
enhanced copp®rPator Nos#@28348 tisclosescongloands\repaded Biethe Redttion by Hdediuey
treated adducts when incorporated in lubricants. Al so disclosed is the

conbi naf 4 phosphosillifizdaqyaauAg etk R aBha blafin Wichlah dbisicingpharanat e, whi ch

conbination 10 inparts to lubricants an oxidation inhibition that is said

to be l: i.n e.wth ither the zinc.. .

di al kyﬁ{gﬁﬁ)ﬁlg%uﬁéuospﬁg?%gg%%ttﬁgwﬁoﬁny%%éa% ﬁﬁ?pce DRSO hBrOLHaR relaffvs i they o)
Pat ent No. 4, 4(1174, 673 d& s&l oses, antifriction %ddi tives for lubricating oil
t hat ap@r-molybdenum treated adducts when incorporated in lubricants. Also disclosed is the

combination of such compounds with a zinc dialkyldithiophosphate, which combination
10 imparts to lﬁbricants an oxidation inhibition that is said to be greater than is obtainable with
either the zinc dialkyldithiophosphate or the molybdenum-containing adduct alone.

U.S. Patent No. 4,474,673 discloses antifriction additives for lubricating oil that are
prepared by reacting a sulfurized organic compound having an active hydrogen or potentially
active hydrogen with a molybdenum halide.

15 U.S. Patent No. 4,479,883 discloses a lubricating oil composition that is said to have
particularly improved friction reducing properties that comprises an ester of a polycarboxylic
acid with a glycol or glycerol and a selected metal dithiocarbamate and that contains a
relatively low level of phosphorus.

U.S. Patent No. 4,501,678 discloses a lubricant containing molybdenum

20 dialkyldithiocarbamates that is said to be useful for improving the fatigue life of gears.



prepared by reacting a sul furized organi c conpound having an active

hydr ogen or potentially active hydrogen with a nol ybdenum halide. 15 U S
Pat ent NowO4d3ATR2883 di scl oses a |ubricating oil conpositipon/tSaa2si1s said
to have particularly inproved friction reducing properties that conprises
an ester of a polycarboxylic acid wth a glycol or glycerol and a sel ected
nmetal dithiocarbamate and that contains a relatively |Iow | evel of
phosphorus. U. S. Patent No. 4,501,678 discloses a |ubricant containing

mol ybdenum @s.@ﬁé&w&uzﬁsmgﬁﬁa%s%ﬂuﬁﬁ@% il padidvd e%ea!ﬁgfréé'cth%a
inmproving the fatigue life of gears. -7 03/008428 PCI/ USOL/ 22517 U. S.

Pat ent 3 i ri LN il _additive.prepared by
reacti H[}ﬁ%ceﬁ%‘?g@%éb%f@é‘ﬁgégc%ﬁggm %dsr}%(t} Orﬁ&t%rrl %é%ﬁg%%% Hﬁdrefa%t"%)tﬁﬁf%?c @hct i on
product, reacting the reaction roduct with an aci di c no] ybdenum conpound
to for MOgHCt ‘ﬁ'ﬁ%?ﬁéﬂ?‘ﬁt"é‘ﬁ?@%‘ﬂ‘ﬁ B?‘H@J@tf?"%ﬁ‘?ﬂlm"?r@éé‘ﬂeﬁﬁaqtﬁé Profust: RBdi at e
reaction product with a sulfur compound. 5 U. S. Patent No. 4,889, 647

di scl oEeestinghihy hiemediate restteotepsodirct pathadsulfyir eamapatindg (a) a fatty oil, (b)
di et hanol am ne, and (c) a nol ybdenum source. The conpl exes are said to

i npart anti Ur$.dtatenn Nand, 83064 Weselopgsapstybdensmtconipldttd srapdrod by esapaed (a'?)ons and
to decrease fuel consunption in internal combustion engines. U S. Patent
No. 4, 982496 (&b cﬁ&hﬁﬁﬁaﬁniﬁe,|aH@(d)‘é%bl9&ieﬁ9HH%ﬁtf%! e COMPlekeY 429 sdtg R or 10
anount of "an oi'l of lubricating visCosity and a m nor anount of an additive
havi ng. f ol 2.4 wher ei.n s .a ligand sel ect fyom xant.hat es and
ot ur e ARt ap B BBl s o Wby Rtied PR R o R Ao SEPFMEIER number
of carbon atqns, to render, the additive soluble in the oil. 1n general, the
xant hafnsppgaeRyin ipterggl combyishian engings. 2 t o 30 carbon at ons.

U.S. Patent No. 4,995,996 discloses a lubricating composition comprising a major
10 amount of an oil of lubricating viscosity and a minor amount of an additive having the formula
Mo,L, wherein L is a ligand selected from xanthates and mixtures thereof and, in particular,
xanthates having a sufficient number of carbon atoms to render the additive soluble in the oil.
In general, the xanthate ligand, L, will have about 2 to 30 carbon atoms.
U.S. Patent No. 5,605,880 discloses a lubricating oil composition which is obtained by
15 containing in (A) a base oil in which the content of the aromatic ingredients is 3.0% by weight
or less, N is 50 ppm by weight or less, S is 50 ppm by weight, and the viscosity is 2.0-50.0
mm?’/s, based on the total weight of the composition, (B) 0.05-2.0% by weight of
alkyldiphenylamine(s) and/or phenyl-&-naphthylamine(s) and (C) MoDTC of C,_,; and/or C, ;4
in an amount of 50-2,000 ppm by weight in terms of the amount of molybdenum. Such a
20 lubricating oil composition is said to have high heat-resistant properties, a high stability to
oxidation, and improved friction characteristics, and is suitably used especially as a lubricating

oil for internal combustion engines.



U S. Patent No. 5,605,880 discloses a lubricating oil conposition which is
obtained by 15 containing in (A) a base oil in which the content of the
aronmat i c wogseisesnits is 3.0% by weight or less, Nis 50 pomusgr/esight or

|l ess, S is 50 ppm by weight, and the viscosity is 2.0-50.0 m2/s, based on
the total weight of the conposition, (B) 0.05-2.0% by weight of

al kyl di phenyl am ne(s) and/ or phenyl - a- napht hyl am ne(s) and (C) MDTC of

C8 23 and/or C3 18 in an anount of 50-2,000 ppm by weight in terns of the

aroun o TRLYIERU, 4008y 0SB ERALIRS B o BERER MER bR © "

inproved friction characteristics, and is SU|tabI used espeC|aIIy as a
| ubr i cabouid00 & #5¢ parts per arilian of mehbdenusnirengi Melybdengm gonyguod whizh 1s

PCT/ USCOL/ 22517 U. S. Patent No. 5,650,381 discloses a |lubricating oi
conpos isitbiseantistyi fede ofeptivd sudfuf nadataino @50 tba0mpattsdepariliion pfa serohdarpn of
nol ybdenum from a nol ybdenum conpound which is substantially free of

active gailifdine. ams BRYInat P ot RgredRBR iPAId ® f6Videihproo8d lidaicnreansar y
d| aryl am’ne. This conbination of ingredients is said to provide inproved

dat ' 1%1 fric ﬁpﬁ 51% ifRr sgigoﬂiﬂan?é {0 a?q%qatlngtoﬂpef Q:r Bgﬁoﬁ a&apt?cula%g shigad 1 N9

Re” E6HB03) |on I's I cu se as crankcase
I ubrl c nt. (See, I SO 307, 2 ent No. 5,688, 748 di scl oses
a | ubr f¥tsP @aﬁ‘iap ﬁ{ﬁ’(’?é‘ﬁ“}t isefeoﬁls?ﬁ‘?gr %’gp'?zég ustion engines which is

said to have high resistance to oxidation by nitrogen oxides, excellent
friction chikSdiatentNo. 5588148 dissloses alubicasing pbcomppsidomfogadenal i od, and t he
ability to 10 reduce the fuel consunption for a prol onged period. The
| ubr i cabmbgstioh knginespwbith Isaaidaomhaishigh resfstaacdmsexiditionbyinitcogealokidegonsi st i ng
of a hydrocarbon oil which has a dynamc viscosity of 2-20 m¥/s at 100 C
and CoRLANIBS filcti¥n HhafcteiSES tREQTRhinfik@ TRCN S chge pb9édiland 4R Wiy & nore
10 reduce the fuel consumption for a prolonged period. The lubricating oil composition consists
of a base oil principally consisting of a hydrocarbon oil which has a dynamic viscosity of 2-20
mm?/s at 100° C and contains 3 wt % or less aromatic components in total, 45 wi% or more
one- and two-ring naphthenes in total, 50 wt ppm or less sulfur and 50 wt ppm or less
nitrogen, to which are added, with respect to the total weight of the composition, 0.02-0.2 wt
15 % as molybdenum of molybdenum dithiocarbamate, 0.02-0.15 wt % as phosphorus of zinc
dithiophosphate, and 0.05-3 wt % of phenol-based antioxidant. The lubricating oil
composition is said to have a low friction coefficient, which is maintained for a prolonged
period even after oxidation by nitrogen oxides.
U.S. Patent No. 5,840,672 discloses antioxidant compositions comprising (A) at least
20 one secondary diarylamine, (B) at least one sulfurized olefin and/or sulfurized hindered phenol,
and (C) at least one oil soluble molybdenum compound. These antioxidant compositions are

said to be highly effective at providing oxidative stability to lubricating compositions,

especially for highly saturated, low sulfur lubrication base oils.
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one- and two-ring naphthenes in total, 50 wt ppmor |ess sulfur and 50 w
ppm or |ess nitrogen, to which are added, with respect to the total weight
of the cowpasiotdses, 0.02-0.2 wt 15 % as nol ybdenum of nolpgrdsaueast?

di t hi ocarbamate, 0.02-0.15 wt % as phosphorus of zinc dithiophosphate, and
0.05-3 wt % of phenol -based anti oxidant. The lubricating oil conposition
is said to have a low friction coefficient, which is maintained for a

prol onged period even after oxidation by nitrogen oxides. U S. Patent No.

5,840, 672 ditss! maaR NI6I103i6JaMisclRBRORbEERAS off ABWEIL S tHAD cdPrirdk tecast 20
one secondary diarylamne, (B) at |east one sulfurized olefin and/or

sul furj I . phenol, and (C) at |east one oil sol uble nol ybdenum
conpou%%’fagq‘lﬂ llsz)glﬁgtﬁ#i oxi dant conpositions are said to be highly effective

at providing oxidative stability to |lubricating conpositions, especially
for highly 3k ur &PEH%*‘? "%Rﬁﬁ?ﬁls?tﬂ%t‘?‘ﬁ?iﬁfeaﬁ?‘ base oils. -9 WD 03/008428
PCT/ USO1/ 22517 U.S. Patent No. 6,103,674 discloses a |ubricating oil

addi tive thél) cospsidnesofithe forplgst i on product of (a) an unsaturated or
saturated ester or acid, (b) a diamne of the formula: 5 /R9" RLO Ra H2N
NHbBW (c) carbon disulfide, and r(d) a npl ybdenym conpound, wherein R$ is an
al kyl group of 1 to 40 carbon_afdns, RI dnd RI0* are i ndependently sel ected

10 aliphatic or aromatic mofdties, Wis on‘ben, sul fur, or -CHZ . The
additive inparts friction

() carbon disulfide, and
(d)  amolybdenum compound,
wherein R, is an alkyl group of 1 to 40 carbon atoms, R, and R, are independently selected
10 aliphatic or aromatic moieties, W is oxygen, sulfur, or -CH,-. The additive imparts friction
modification and beneficial antiwear, extreme pressure, and oxidation stability properties to
the lubricating oil.
U.S. Patent No. 6,117,826 discloses dithiocarbamyl derivatives that are useful as
multifunctional additives for lubricating oils.
15 EP 719313 B1 broadly claims molybdenum dialkylthiocarbamates (C,,,) and alkylated
diphenylamines in lubricating oils.
The disclosures of the foregoing references are incorporated herein by reference in

their entirety.

20
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nodi fication and beneficial antiwear, extreme pressure, and oxidation
stability properties to the lubricating oil. U S. Patent No. 6,117,826
di scl oseswoioBlobssear banyl derivatives that are useful as martishugasti onal
additives for lubricating oils. 15 EP 719313 B 1 broadly cl ai ns nol ybdenum
di al kyl t hi ocarbamates (C7_24) and al kyl ated di phenylam nes in |ubricating
oils. The disclosures of the foregoing references are incorporated herein
by reference in their entirety. 20 -10 WO 03/008428 PCT/ US01/ 22517
SUMVARY OF THE | NVENTI ON The present invention provides a |ubricating oil
organo-i m do mol ybdenum cOHMMARY, §HF TH%WYENTE%HS friction

nodi fication properties to a lubricant. Mre particularly, the present

i nvent i on i Theipresettdavention pooidpos lubrioaingf oihedghes-imido amigbdemim gomplernpound
of the fornmula (Z-N=)2Mb(S2CNR2)2 wherein Z and R are independently

sel ect gayifivOfRat Hasts FHRioRRIifRdatiBE pRipetticd @8k Iib¥EARCAr bon  groups, branched
hydr ocar bon groups, cyclic hydrocarbon groups, and m xtures thereof. In

anot her enbgdi . Y ] i i . ri cant
addi 11 ve 10trSabculats, &E GRABY ivekEt s helidg 0} EHENIA obdtBh PO
wherein Z and R are indefpﬁnpently selected fromthe group consisting of
| i hear SHYBTGRRR geRpound of the formula

(Z-N=),Mo(S,CNR,),
wherein Z and R are independently selected from the group consisting of linear hydrocarbon
groups, branched hydrocarbon groups, cyclic hydrocarbon groups, and mixtures thereof.
In another embodiment, the present invention is directed to a lubricant additive
10 comprising a compound of the formula
(Z-N=),Mo(S,CNR,),
wherein Z and R are independently selected from the group consisting of linear hydrocarbon
groups, branched hydrocarbon groups, cyclic hydrocarbon groups, and mixtures thereof.
In still another embodiment, the present invention is directed to a method for reducing
15 the coefficient of friction of a lubricant comprising adding to said lubricant a compound of the
formula
(Z-N=),Mo(S,CNR,),
wherein Z and R are independently selected from the group consisting of linear hydrocarbon
groups, branched hydrocarbon groups, cyclic hydrocarbon groups, and mixtures thereof.

20
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groups, branched hydrocarbon groups, cyclic hydrocarbon groups, and

m xtures thereof. In still another enbodi nent, the present invention is
di rect ed wo oaoeme$hod for reducing 15 the coefficient of fCratSooemsef a

| ubricant conprising adding to said lubricant a conpound of the fornula
(Z-N=) 2Mo(S2CNR2) 2 wherein Z and R are independently selected fromthe
group consisting of |inear hydrocarbon groups, branched hydrocarbon
groups, cyclic hydrocarbon groups, and m xtures thereof. 20 -11 WO
03/008428 PCT/ US I PREFERRED. ENVBODI MENTS As

di scl osed above, %ééﬁIEWﬁMﬁpeﬁﬁ POV hposi ti on of
matter that is_ useful as a friction-nodifyi ng additive to |ubricants,
especi al | y WAstshisclosed phpvsi the prepaat investiomisidinegtsd te a gompasidemer reatter Hatisor nul a
5 (Z-N=) 2Mo(S2CNR2) 2 wherein Z and R are independently selected fromthe
group aesefsliastaifrigliaf-mbiifgag additiveotodutiviwants,grspeqially lbbrinating dildykheocar bon
groups, cyclic hydrocarbon groups, and m xtures thereof. Preferably, the

hydr oc abRpésitdso RohPbaid 6fthb foriime from 1 to about 44 carbon atoms, nore
preferably from1l to about 22 carbon atons. The hydrocarbon groups can be

fukly 10 saturated or partial |l y, s and can have either a straight
chgi n or a branched chain or ﬁyl%g‘gé\(s?%ﬁg\f)él ic. Thus, R and Z can, for

D g, B S iRty Seletrom thelHroty tansistog U inghe gEgHB0m, oy 1

decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl,
hept ad&E3HpS, h;@nc@g@bydrpcgb@y groups, cyclic hydrocarbon groups, and mixtures thereof.

Preferably, the hydrocarbon groups referred to have from 1 to about 44 carbon atoms,
more preferably from 1 to about 22 carbon atoms. The hydrocarbon groups can be fully

10 saturated or partially unsaturated and can have either a straight chain or a branched chain or
they can be cyclic. Thus, R and Z can, for example, independently be methyl, ethyl, propyl,
butyl, tert-butyl, pentyl, hexyl, 2-ethyl hexyl, heptyl, octyl, isooctyl, tert-octyl, nonyl, decyl,
undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, oleyl,
nonadecyl, eicosyl, heneicosyl, docosyl, tricosyl, tetracosyl, pentacosyl, triacontyl,

15 pentatriacontyl, tetracontyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and the like, and
isomers and mixtures thereof. Additionally, contained within the chains of R and/or Z may be
ester groups or heteroatoms, such as oxygen and sulfur, which may take the form of ethers,
polyethers, and/or sulfides.

The additives of the present invention can be synthesized by the following scheme:

20 (Z-N=),MoCL,*DME + 2 LiS,CNR, ~ (Z-N=),Mo(S,CNR,), + 2LiCl + DME

wherein Z and R are independently selected from the group consisting of linear hydrocarbon

groups, branched hydrocarbon groups, and mixtures thereof.
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nonadecyl, eicosyl, heneicosyl, docosyl, tricosyl, tetracosyl, pentacosyl,
triacontyl, 15 pentatriacontyl, tetracontyl, cyclopropyl, cyclobutyl,

cycl opentwyb,0309sskohexyl , and the like, and isoners and mPxrurses215her eof
Additionally, contained within the chains of R and/or Z nmay be ester
groups or heteroatons, such as oxygen and sul fur, which may take the form
of ethers, polyethers, and/or sulfides. The additives of the present

i nvention can be synthesized by the follomtng schene 20 (Z N=) 2MoCl 2* DVE
+ 2 Li SZCNR2 - N=) 2Mo( S2CNR2) 2 + 2L rein Z and R are

i ndependent |&h ‘BE%3@“*@5ﬁ?@ﬁéﬂﬂPGbED%%%§Ws??ﬁ@d%#Y1heﬁ§§P°ﬁ9ﬁk%@hrbon
groups, branched hydrocarbon groups, and m xtures thereof -12 WO 03/008428
PCT/ US@nd/2p braiche@itatkybanzingsi wigh MajMoOat DME(dimetis@Bsha)FE, can be made by the
reaction of |inear and/or branched al kyl am nes with Na2MoO4 + DME

(di met hepy@iRiehloride. tri net hyl silyl chloride. Li S2CNR2 can be nade by
reacting butyl I ithiumw th a secondary amne, followed by 5 reaction with

carbon di sulffié ?ﬁ bﬁ XAEPh realch%bﬁ'tgﬁlﬂ?m witt-h W%ﬂddf}j I5.‘1%‘3?16"fo(ﬁggved NCS2

Li + The addltlﬁes o} s in ent| used wt w t hout er
friction nodifi he a th artial or conplete repl acenent for t hose
cur r entF3PHGR 3] %‘??89%1@&%‘181 ?ér B’éfqps%d in 10 combination with other
additives typically found in nptor oils, as_well as other ashless anti -
wear additives and other anti okiBHAERNRTYENBY additives found in

| ubricating oils are dispersants, detergents corrosion/rust inhibitors,
antioxi dants, e.g., secondar yLidilR,reCS, - RZNCSZ'Li+

The additives of this invention can be used with or without other friction modifiers as
either a partial or complete replacement for those currently used. They can also be used in
10 combination with other additives typically found in motor oils, as well as other ashless anti-
wear additives and other antioxidants. Typical additives found in lubricating oils are
dispersants, detergents, corrosion/rust inhibitors, antioxidants, e.g., secondary amine
antioxidants, hindered phenolic antioxidants, sulfur-containing hindered phenolic antioxidants,
sulfurized olefins, thiadiazoles, metal deactivators, antiwear agents, e.g., zinc
15 dialkyldithiophosphates, antifoamants, friction modifiers, seal swell agents, demulsifiers,
VI improvers, and pour point depressants. See, for example, U.S. Patent No. 5,498,809,
incorporated herein by reference, for a description of useful lubricating oil composition
additives.
Examples of dispersants include polyisobutylene succinimides, polyisobutylene
20 succinate esters, Mannich Base ashless dispersants, and the like. Examples of detergents
include metallic phenates, metallic sulfonates, metallic salicylates, metallic calexranes, and the
like. Examples of friction modifiers that can be used in combination with the friction modifiers

of the present invention include fatty acid esters and amides, glycerol mono oleate, organo
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ant i oxi dants, hindered phenolic antioxidants, sulfur-containing hindered
phenolic antioxidants, sulfurized olefins, thiadiazoles, netal

deact i vatwog3/oes3es wear agents, e.g., zinc 15 dial kyl di t hi echasphaases,
antifoamants, friction nodifiers, seal swell agents, denulsifiers, Vi

i nprovers, and pour point depressants. See, for exanple, U S. Patent No.
5,498,809, incorporated herein by reference, for a description of useful
lubricating oil conposition additives. Exanples of dispersants include

SR S S e L e e T A

netallic phenates, netallic sulfonates, netallic salicylate netallic
cal exr ditiephasphateshend thieltise. Areerpinple ofan ptifeamnant inpsdysilpsane, amfa&he dé be used
in conmbination with the friction nodifiers of the present invention

i ncl udanfebinple@t i dust dihbbitor dsblpakydikslengpolysts, ahd nimnlikeo IBatplesof ¥dno - 13 WO
03/ 008428 PCT/ US01/ 22517 nol ybdenum conpounds, nol ybdenum

d' al kyinﬁér%bér@ﬁ'ﬁl’l}a@%Pe&iﬁ%og@i?hﬁg%ﬁlﬂmpgﬂsﬁ{t%yéﬁn BpbHineRhesPHRRS, Aand t he

exanpl e an a foamant is polysiloxane, and the like. An

I f h | k I d the lik
Exéggl g)éao § ygﬁt’wgg{}glfér%gsﬁgﬁs%glyg'ﬁéﬁ%n éﬁ(l)a% i ra}s{gg}r??l |n spfargan!t gl efin

copolyners, _and the like., An 5 exa oi nt depr
pol y(met hyl B mﬂﬁ%?gﬂ%‘%’ﬂam&ﬁ‘é“’tvﬁ%m eE‘)? ICQEA%W“%W@Q}%% lt“ffaé?ftl ves

that can be used in combination with the additives of the pr esent

i nvent therpreseot ndentiah kndhedeadkydhiteh dipiénataimiees and i-alk dpted iphewsdenediamines.

phenyl enedi am nes. Secondary di aryl am nes are well known anti oxi dants and
there Becdhdaiyaidrianink afed®éll kitdwroantioridaiith énd theee ioho peizntiarestribitian pham ne

that can be used in the practice of the present invention. 10 The secondary
di aryl §{f e Ly REofiarPihlyRlifAMht L 1R dsttPh!thbrabiceUthdprR¥ M Giveticiy N€r 9i Sti €
10 The secondary diarylamine type of antioxidant in a lubricating oil provides a synergistic
antioxidant mixture with the additive of the present invention. Preferably, the secondary
diarylamine antioxidant is of the general formula R,,—NH-R,,, where R;; and R;, each
independently represent a substituted or unsubstituted aryl group having 6 to 46 carbon atoms.
Illustrative of substituents for the aryl group are aliphatic hydrocarbon groups such as alkyl
15 having 1 to 40 carbon atoms, hydroxyl, carboxyl, amino, N-alkylated amino, N’,N-dialkylated
amino, nitro, or cyano. The aryl is preferably substituted or unsubstituted phenyl or naphthyl,
particularly where one or both of the aryl groups are substituted with alkyl such as one having
4 t0 24 carbon atoms. Preferred alkylated diphenylamines that can be employed in the practice
of the present invention include nonylated diphenylamine, octylated diphenylamine (e.g.,

20 di(octylphenyl)amine), styrenated diphenylamine, octylated styrenated diphenylamine, and

butylated octylated diphenylamine.
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antioxidant m xture with the additive of the present invention. Preferably,
the secondary diarylamne antioxidant is of the general formula

R11- NH- RIRO oafoes4e8 R11 and R12 each independently represerCTAISSUSIT t ut ed
or unsubstituted aryl group having 6 to 46 carbon atons. Il lustrative of
substituents for the aryl group are aliphatic hydrocarbon groups such as

al kyl 15 having 1 to 40 carbon atonms, hydroxyl, car boxyl am no,
N-al kyl at ed_am ted amn e.aryl is
preferably ?E%%lilyltfﬁ?létéfoé ﬁl? g’t"i“taﬁqnéﬁcﬁ? Yﬁ/f“‘% Faﬁgﬁ‘ﬁ S)/rlabraﬁcg}e{il cularly
where one or both of the aryl groups are substituted with alk such as one
havi ngchain, twhichicapdesisherat foly satymatedearraguartidlly yhsatwrdtedihydeeprogtric @Q, e&at can
be enployed in the practice of the present invention include nonyl ated

di pheniletil, Rehyl, Q%M'l dued shinphdryliaiets] hexyl heptyl) odiyl, aohyll ﬁd?@muhaﬂam ne),
styrenat ed di phenyl am ne, octyl ated styrenated di phenyl am ne, and

but yl a&&ﬁec?f: Er}q{ @%lefétrgéléwle BYABIECHE hexaﬁécﬂqegﬁ(i%ﬁ%%gddegﬂ ! 4601 1Ao°n%5§<zll The

al kyl nol e ¢arbon atons can have éi't her straight or a

b?QfB?’lﬁ?CE?ﬁg}% o PR T, 5o, pihrch Il 5@5?‘%& B 51 pent y1.

hexyl, 2-ethyl hexyl, tyl oct non ecyl, undecyl, dodecyl,
tri dectptracensyly arbibe it eﬁ@ﬁﬂ%ﬁﬁ@VF“H@?ﬁﬁ% ﬁopheptadecyl oct adecyl , ol eyl
nonadecyl, 5 eicosyl, heneicosyl, docos tricosyl, tetracosyl,

pent ac osyl Examplenoﬁdomepsemraham @WWCS tg%tcalab‘bcmp yedindhe peacti¢eef theind
i soners and m xtures thereof. Exanples of sone secondary diaryl am nes that

can bepreslt @wedidhintlo@e: Pdiphérylenind, dialig/latgd dipleshylahiive pidlioflatedic] ude:
di phenyl am ne, dial kyl ated di phenyl am ne, trial kylated diphenyl am ne, or

F\nl- )Shgﬁgﬁ’hﬁ‘{%‘%ﬂ r?§ I%g%g Sgﬁ‘léfg%fpg %}ML&% Pﬁeln y ﬁir%%ég?}y eﬁjed{mgﬁ‘lé{r{r%’zdm IHrr&t;no-1 0and/ or
diO N-phenyl-1,2-phenylenediamine, N-phenyl-1,4-phenylenediamine, mono- and/or di-
butyldiphenylamine, mono- and/or di-octyldiphenylamine, mono- and/or di-
nonyldiphenylamine, phenyl-ct-naphthylamine, phenyl-B-naphthylamine, di-
heptyldiphenylamine, mono- and/or di-(ot-methylstyryl)diphenylamine, mono- and/or di-
styryldiphenylamine, N,N’-diisopropyl-p-phenylenediamine, N,N’-bis(1,4-dimethylpentyl)-p-
15 phenylenediamine, N,N’-bis(1-ethyl-3-methylpentyl)-p-phenylenediamine, N,N’-bis(1-
methylheptyl)-p-phenylenediamine, N,N’-diphenyl-p-phenylenediamine, N,N’-di-(naphthyl-2)-
p- phenylenediamine, N-isopropyl-N’-phenyl-p- phenylenediamine, N-(1,3-dimethylbutyl)-N’-
phenyl-p- phenylenediamine, N-(1-methylpentyl)-N’-phenyl-p- phenylenediamine, N-
cyclohexyl-N’-phenyl-p- phenylenediamine, 4-(p-toluenesulfonamido)diphenylamine,
20 4-isopropoxydiphenylamine, tert-octylated N-phenyl-1-naphthylamino, and mixtures of mono-

and dialkylated t-butyl-t-octyldiphenylamines.
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but yl di phenyl am ne, nono- and/or di-octyl di phenyl am ne, nono- and/or di-
nonyl di phenyl am ne, phenyl-c -napht hyl am ne, phenyl -(3-napht hyl am ne, di -
hept yl di pwereglessehe, nono- and/ or di-(cc-met hyl styryl)di piremguisan?2se¢7 nono-
and/or di styryldi phenyl am ne, N, N -diisopropyl -p-phenyl enedi am ne,

N, N - bi s(1, 4-di met hyl pentyl)-p- 15 phenyl enedi am ne,

NN - bi s(1-ethyl - 3-net hyl pentyl ) - p-phenyl enedi am ne, N, N -bis(1-

e Y hoone hpho B PRERACASEE Al anlt Hes ol GRRYLCPRUBRRILENE WO S N N

R 0 s o6 i rovant g 1 S ekl i s st 8 ¥t 81 SSLad' e
cycl ohexyl - N - phenyl - p- phenyl enedi an ne, )
4- ( p- t phenehe serhpamesi niay) i listesrafiylateh monohenols sbigiaspb RydfpgHeengsani ne,

tert-octylated N phenyl-I-naphthylam no, and m xtures of nono- and

di al kyhywtreglate® tHiydipienpiCathdrs]iafiiytidatiebiviphersols, bed4yl cap &idkif) Giddiaminophenols,
PCT/ US01/ 22517 Anot her exanple of the antioxidant types that can be used

i ng Cona{d‘?skér%mme% beniRfdid vﬁﬁéﬁ@-gﬁfb {it0RAPIERER S VBN pRFerted t he hinder ed
ype. As Il eo 0|F

phenol 1 ustrati sol ubl'e phenoli ¢ conmpounds, may be

listed kyl at e nophenol s, alkyl.at,e roguingnes hydr. aped

t hi odi Bﬁaé?fi)lﬁne’é&‘%éggl?regﬁngw‘&éoﬁ‘e 1%§é‘%hbélﬁ’é%€y“g§$¥2}§7%r%"é"n‘%‘S’&%%‘[s“,?’w‘bf&

acyl am nophenol s, 5 and esters and am des of hjndered, phenol -substituted
al kanobranghedgdkylgster 9 B,0efidrbuba V- S RIbANFERKIUESS t W@Oéﬂf%%n{dei? /Rt i on,

3,5-di -t-butyl -4-hydroxy-hydroci nnam c acid, a C7-C9 branched al kyl ester
of 2, 6lubliiednt lsompbsipersr esol , and mi xtures thereof are included in the

| ubri cant conpositions. Another exanple of an antioxidant type that can be

used in compinBetel Bxumpld 6F dnhmtiodi@aradgihd th¥en ok ubditinRbadiAtion pitdnké on are oi |
sol ubl e copper conpounds, and the |1 ke.
10 additives of the present invention are oil soluble copper compounds, and the like.
Examples of antiwear additives that can be used in combination with the additives of
the present invention include organo borates, organo phosphites, organic sulfur-containing
compounds, zinc dialkyl dithiophosphates, zinc diaryl dithiophosphates, phosphosulfurized
hydrocarbon, and the like.
15 Suitable phosphates for use as antiwear agents include dihydrocarbyl dithiophosphates,
wherein the hydrocarbyl groups contain an average of at least three carbon atoms. Particularly
useful are metal salts of at least one dihydrocarbyl dithiophosphoric acid wherein the

hydrocarbyl groups contain an average of at least three carbon atoms. The acids from which

the dihydrocarbyl dithiophosphates can be derived can be illustrated by acids of the formula

20 o
R160\| | _sH
P

OR

17
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Exanpl es of antiwear additives that can be used in conbination with the
additives of the present invention include organo borates, organo
phosphi t e80 oatogsams ¢ sul fur-contai ning conpounds, zinc di CHS01/22517

di t hi ophosphates, zinc diaryl dithiophosphates, phosphosul furized

hydr ocarbon, and the like. 15 Suitable phosphates for use as antiwear
agent s include dihydrocarbyl dithiophosphates, wherein the hydrocar byl

Ocet b e Rog s Raprasngrent of GgeERoing o A KPRy A SR BT ¢ aci o

wherein the hydrocarbyl groups contain an average of at |east three carbon

at ons.sulf¥tiguted isaastantishy bidreqarbanradigd KipEvavas By Ay AL L, NG SFHERE 889 can be
derived can be illustrated by acids of the formula 20 S R16O1 I/SH P
ORL7 -viGerMOtRSRQARE RS, RETps\iBHHe 225dich haheoriverszedt least tRE? catben@isane or
different and are al kyl, cycloal kyl, aral kyl, alkaryl, or substituted

subst agy é@honthng HOGREREEN Tid dicand radiesls vaithivig sabstianit @loubhiée. @ponetogr oups
and wherein the"Rl6 and R17 groups in the acid each have on average at

L ﬁf;i }Q{]sgl%gﬁt%rg% I"%r%axgﬁsop’éls radio%)’nf(')ge_ shanid &ftlég}/eéfeffﬁﬁiﬁ%&%mﬁﬁ%eh%ﬁ%%t radi cals

nt- groups ., one 5 four ‘substituent groups per
radi cal nmoiety) such as ether, ester..nitro, or hal ogen that do not
nat er iIE@tFValblfafféE'i 'H]Fili‘éégrﬁﬁ%fﬁ’%%ﬁaﬁ er eGPl of the radical. Specific
exanpl es of suitable R16 and R17 radicals include isopropyl, .isobutyl,
n-butyl,  sSpechistexamples Aésojtable Repingl Ry sadiqatsyinclydsdsaproryli eIty +-"upkooct yi |
decyl, dodecyl, tetradecyl,
sec-butyl, n-hexyl, heptyl, 2-ethyl hexyl, diisobutyl, isooctyl, decyl, dodecyl, tetradecyl,
hexadecyl, octadecyl, butylphenyl, o,p-dipentylphenyl, octylphenyl, polyisobutene-(molecular
10 weight 350)-substituted phenyl, tetrapropylene-substituted phenyl, 3-octylbutylnaphthyl,
cyclopentyl, cyclohexyl, phenyl, chlorophenyl, o-dichlorophenyl, bromophenyl, naphthenyl,
2-methylcyclohexyl, benzyl, chlorobenzyl, chloropentyl, dichlorophenyl, nitrophenyl,
dichlorodecyi, xenyl radicals, and the like. Alkyl radicals having from about 3 to about 30
carbon atoms and aryl radicals having about 6 to about 30 carbon atoms are preferred.
15 Particularly preferred R, and Ry, radicals are alkyl of 4 to 18 carbon atoms.
The phosphorodithioic acids are readily obtainable by the reaction of phosphorus
pentasulfide and an alcohol or phenol. The reaction involves mixing, at a temperature of about
20° C to about 200° C, four moles of the alcohol or phenol with one mole of phosphorus

pentasulfide. Hydrogen sulfide is liberated as the reaction takes place. Mixtures of alcohols,

20 phenols, or both can be employed, e.g., mixtures of C; to Cy alcohols, C to C;y aromatic

alcohols, etc.
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hexadecyl, octadecyl, butyl phenyl, o, p-dipentyl phenyl, octyl phenyl,

pol yi sobut ene- (nol ecul ar 10 wei ght 350) -substituted phenyl,

t et r apr opyDanmeseabst i t ut ed phenyl, (3-octyl butyl napht hyl, pCayushopesmt yi ,
cycl ohexyl, phenyl, chlorophenyl, o-dichlorophenyl, bronophenyl,

napht henyl , 2-net hyl cycl ohexyl, benzyl, chl orobenzyl, chl oropentyl,

di chl orophenyl, nitrophenyl, dichlorodenyl, xenyl radicals, and the |iKke.

Al kyl radicals hayin om..abou aryl
radi cal s ha %gwﬁ%gﬁﬁﬁ%&1%dgﬁﬁa%hémhég?@%ﬁ5g§%%§ﬁ§&§9%§§:ggﬁg-ﬁ915
Particularly preferred R16 and R17 radicals are alkyl of. 4.to 18 carpon

at ons. MYas, FHBERWS dead: timi el d&BV‘Bsmé?g@n?ﬁaﬂ?qa!% @%[%%lkr‘ﬂibi‘é‘c Wg? Reefergedt ¢ on
of phosphorus pentasul fide and an al cohol or phenol. The reaction involves
m xi ngmetat. BExdneptpeofanetaleooponndsithat cag bereastedbwith the @cid diclydslithingl exddepf t he
al cohol or phenol with one nole of phosphorus pentasulfide. Hydrogen

sul fi dgthiugn hydeexidé dithiam caftendte dithivanpdnalas, pdameoxidd, sodinmshydfoxdde;ohol s, 20
phenol s, or both can be enployed, e.g., mxtures of C3 to C30 al cohols, C6

t o5 C30g &Hngiljgg{lﬁél LARA Bethfhte; lcdldmm&%&%éia& dﬁ@ﬂ_&&&? Pothdsidm oxikee metal s

useful to e phosphate salts include Goup | netals, Goup Il netals,

or o1 or baAstTe POl prova e el PRERRRE eGSR SRR I8 bl ° 10"

acid include |ithium oxide |'i t.hi um hydroxide, [ithiumca tionat e, lithium
pent y| BEENesHEHPXife, dRasaesius Jyiraride, MrgneriHe carpona; @ﬁgf@élflﬁbﬁﬁx e, sodi um

met hyl at e, sodi um propyl ate, sodi um phenoxi de, potassi um oxide, potassium
hydr oxindgnesimat ppilate, omptesivat phenpatig slcim medtydalsiven hydrpxide, caleiute, si | ver
carbonate, nagnesium oxi de, magnesi um hydr oxi de, magnesi um car bonat e,
Magnest4idmitd) hRtuth metRRRS SAleitiniropylitat @lciurn geaslatezipb exidx) e cal ci um

oxi de, cal ci um hydroxi de, cal ci um

10 hydroxide, zinc carbonate, zinc propylate, strontium oxide, strontium hydroxide, cadmium
oxide, cadmium hydroxide, cadmium carbonate, cadmium ethylate, barium oxide, barium
hydroxide, barium hydrate, barium carbonate, barium ethylate, barium pentylate, aluminum
oxide, aluminum prolylate, lead oxide, lead hydroxide, lead carbonate, tin oxide, tin butylate,
cobalt oxide, cobalt hydroxide, cobalt carbonate, cobalt pentylate, nickel oxide, nickel

15 hydroxide, nickel carbonate, and the like.

In some instances, the incorporation of certain ingredients, particularly carboxylic acids

or metal carboxylates such as small amounts of the metal acetate or acetic acid used in
conjunction with the metal reactant will facilitate the reaction and result in an improved

product. For example, the use of up to about five percent of zinc acetate in combination with

20 the required amount of zinc oxide facilitates the formation of a zinc phosphorodithioate.

-18 -



carbonate, calciumnethylate, calciumpropylate, calciumpentylate, zinc
oxi de, zinc 10 hydroxide, zinc carbonate, zinc propylate, strontium oxide,
st ront i unwbydfaesdpgle, cadm um oxi de, cadm um hydroxi de, ca&driusa/zztbonat e,
cadm um et hyl at e, barium oxi de, barium hydroxi de, barium hydrate, barium
carbonate, bariumethylate, bariumpentylate, alum num oxide, alum num
prolylate, |ead oxide, |ead hydroxide, |ead carbonate, tin oxide, tin

butylate, cobalt oxi cqbal t _hydyoxi de,. ¢ |t carpon C

pentyl at e, Weﬂ@arwnﬁmﬁﬁ@ggﬁphﬁfgﬁ{\%ﬁg@?'lﬁgglPﬁ?%%’lnt %1?’%8?1% C%Q& 8%t he

| ike. In sone instances, the incorporation of certain in redben ?

par t | Gukdargy nemberoxdyssied pasents inchrdingVal Patenbduipbaisés2 98U, 28°5M8P  amount s
of the netal acetate or acetic acid used in conjunction with the netal
react 631396(\1 a9, ai;llc&l3,14l42 18&? ahé Bneclb@ﬁesi mfo;:tudnatenmu;bdraue? heneini tyefovenge itpr oduct .
For exanple, the use of up to about five percent of zinc acetate in

combi nALik ktir g&t h 20 the required anmount of zinc oxide facilitates the

for mat 1 on o zinc phosphorodi thioate. -18 WD 03/008428 PCT/ US01/ 22517

e pr epar Isc? ﬂse ag ré ﬁ%ggglfbgs;ﬂg aﬁxﬂie&fbﬁ@ﬁn}é omml%éﬂagﬁmbrfc%f;fdhe art and

describ I Ssued patents, S. Patent
Nunbers 3,293, 181, 42 .8 closures of
whi ch @MPOUALSTISA ﬁ&ﬁ@(ﬂ%ﬁ‘é‘?f’@‘i? i ‘6335 ?‘ et Hc%,-g?ﬂ“g’% f‘i‘éﬁ ‘P‘“g?ﬁl“f Vﬁl“: Al so
useful as antiwear additives are am ne derivatives of dlthlophosphorlc aci d
conpoundapsmﬁﬂlasmmbﬁrd@@mmmbéaemmﬁul S. Patent No. 3,637,499, the
di scl osure of which is incorporated herein by reference in its entirety.
The zinc saffesziad &lt9RS méR rOMMoylyused ansntavdat wdditivea dfubiives oilim | ubr i cant
oil in amunts of 0.1 to 10, preferably 0.2 to 2, weight percent, based
upon the e & 0. 1) 96 Eprokrably®.2 to 2, weight percent, based upon the total weight of the
10 lubricating oil composition. They may be prepared in accordance with known techniques by
first forming a dithiophosphoric acid, usually by reaction of an alcohol or a phenol with P,S
and then neutralizing the dithiophosphoric acid with a suitable zinc compound.
Mixtures of alcohols may be used including mixtures of primary and secondary
alcohols, secondary generally for imparting improved antiwear properties, and primary for
15 thermal stability. Mixtures of the two are particularly useful. In general, any basic or neutral
zinc compound could be used, but the oxides, hydroxides, and carbonates are most generally
employed. Commercial additives frequently contain an excess of zinc owing to the use of an
excess of basic zinc compound in the neutralization reaction.

The zinc dihydrocarbyl dithiophosphates (ZDDP) are oil soluble salts of dihydrocarbyl

20 esters of dithiophosphoric acids and may be represented by the following formula

S s
Rwo\l | /S\Z11 /S\U _ORy,
OR OR

17 17
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10 lubricating oil conposition. They may be prepared in accordance with
known techni ques by first form ng a dithiophosphoric acid, usually by
reacti on wb canosakgohol or a phenol with PISS, and then neatresbi/zsny t he

di t hi ophosphoric acid with a suitable zinc conmpound. M xtures of al cohols
may be used including m xtures of primary and secondary al cohol s,
secondary generally for inparting inproved anti wear properties, and primary

o o hAERTE afd BDdd Aacslitth ] EshuBluc\Gich MR (RERoRBGMMAK) 2} v USET U L1

gener a‘iv ct’or zi'nc conpoun be used, but the oxides,

hydr oxi des, nd (bonat es. are nos ner.a . e

addi tives f?@ﬁﬁéﬁ@ﬁ?né Wﬁsﬂﬁegw%ﬁggl ?wi?%@c%afﬁﬁ¥F§QFH@£%§%m6 Ban
excess of basic zinc conpound in the neutralization reactlon The zinc

di hydrespeqigiyl prqﬁermddmd@mbatselgctect@gm)thag@m qongigfingfeinga| t s of

di hydrocarbyl 20 esters of dithiophosphoric acids and nmay be represented
by t hediflyldakibplgoshhites)|zincSiddyldiRii6ihdsphabes, alkytated, dipHenylamin€béndefd OR17 OR17
-19 WO 03/008428 PCT/ US01/ 22517 wherein R16 and R17 are as described in

conecy &e&‘?h&hdh@? a8 SMkakes thepsdtul . Where additional additives are
enpl oyed | he practlce of the present |nvent|on it is especially

preferred that th :
di al kyldith %) R%Slﬁ%at eg gﬁé&%}ggg& %3%‘5 10 §b§h&{2ﬁ&yﬁ;th€:§9§é ol
di phenyl am nes, hindered 5 al k) he ures thereof
Conposamsyets thatese E%‘?ﬂ“é(? i W@"%{iﬁé Hﬁa{]?t\ﬁé‘éamt@?ﬂ%%l g?prgf‘lé‘t% “énded into
t he base oil

effective amounts of such additives are illustrated as follows:

10 Compositions Broad Weight % Preferred Weight %
V.I. Improver 1-12 1-4
Corrosion Inhibitor 0.01-3 0.01-15
Oxidation Inhibitor 0.01-5 0.01-1.5
Dispersant 0.1-10 0.1-5
15 Lube Oil Flow Improver 0.01-2 001-1.5
Detergents/Rust Inhibitors 0.01-6 0.01-3
Pour Point Depressant 0.01-1.5 0.01-0.5
Antifoaming Agents 0.001-0.1 0.001 - 0.01
Antiwear Agents 0.001-5 0.001-1.5
20 Seal Swellant 0.1-8 0.1-4
Friction Modifiers 0.01-3 001-15
Lubricating Base Oil Balance Balance
25
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In anobunts that are effective to provide their normal attendant function.
Representative effective anbunts of such additives are illustrated as

foll ows: WO 0®00§ae%si ti ons Broad Weight % Preferred Wi ght ®CTNISD1/245mpr over
1-12 1-4 Corrosion Inhibitor 0.01 - 3 0.01-1.5 xidation Inhibitor 0.01 -
5 0.01-1.5 Dispersant 0.1 - 10 0.1 - 5 15 Lube G| Flow Inprover 0.01 - 2
0.01-1.5 Detergents/Rust Inhi bitors 0 01 - 6 0.01 - 3 Pour Point

Depr essant

Anti wear Ag é*eﬁégdltw@ 35 ¢yph 8;[13'(1; cﬁ g%? > |2 glﬁ? Ogé r%t Pfec%s%%;' - 01

Friction |Vbd|f|€l’8001-300115 Lubrlct Base I | an BI
25 2OPIWMQaddmgmmmtmnpzz@gronmﬁteéﬁﬁ@\tmaﬂaf ?Rﬁéé%né e d alnce
may be desirable, although not necessary, to prepare additive concentrat es
conpr i sdditiyes ofithisiinvattivd (Bcdontéintrate amowistpeeisibone defcrib¢d), togesherwith gaeli t i ves
of this invention (in concentrate anounts herei nabove descri bed), together

W th OfemoRrofRE Sthef add'wve@gﬂﬂ@ reonékitiatenelien( ddnetitonE enaddiive nitieme beingt i t uti ng
an additive m xture being referred to herein as an additive-package)

the ' ebyefesrree\éeca%lere‘ff}ggé id é’a%f’cw%aﬂaclpa%emﬁ&gby several additives can be added

simultaneously to the base oil to form the lubricating oil composition. Dissolution of the
additive concentrate into the lubricating oil can be facilitated by solvents and by mixing
accompanied by mild heating, but this is not essential. The concentrate or additive-package
will typically be formulated to contain the additives in proper amounts to provide the desired

10 concentration in the final formulation when the additive-package is combined with a
predetermined amount of base lubricant. Thus, the subject additives of the present invention
can be added to small amounts of base oil or other compatible solvents along with other
desirable additives to form additive-packages containing active ingredients in collective
amounts of typically about 2.5 to about 90 percent, and preferably about 15 to about

15 75 percent, and most preferably about 25 to about 60 percent by weight additives in the
appropriate proportions with the remainder being base oil. The final formulations can employ
typically about 1 to 20 weight percent of the additive-package with the remainder being base
oil.

All of the weight percentages expressed herein (unless otherwise indicated) are based

20 on active ingredient (AI) content of the additive and/or upon the total weight of any additive-

package or formulation, which will be the sum of the AT weight of each additive plus the

weight of total oil or diluent.
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simul taneously to the base oil to formthe lubricating oil conposition.

Di ssolution of the additive concentrate into the lubricating oil can be
facilitatwo obgposes vents and by m xi ng acconpani ed by m | eCwasbi/eag17 but
this is not essential. The concentrate or additive-package wll typically
be fornulated to contain the additives in proper anounts to provide the
desired 10 concentration in the final fornulation when the additive-package

is conbined with det erm ned. anount of base lubricant - he

subj ect adalt gepat shERaSHE sTBATT 8h g escBlRTauioR M e Lfves I unc
of base oil or_ other, conpatible solvents along wth other desirable

addi t i #eenceptratinnraagiag fiomeabert g tasakoyh s A Weighg pParcenty & FHGPEERtIORTANGE

coll ective anmounts of typically about 2.5 to about 90 percent, and

pr ef er fiblilye mtditirtes tanging fadmuabout®. 176 gbentt Ehweighhperoant based on dhetiotat vegightt 25 to
about 60 percent by weight additives in the appropriate proportions with

the repphBdficoRPbiifoRRSRefirkd. Aheefbir@tbbonkertrationtrinss fam ab6W @Y to t ypi cal |y
about 1 to 20 weight percent of the additive-package with the remai nder

ab ) f f . - | |
oehnd DR s wilibin peldon oft EncARLMAE ERMAALA ESRERBBER INSIBOM (10} €55

rwmse in are bas I ngredient (Al) content of the
addi ti and/ or upon .t he t ot al i ght, of. any_addi t,ive- pagkage or .
f or mul g? S8t RETC Q%ﬂi‘q adﬁlétwteﬁ%acﬁe%gl&dufﬂg aﬁl%rr\'ﬁé Of Afuegt Oggglﬁglg%aé'ingio\l} e plus
the weight of total oil or diluent. -21 WO 03/008428 PCT/US01/22517 In
gener aMscasiy | ubri cant conpositions of the present invention contain the
additives in a concentration ranging fromabout 0.05 to about 30 wei ght
percent. A hogeeni rtht hdditiveangehe fresent ineerdidd iatd useful irnmygariety 6fflobnicabogit 0.1 to
about 10 weight percent based on the total weight of the oil conposition
i's prebgbieocks. PriRf 18hi@Ens 81 62RE5bA isQRy hatdes ok Sydthaidhaiefingdbade bl
10 stock fraction having a kinematic viscosity at 100° C of about 2 to about 200 cSt, more
preferably about 3 to about 150 cSt, most preferably about 3 to about 100 cSt. The
lubricating oil basestock can be derived from natural lubricating oils, synthetic lubricating oils,
or mixtures thereof. Suitable lubricating oil basestocks include basestocks obtained by
isomerization of synthetic wax and wax, as well as hydrocrackate basestocks produced by
15 hydrocracking (rather than solvent extracting) the aromatic and polar components of the
crude. Natural lubricating oils include animal oils, vegetable oils (e.g., rapeseed oils, castor
oils, and lard oil), petroleum oils, mineral oils, and oils derived from coal or shale.
Synthetic oils include hydrocarbon oils and halo-substituted hydrocarbon oils, such as
polymerized and interpolymerized olefins, alkylbenzenes, polyphenyls, alkylated diphenyl
20 ethers, alkylated diphenyl sulfides as well as their derivatives, analogs, and homologs, and the
like. Synthetic lubricating oils also include alkylene oxide polymers, interpolymers,

copolymers, and derivatives thereof wherein the terminal hydroxyl groups have been modified

by esterification, etherification, etc. Another suitable class of synthetic lubricating oils
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5 about 5 weight percent. GO concentrates of the additives can contain
about 1 to about 75 weight percent of the additive reaction product in a
carrier owodBloesaeg oil of lubricating oil viscosity. |In @emarsai/22sthe
additives of the present invention are useful in a variety of lubricating
oi | basestocks. The lubricating oil basestock is any natural or synthetic
| ubricating base oil 10 stock fraction having a kinematic viscosity at

1000 C of about 2 to t 150
s, moeroieeie i oftbog 0 a0yl Bt S e, PR sl S

basest ock can be derived fromnatural |ubric tln 0|Is nth

| ubr i c8lls sisp Briude thoge meps figmes torfar BERoCaR Ry %P% ‘HlSer arﬁ‘&ﬁ?ﬁﬂ"?basest ocks
i ncl ude basest ocks obtained by isomerization of synthetic wax and wax, as
wel | asthbgsdr ocr ackat e basest ocks produced by 15 hydrocracki ng (rather than
sol vent extracting) the aromatic and pol ar conponents of the crude.

Nat ur al | ubgilicah-baddilk %sdcﬂ ab ﬂﬂ?o@ﬁlkﬁfm palydrel-, pot@iitoxb) er polysryloxyg.
rapeseed oils, castor S, l'ard oil), petroleumoils, m ner al oi |l s,

a_ns oi ng, 611’5 fofiRMe gj%&ﬁﬁrgggllrnﬁher%égﬁlhaﬁés%f‘%&ﬁtﬁetic']ﬁﬂ)ﬁ@ﬁné‘MHH a@@kpon

oil's an Stitite on oils, such”as polynerized and

i nt er pol ed olef enzen 1 kyl at ed. di phenyl 20
et hers?$ W%@E@ﬂ 8t o H9P3§ﬁ¥W?ﬁ@§s ESWEEE'§§°9ﬂ%WF%é@PﬁJ5?‘W%§ anal ogs,
and honnlogs and the |ike, Synthetlc | ubricating oils also include

al ky| etrirabydrafurgns) polgalghaolefngrapdthedikes, copol ymers, and derivati ves

t hereof wherein the term nal hydroxyl groups have been nodified by

est eri fi cat TheJubsititarg dil caatbiealerivest foom Ancfinet, refiriet agrafined aids oomigyreshet i ¢

| ubricating oils -22 WD 03/008428 PCT/ US01/ 22517 conprises the esters of
di car bereyddrC Unedthed bils Ekea)bVa?ﬁddQﬁﬂéct‘ggfr@nh(‘aQﬁﬁlrél- solifde @ Synth@fcusburs (sgnt heti c

oils also include those made from to Cl2 nonocarboxylic acids and
Pehyol goft @galéz Ur¥S and bitumen) without further purification or treatment. Examples of
unrefined oils include a shale oil obtained directly from a retorting operation, a petroleum oil
obtained directly from distillation, or an ester oil obtained directly from an esterification
process, each of which is then used without further treatment. Refined oils are similar to the
unrefined oils except that refined oils have been treated in one or more purification steps to
15 improve one or more properties. Suitable purification techniques include distillation,
hydrotreating, dewaxing, solvent extraction, acid or base extraction, filtration, and percolation,
all of which are known to those skilled in the art. Rerefined oils are obtained by treating
refined oils in processes similar to those used to obtain the refined oils. These rerefined oils
are also known as reclaimed or reprocessed oils and often are additionally processed by
20 techniques for removal of spent additives and oil breakdown products.
Lubricating oil base stocks derived from the hydroisomerization of wax can also be

used, either alone or in combination with the aforesaid natural and/or synthetic base stocks.

Such wax isomerate oil is produced by the hydroisomerization of natural or synthetic waxes or
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ethers. Silicon-based oils (such as the polyal kyl -, polyaryl-, polyal koxy-,
or polyaryloxy 5 siloxane oils and silicate oils) conprise another useful
cl ass of wonBlesseg | ubricating oils. Qher synthetic |ubPceatsSongeso? | s
include liquid esters of phosphorus-containing acids, polyneric

t et rahydrof urans, polyal phaol efins, and the like. The lubricating oil can
be derived fromunrefined, refined, rerefined oils, or mxtures thereof

Unrefined oil s are obtai ned di rect fr tural sour. heti c
sour ceMprurgs therepd oyer4 h@ﬁ%lF‘@“erth?rb%/atﬂﬁ nhﬁ‘ﬁ%e 3xe\§\nalfehtgﬂl§ d y‘% EIX&
purification or treatnment. mpl es_of unrefined oils |ncludea hal e oi l
obt ai nwexagireaswyeted byrtbmcdvenétdgwemﬁy%p@m{ P'i‘h synghetisrwases &fﬁn%ﬁl?aﬂ.‘/dE? ¥i%ed
directly fromdistillation, or an ester oil obtained directly from an

est er i piodadeddy thaFish@s’sl;opeaiqb’rocn‘ss.vmm:ﬁesmlﬁng isemersgeprodirctistypichlly t her
treatnment. Refined oils are simlar to the wunrefined oils except that

ref i negipnicled th3¥R MR akinBHhe Frabtibrdfiéh & redBVed vRLGsIfiaoabhsdf spécifis to 15
i nprove one or nore properties. Suitable purification techniques include

digtill.ati hydsot.re dnfkesbase
exi r actrBHD FEET SR ras %q%%l?fié?ff%ﬁ@%%eﬁ e R i s e Foee
" pr gl havinER AR G0 KABSE O Rl e fod e Pebd el BPe Erece
rerefined oils are also known as reclained or reprocessed oils and often
ar e addéwaxingahlppuppaioesfabduby2020 andhibrques for renoval of spent additives
and oil breakdown products. Lubricating oil base stocks derived fromthe

hydr oi soner TE@hdditivesfof tiexpresent mbamiohare espedallyaisefubas edmprments in magypnbi nat i on
with the aforesaid natural and/or synthetic base stocks. Such wax

| soner gigerefi lubhisatRleQRUSR Bitiohd ETHV:HRIVE 9 o BeZintlL @t iafa vadbtyioBbilowitRy nt het i ¢
waxes or -23 WD 03/008428 PCT/ USO1/ 22517
10 lubricating viscosity, including natural and synthetic lubricating oils and mixtures thereof. The
additives can be included in crankcase lubricating oils for spark-ignited and compression-
ignited internal combustion engines. The compositions can also be used in gas engine
lubricants, turbine lubricants, automatic transmission fluids, gear lubricants, compressor
lubricants, metal-working lubricants, hydraulic fluids, and other lubricating oil and grease
15 compositions. The additives can also be used in motor fuel compositions.
The advantages and the important features of the present invention will be more
apparent from the following examples.
Example 1
Bis-fert-butylimidomolybdenum(VI) dichloride, DME adduct
20 All operations with molybdenum derivatives were carried out in an atmosphere of dry
argon. Anhydrous Na,MoO, (30.9 g, 0.15 mol), absolutized DME (0.5 L), triethylamine (84

mL, 0.6 mol), trimethylsilylchloride (152 mL, 1.2 mol), and fer#-butylamine (31.3 mL, 0.3

mol) were mixed in a 1 L flask, and refluxed for 12 hours. The Na,MoOQ, was completely
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m xtures thereof over a hydroi sonerization catalyst. Natural waxes are
typically the slack waxes recovered by the solvent dewaxing of m neral

oi | s; symwbeBioessssaxes are typically the wax produced by trhe/USosst? Tr opsch
process. The resulting isonmerate product is typically subjected to solvent
dewaxi ng and fractionation to recover various fractions of specific 5
viscosity range. Wax isonerate is al so characterized by processing very

hi gh vi scosity_indices, . gener havi ~Jleast 13 0 r.ef erably
at | eadifso ‘@d‘sﬁ‘ﬁ deasHgh @?tg%?n‘ﬁ?satjflkﬁd(ﬁﬂg r‘iﬁgsﬁ"éxg}@%ﬁ EWS%WSIBi e g‘fﬁabout
-20C and higher. The additives of the present invention are especially
usef ul DME sshpeaerithshatheptang: Thy solventsivere GHReved i necus: froms Hiasomibitedns . ~ The
additives can be included in a variety of oils with 10 |ubricating

Vi scosliquid phased, add tig grad¢nishasolid ndsssobndifxet was vigdmouslgshakgn evithsobhliexafet ur es

t hereof. The additives can be included in crankcase |lubricating oils for

spar k- irgi &8k ARSRRQEPHATS HRI 41 IBI(IE%)ioTyelowabrysRDUSE i on engi nes. The
conpositions can also be uSed in gas engine |ubricants, turbine

I %ri cants, automatic transm ssi ori?’jallﬁmg%, gear |ubricants, conpressor
| ubricants, netal -working |ubricants, "hydraulic fluids, and other

| ubricating oil and grease, 15 co si ti0Ons,. ,Jhe itiyes can al so be used
in motor fuel conﬁéﬁs’%fti' imt O%H‘F‘égﬂéh%ldteﬂﬁ%ﬂ%&cﬁnt features of
the present invention will be nore apparent fromthe foll ow ng exanpl es.
Exanpl e 1 Bllopertipapwitl mokbdenm JeriveHvas(Wars carrier ovt incaa, atmpaphaig i@ty 20 Al |
operations with nol ybdenum derivatives were carried out in an atnosphere of

dry awmgen. MYIFOME (8200626 3BI)Ireri-odylaminen2),] rabsbl2f mz@d DVE (0.5 L),
triethylamne (84 niL, 0.6 nol), trinethylsilylchloride (152 n, 1.2 nol),

o0 BB (354 BTk il bl otk o an

10 mlL) were mixed together and refluxed for 5 hours. After cooling the solution to room
temperature, the precipitate was filtered off, the solution was evaporated under diminished
pressure to ¥4 of its initial volume, and the filtration was repeated. Then, the remaining
solvents were removed in vacuo, providing a red oily product, which was recrystallized twice
from pentane at -110° C. A red crystalline solid was obtained. The yield was 23 g (72 %).

15 Example 3

Bis-(tert-butylimido)-bis-(diisooctyldithiocarbamato)molybdenum (VI)
C,,HgMoON,S,
All operations with molybdenum derivatives were carried out in an atmosphere of dry

argon. To a solution of bis-(iso-octyl)amine (10.6 mL, 0.0351 mol) in diethyl ether (200 mL)

20 at 0° C, a 1.48 M solution of butyllithium in hexane (24 mL, 0.0351 mol) was carefully added
with stirring. After stirring the mixture for 10 minutes, CS, (2.1 mL, 0.0351 mol) was

carefully added, and the temperature allowed to rise to 20° C. Then, a solution of 7 g of

Example 1 Product (0.0175 mol) in 50 mL DME was added, and after stirring for two hours,
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-24 WO 03/008428 PCT/ US01/ 22517 dissolved. The reaction m xture was
filtered and the solid (Et3HNC) was washed twice with DME and once with
hot hept awe.030bs3280l vent s were renoved in vacuo from the ®omtisageks1ti qui d
phases, and the greenish solid nmass obtai ned was vigorously shaken with
col d hexane. The hexane was filtered off to yield 42.5 g (70 % of yellow
crystals. 5 Exanple 2 Bis-tert-octylim donol ybdenun(Vl) dichloride, DME

adduct Al erations with um derivatiyes a jh an

at m)spﬂ’érS%lV?J?‘S Heye evapgigted Wﬁ%z’é? %N?Ee SUS 19 avﬁi{’ﬁ%ez%%rrmrfﬂ)c‘ Hngrggn (ﬁ am ne
(20.1 nm, 0.125 rmld) trlethylamneg35rrL 0.25 nol)

trimet bii-béxage whs addedeandsthe golgtion wapfiitared.) T eaﬂga‘[g\)gagez/ggorg@dm_ya%r e m xed
toget her and refluxed for 5 hours. After cooling the solution to room

t enper aidires gohie darkeedpiltwdsobtased i | t ered of f, the solution was evapor at ed
under di m nished pressure to 1/4 of its initial volume, and the filtration
was repeated. Then, the renaini ng gxapiptents were renmoved in vacuo,

prOV| ding a red oi I y product, which vvas recrystallized twice from pentane

oS Lo s & "B GLY S5 R bt AR AR tho)FBSbMb RIS 23 0 (72 %0

Bis-(tert- butyl i m do)-bis-(diisoqgc I%@ﬂsocar bamat o) nol ybdenum (VI)
CA2HB6MONASA Al l operations with 187 tn derivatives were carried out in
an atnosphere of dry argon. To a solution of bjs-(iso-octyl (10.6
mL, 0.0351 Pdilopellanonﬁ withyoldbdaeym GQO@UYﬁ_S)WCFQGaré’Led@uUn aq Amasy Rﬂe£ d¥ i on of
butyl lithiumin hexane (24 nmL, 0.0351 nol) was carefully added wth

sti rri agon Afllb @rsofiftioh foff B-(isoeootyldines(4flanL.10.0h3 hokobsn 1CBmL(f dietil etter 0351

I
e W:ts 0° C, a 1.48 M solution of butyllithium in hexane (9.3 mL, 0.0137 mol) was carefully added

10 with stirring. After stirring the mixture for 10 minutes, CS, (0.83 mL, 0.0137 mol) was
carefully added, and the temperature was allowed to rise to 20° C. Then, a solutionof 3.5 g
of Example 2 Product (0.00686 mol) in 30 mL DME was added, and after stirring for 10
minutes, the solvents were evaporated under reduced pressure to a volume of 30 mL. Seventy
mL of n-hexane was added, and the solution was filtered. The filtrate was evaporated in

15 vacuo, and 7.2 g of a dark-red oil was obtained.

Example 5
(tert-octylN),Mo{S,CN(Coco),},
All operations with molybdenum derivatives were carried out in an atmosphere of dry

argon. To a solution of 10 g of dicocoamine in 200 mL of diethyl ether at 0° C, a 1.58 M

20 solution of butyllithium in hexane (15.3 mL, 0.0242 mol) was carefully added with stirring.
After stirring the mixture for 15 minutes, 1.46 mL of CS, (0.0242 mol) was carefully added,

and the temperature was allowed to rise to 20° C. Then a solution of 6.18 g (0.0121 mol) of

Example 2 Product in 20.9 mL DME was added, and after stirring for two hours, the solvents
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carefully added, and the tenperature allowed to rise to 20 C. Then, a
solution of 7 g of Exanple 1 Product (0.0175 nol) in 50 niL DME was added,
and afterwetoqoodsegy for two hours, -25 WO 03/008428 PCT/ UBQTI/uBBE1517 t he
sol vents were evaporated under reduced pressure to a volune of 50 nL. One
hundred nL of n-hexane was added, and the solution was filtered. The
filtrate was evaporated in vacuo, and 15.5 g of a dark-red oil was

obt ai ned. Exa 4 5

B s (1 SFT EPYRIH O ANCd RrrSELp givalEIe & R B8 HBTS Gl Rf - horRye
C50H102MoN4AS4 Al |l operations with nol ybdenum deri vat| ves were carried out
in an &tmeddsdetnd e seiﬂvmawg@ﬁlterv@ Eh%%lﬁatq W5 epeyated ip vacuge el 1adEd (4. 1
m., 0.0137 nol) in 100 nL of diethyl ether at 0 C, a 1.48 M sol ution of
but yl | iatdatkered iofl vesxcdbeengdd. 3 ni, 0.0137 nol) was carefully added 10 with
stirring. After stirring the mxture for 10 mnutes, CS2 (0.83 nlL, 0.0137
nol ) was carefully added, and the gaaiRédture was allowed to rise to 20 C
Then, a solution of 3.5 g of Exanple 2 Product (0.00686 nol) in 30 nL DVE

wag added, and after sti rrg{%\gtatF&#EN%%@{?é@ﬁ@gc&%}he sol vents were evaporat ed

under reduced pressure to énty mnlL of n-hexane was
i red. .The filtrate seva orate dn 15

vacuo, and 1 %ngal‘jilfj’}‘%‘%gﬁﬂ’k‘ﬁ@éf&kt PSRy e e SphETE 0
(tert-octyl N)2Mo { S2CN( Coco)2}2 All erations wt h nol bdenum derivatives
ver e cargoned ogugolutionzod 18tenefuil P@m@P lmﬁ?@ mhof diethyfthgr atdi°e.iadn3®M 10 g of
di cocoanmne in 200 nL of diethyl ether at 0 C, a 1.58 M
solution of butyllithium in hexane (15.3 mL, 0.0242 mol) was carefully added with stirring.
After stirring the mixture for 15 minutes, 1.46 mL of CS, (0.0242 mol) was carefully added,
10 and the temperature was allowed to rise to 20° C. Then, a 0.324 M solution of Example 1
Product in DME (37.3 mL, 0.0121 mol) was added, and after stirring for 20 minutes, the
solvents were evaporated under reduced pressure to a volume of 50 mL. One hundred mL of
n-hexane was added, and the solution was filtered. The filtrate was evaporated in vacuo, and
13.6 g of a dark-red oil was obtained.
15 Example 7
Cameron-Plint TE77 High Frequency Friction Machine Friction Coefficient Testing
The anti-friction properties of the novel reaction product in a fully formulated
lubricating oil were determined in the Cameron Plint TE77 Friction Test. The fully formulated
lubricating oils tested contained 1 wt. % of the additive to be tested. The additives were
20 tested for effectiveness in a motor oil at increasing temperature points and compared to
identical formulations with and without the friction. In Table 1, the numerical value of the test

results (Coefficient of Friction) decreases with an increase in effectiveness. In other words,

the lower the Friction Coefficient value the better the additive is at reducing friction.
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20 solution of butyllithiumin hexane (15.3 nL, 0.0242 nol) was carefully
added with stirring. After stirring the mxture for 15 mnutes, 1.46 nL of
CS2 (0. 02%D ogwbgs28vas careful |y added, and the tenperatur @Crasoatisowed to
rise to 20 C. Then a solution of 6.18 g (0.0121 nol) of Exanple 2 Product
in 20.9 nL DVE was added, and after stirring for two hours, the solvents
-26 WD 03/008428 PCT/ US01/ 22517 were evaporated under reduced pressure to

a volune of 50 ni. e hundred .nL of n-hexane. .was .adde a sol ution
was filtereHe teHdreeq PFeatgég%Qm W&E%%@PQ%P f%%@%%ﬁ&l%éﬁa%f@e%%éﬁlgﬁ a

dark-red oil was obtained. Exanple 6 5 (tert-butyl N)2M { S2CN(Coco)2}2 All
oper at TB#&HightHrequehgyBeetion Maehineis ayfollowsr Eer By ¢l Qilample coftalfiidyspher e of
dry argon. To a solution of 10 g of dicocoanmne in 200 nL of diethyl ether
at 0 Guddaivk.iSPladdd ia theeitahambertnotagltd cover arflat statienaanbardaredFronnd MSOH42 nol )
was carefully added with stirring. After stirring the m xture for 15

m nut egg; é:‘ra&%aﬂ;ﬂatglc(]kﬁgOﬁQn&gﬁ})z AR r&%ﬁn%_@ﬁ&ﬁﬂéﬂ, ¥ 184a@ dongliitriled steble

tenperature owed to rise to 20 hen, a 0.324 M sol ution of
npl e 1. Product..in .. X 1 YRS edo ML ADLET
sEﬁa rri ﬁ%w?lc?fn @dn%dﬁﬂ?eégvg? @e; '3 %eéin(fq‘stgéé% gﬂégé\t/%epgi%at ‘gggunder reducéd
pressure to a volune of 50 nL. One hundred of. .n-hexane wa %Jsd , and
t he sotlifrvedrioheas upitpBer Edrontpgom it?'?ﬁeé‘lt'ére\)%?%@ Syt Tﬂ“@?&@& ag 13. 6
g of a dark-red oil was obtained. 15 Exanple 7 Canmeron-Plint TE77 Hi gh
Fr equeficy minites.i Gherymathithe SENeptomleadailade themecimosaionreapsaey0it5 Her4 ct i on
properties of the novel reaction product in a fully fornul ated
is begun with a 15 millimeter amplitude stroke length. The temperature is then ramped up to
50° C over 10 minutes and maintained at 50° C for 5 minutes. The load is then increased to
10 100 Newtons and the temperature is ramped up to 165° C over 1 hour. Friction Coefficient
data are collected between 60-160° C. The flat specimen is cleaned between runs with
hexanes and #500 emery cloth. A new dowel pin or surface of the dowel pin is used each
time. A reference oil is run alternately between experimental oils. The same flat specimen is
used until the reference oil no longer provides reproducible results.
15 The motor oil formulation tested is a SAE 10W-30 grade containing dispersant,

detergent, antioxidant, rust inhibitor, pour point depressant, OCP VI Improver, and anti-wear

additive. Friction modifier was added as a top treat to this formula.
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The nmotor—oft fornmuration tested rs a SAE TOM30 grade containing
di sper B0 teference oil is a fully formulated 10W-30 gasoline crank case motor oil containing no

Th ils then
1p feonb 65 T over
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se§9t7-t98§0 . g’s‘?\%alféns

friction modifier.

2 CFM is an ashless commercially available friction modifier based upon a mixture of fatty acid

amides, glycerol esters, and glycerol.
15 Example 8

Four-Ball Anti-Wear Testing

The anti-wear properties of the novel reaction product in a fully formulated lubricating
oil were determined in the Four-Ball Wear Test under the ASTM D 4172 test conditions. The
fully formulated lubricating oils tested also contained 1 wt. % cumene hydroperoxide to help
20 simulate the environment within a running engine. The additives were tested for effectiveness
in two motor oil formulations (see Table 2) and compared to identical formulations with and

without any zinc dialkyldithiophosphate. In Table 3 the numerical value of the test results

(Average Wear Scar Diameter, mm) decreases with an increase in effectiveness.
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detergent, antioxidant, rust inhibitor, pour point depressant, OCP VI

| nprover, and anti-wear additive. Friction nodifier was added as a top
treat to whiog/obsaesrul a. -28 WO 03/008428 PCT/ US01/ 22517 Tabirasd/22517
Cameron-Plint H gh Frequency Friction Machine Friction Results Blend ID
Additive Wight % Cof F () Cof F() Cof F() @60 C @120 C @160 C 5
392-014 Exanple 3 1.0 0.037 0.042 0.035 392-020 Exanple 4 1.0 0.095 0.038

0 2 (2005, Tl BT AR T 88 10,0 7

0.121 1 The reference oil is a fully formul ated | O¥30 gasoline crank case
not or EptmulagioniAni ng no W% ct i onFepnukatien B 2 CFM | s a#t-%&h| ess

comercially available friction nodifier based upon a m xture of fatty acid
am des SolkQ¢udlal €3 er s, Baadegl yc8olvknt Neémtdak 50fpl e 8 HBalancBal | Ant i - \ear
Testing The anti-wear properties of the novel reaction product in a fully

for mul 3pRehbiiapesd ng @ | vere ekeiiN@Rdi iso the Fowo Ball vear Test
under the ASTM D 4172 test conditions. The fully fornulated |ubricating

014 1Rl TSI NPS 1 W Y CHIRNR sk QAT OX1 dpsto hel p

Overbased Calcium Overbased Calcium
Phenate Detergent 2.0 Sulfonate Detergent 2.0
Neutral Calcium Neutral Calcium
Sulfonate Detergent 0.5 Sulfonate Detergent 0.5
10 Antioxidant 0.5 Antioxidant 0.5
Rust nhibitor 0.1 Rust Inhibitor 0.1
Pour Point Depressant 0.1 Pour Point Depressant 0.1
OCP VI Improver 55 OCP VI Improver 55
Antiwear Additive' 1.0 Antiwear Additive 1.0
15 ! Tn the case of No antiwear additive in Table 3, solvent neutral 100 is put in its place at

1.0 weight percent. The formulation is treated so that 1 weight percent anti-wear additive is
based upon 100 percent active material.
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20 sinul ate the environnment within a running engine. The additives were
tested for effectiveness in tw notor oil formulations (see Table 2) and
conpar ed wo o3desaes cal fornulations with and w thout any PCRAS01/22517

di al kyl di t hi ophosphate. In Table 3 the nunerical value of the test results
(Average Wear Scar Dianeter, nm decreases with an increase in
effectiveness. -29 WD 03/ 008428 PCT/ US01/ 22517 Table 2: SAE | OM 30 Mot or

Q1 Foi mmmm—%ﬁmﬂmwmﬁmﬂ—mugl 100
Bal anc¢ Sol vent Neutral 100 Bal anceTaleBvent Neutral 150 60 Sol vent utral

150 60|5 Succi ni m de Di sper sEaiexFoxﬁ-E:‘aﬂcWemRﬁsdbs D spersant 7.5 OverHased
Cal ci umOverbased Caircrum Pfienate _Detergent urtonate Detergent 4.0
Neut rall Cal ci GemRewrd al Cal £i um Stﬁqfﬁlﬁﬁgén Det ergenW®f§°€@$@ﬁf&fémDet er gent
0.5 1¢ ntl OXI d%g% 5 Ant|oxidant 0.5 Rust |nhibitor 00%&.5“ I nhilbi t or
0.1 P f¥&sant D 1 Pour P#int Depreskant 0.1 | mprlover

5.§ 00 & Z}ﬂc dle{ﬁ%;l@hﬁﬁéph%s@atéa‘n I wear AddlAtl ve' 1.0 jAntiwear fdditive 1.4 15 1

In the asp mear-bdditive i-n-Table 3 solvent pneutral—100Hs pUt

inits Elxgjiﬁﬁleg’[ 1.0 weight percent. TtAe forrrul atjon is treaked so that 1

. . . A . .
wei ght petreent—antt—wear—adttt+ve—+s—based—upon1t60—percent—actt+ve

mat er i aExample 6 A 0.85
No anti-wear additive B 0.98

Zinc dialkyldithiophosphate B 0.53

10 Example 3 B 0.44
Example 4 B 0.78

Example 5 B 0.44

Example 6 B 0.70

15
In view of the many changes and modifications that can be made without departing

from principles underlying the invention, reference should be made to the appended claims for

an understanding of the scope of the protection to be afforded the invention.
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-30 WO 03/008428 PCT/ US01/ 22517 Table 3 Fal ex Four-Ball War Results
Conmpound Formul ati on Wear Scar Dianeter, mm No anti-wear additive A 0.93 5
Zi nc di alwglodicodaeophosphate A 0.46 Exanple 5 A 0.56 Examrplras6/22507 85 No
anti-wear additive B 0.98 Zi nc dialkyldithi ophosphate B 0.53 10 Exanple 3
B 0.44 Exanple 4 B 0.78 Exanple 5 B 0.44 Exanple 6 B 0.70 15 In view of
t he many changes and nodifications that can be nade w thout departing from
princi pl es underlying the inventi o¢ t[@iserence shoul d be nade to the
appended cl ains for an understand ﬁé‘ the scope of the protection to be

af forded the invention. -31 WD 03/008428 PCT/ US01/ 22517 CLAIMS Wat is
cl ai neWhat is claimed is:

1 1. A composition of matter comprising a compound of the formula

2 (Z‘N=)2M0(S2CNR2)2

3 wherein Z and R are independently selected from the group consisting of linear hydrocarbon
4 groups, branched hydrocarbon groups, cyclic hydrocarbon groups, and mixtures thereof.

1 2. The composition of claim 1 wherein at least one of the hydrocarbon groups is fully

2 saturated.

1 3. The composition of claim 1 wherein at least one of the hydrocarbon groups is partially
2 saturated.

1 4. The composition of claim 1 wherein at least one of the hydrocarbon groups is

2 branched.

1 5. The composition of claim 4 wherein at least one of the hydrocarbon groups is tert-

2 butyl.

1 6. The composition of claim 4 wherein at least one of the hydrocarbon groups is isooctyl.
1 7. The composition of claim 4 wherein at least one of the hydrocarbon groups is tert-

2 octyl.
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1 1. A conposition of matter conprising a conpound of the formula 2

(Z-N=) 2Mo(S2CNR2) 2 3 wherein Z and R are independently selected fromthe
group comaDIBioory2of | inear hydrocarbon 4 groups, brancheaChgusoozzibon
groups, cyclic hydrocarbon groups, and m xtures thereof. 1 2. The
conposition of claim1l wherein at | east one of the hydrocarbon groups is
fully 2 saturated. 1 3. The conposition of claim1l wherein at |east one of
t he hydroc on grouyps is, partiall. 2 saturated. .1 4. The osition of
clhim & vvhg‘&g? F\O@EOSL{E’Qﬁf E I&Yhetrﬂétbfngé}?(gg lsg‘FtSﬁ‘g’é‘tyuT‘émdé’ rI‘I?)'anched. 1 5.
The conposition of claim4 wherein at |east one of the hydrocarbon groups

i @ t er ditsopetyldithiocarbamgato)meolybdepas(YDon of claim 4 wherein at |east one of

t he hydrocarbon groups is isooctyl. 1 7. The conposition of claim4
wherein at | east one of the hydrocarbon groups is tert 2 octyl. -32 WO
03/008428 PCT/ USOL/ 22517 1 8. The conposition of claim1l wherein the
coprpoudd i sThE ship&itioniiclich M vWlireilitife bmpound is bis-(tert-octylimido)-bis- _

di 1 sooct yl di t hi ocar bamat 0) - nol ybdenum (VI'). 1 9. The conposition of claim1l

rein.the ] ' ~oatylimdo)-bis- 2
\(,j\,inzlesoo@fVpgyfcﬁﬁﬁg%grrggné@?%oﬁ?gf?%ﬁéﬁ@my(VI ). )1 10. The conposition of claim
1 wherein the conmpound is 2 (tert-octylN) 2M{S2CN( Coco) 2} 2.

1 10.  The composition of claim 1 wherein the compound is

2 (tert-octylN),Mo{S,CN(Coco),},.

1 11.  The composition of claim 1 wherein the compound is

2 (tert-butyIN),Mo{S,CN(Coco),},.

1 12.  The composition of claim 1 further comprising a lubricant.

1 13.  The composition of claim 12 wherein the lubricant is a lubricating oil.

1 14.  The composition of claim 12 further comprising at least one additional additive

2 selected from the group consisting of dispersants, detergents, rust inhibitors, antioxidants,
3 sulfurized olefins, thiadiazoles, metal deactivators, anti-wear agents, antifoamants, friction
4 modifiers, seal swell agents, demulsifiers, VI improvers, and pour point depressants.
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1 11. The conposition of claim1l wherein the conpound is 2

(tert-butyl N)2Mo{S2CN(Coco) 2}2. 1 12. The conposition of claim1l1l further
conpri si ryOa3loedaes cant. 1 13. The conposition of clai m 12paivarsei/zesihe
lubricant is a lubricating oil. 1 14. The conposition of claim12 further
conprising at |east one additional additive 2 selected fromthe group
consi sting of dispersants detergents, rust inhibitors, antioxidants, 3

sul furi d efins, . ) net al de t n agents

anil foz} g[]hefcf’fngf)f“% &?ld gl ﬁgtper comé)§181n§ ” F(&é)%enfi ¢iAd \&? 'Fiers,

| rovers, and pour point depres ant s 3/ 084 [ US 22517
Théeleesah&om the grayp copsistipeof afky, aﬁ‘ﬁ’e‘ﬂlp}&?ﬁ]ﬁlﬂi@?ﬂ@n‘gﬁ{eq églél?&[ g rgisdl ti onal

addl tive 2 selected fromthe group consisting of alkylated di phenyl am nes,

hi hider dthdatedyallafatet pliesolid esters, 3ulfumcentaiving hingdérad phicnsitic weteisc ambsudivs-,

sul fur-cont ai ni ng hi ndered phenolic esters, and sul fur 4 contai ning

hi pder @dnt@in K-?Iﬂﬁdﬁﬂedoﬂl%ﬂﬁb@ phénokS. The conposition of claim15 wherein at
| east one additional additive is an alkylated 2 diphenylamne. 1 17. The

conposition of claim 16 wherein the al kyl ated di phenyl am ne is sel ected
from the 2 gr oup consi sting of nonylated di phenyl am ne, octylated

hen Iam la e, renat ed
di bhenyPam rdie HRFORY PLHEE HoPGTar AR e A AN aadiye SR afiyted
corrp05| tion of. cl ai m 12 further conprising a nenber selected fromthe group
2 2onsidiphengammes, 5-di - t - but yl - 4- hydr oxy- hydr oci nnami ¢ acid, a C7-Cg
branched al kyl ester of 2,6- 3 di-t-butyl-p-cresol, and m xtures thereof. 1
19. The conposition of claim 12 further conprising a nenber selected from
t he group
1 17.  The composition of claim 16 wherein the alkylated diphenylamine is selected from the
2 group consisting of nonylated diphenylamine, octylated diphenylamine, styrenated

3 diphenylamine, octylated styrenated diphenylamine, and butylated octylated diphenylamine.
1 18.  The composition of claim 12 further comprising a member selected from the group
2 consisting of 3,5-di--butyl-4-hydroxy-hydrocinnamic acid, a C,-C, branched alkylester of 2,6-

3 di-z-butyl-p-cresol, and mixtures thereof.

1 19.  The composition of claim 12 further comprising a member selected from the group

2 consisting of zinc dialkyldithiophosphates, zinc diaryldithiophosphates, and mixtures thereof.

1 20.  The composition of claim 12 further comprising a mixture of at least one alkylated

2 diphenylamine and at least one zinc dialkyldithiophosphate.
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2 consisting of zinc dialkyl dithi ophosphates, zinc diaryldithi ophosphates,
and m xtures thereof. 1 20. The conposition of claim 12 further conprising
a m xt ur ewofo3aossbeast one al kyl ated 2 di phenyl am ne and atPClrasst/2xme zi nc
di al kyl di t hi ophosphate. -34 WD 03/008428 PCT/ USOL/ 22517 1 21. The
conposition of claim20 wherein the mxture further conprises at |east one
2 hindered al kyl ated phenolic. 1 22. A lubricant additive conprising a
conmpound of the forpul a . (Z-.N=) 2Mb(,S2 CNR2 3 wherein and R are
ihbepe%gentF e%@?@ﬁﬁ@ﬁ‘#?%ﬁ&?ﬂé” %ﬁbw ﬁgVég?ﬁﬁr PORISERAT ey QPOcar bon 4
groups, branched hydrocarbon groups, cyclic hydrocarbon groups, and

mt ur bigderhé pikglatedphgmlicA net hod for reducing the coefficient of friction
of a lubricant conprising adding to 2 said |ubricant a conpound of the
formula 3 (Z-N=)2Mb(S2CNR2)2 4 wherein Z and R are independently sel ected
fromthe group consisting of |inear hydrocarbon 5 groups, branched

hydr ocas bon AQ(Qiasit adeiitflel contpYising abRPBustl SURSTorAf M xtures thereof 1 24.
The nethod of claim 23 wherein at | east one of the hydrocarbon groups is

fully 2 saturated. 1 25. The h &Rhm 23 wherein at |east one of
@%ﬁ?@smggéatu?

t hydr ocar bon groups is part ated. 1 26. The method of claim
23 wherein, at Ieast%ﬁge of. the gydr car hon rougs LS b ancl’lglg. é}Z?. The
met hodWéerein 4pnd Barapdersnfently selesist Tionuths £rqUpLoRy g B6H PRmBDLNs

tert-butyl. -35
4 groups, branched hydrocarbon groups, cyclic hydrocarbon groups, and mixtures thereof.
1 23. A method for reducing the coefficient of friction of a lubricant comprising adding to
2 said lubricant a compound of the formula
3 (Z-N=),Mo(S,CNR,),
4 wherein Z and R are independently selected from the group consisting of linear hydrocarbon
5 groups, branched hydrocarbon groups, cyclic hydrocarbon groups, and mixtures thereof.

1 24.  The method of claim 23 wherein at least one of the hydrocarbon groups is fully

2 saturated.

1 25.  The method of claim 23 wherein at least one of the hydrocarbon groups is partially

2 saturated.

1 26.  The method of claim 23 wherein at least one of the hydrocarbon groups is branched.

1 27.  The method of claim 26 wherein at least one of the hydrocarbon groups is tert-butyl.
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WO 03/ 008428 PCT/USOL/ 22517 1 28. The nmethod of claim 26 wherein at |east
one of the hydrocarbon groups is isooctyl. 1 29. The nethod of claim 26
wher ei n awologasg429one of the hydrocarbon groups is tert-octegir/usol2307 The
met hod of claim 23 wherein the conpound is bis-(tert-butylimdo)-bis 2

di i sooctyl di t hi ocar bamat 0) - nol ybdenum (VI). 1 31. The nethod of claim 23
wherein the conmpound is bis-(tert-octylimdo)-bis- 2

di i sooctyl di t hi ocar bamat 0) - nol ybdenum (VI). 1 32. The nethod of claim 23
wherein the conmpound is 2 (tert-octyl N 2M(S2(Coco)2)2. 1 33. The net hod
of claim 23 wherein the conpound is 2 (tert-butyl N)2M(S2(Coco)?2)2. 1 34.
The melfod diearehan o SiiRgoa Fereinat ie&&sppea%'the?wdr&cg%a? BEQUPS figseftatyl. - 36

1 29.  The method of claim 26 wherein at least one of the hydrocarbon groups is tert-octyl.

1 30.  The method of claim 23 wherein the compound is bis-(tert-butylimido)-bis-

2 diisooctyldithiocarbamato)-molybdenum (VT).

1 31 The method of claim 23 wherein the compound is bis-(tert-octylimido)-bis-

2 diisooctyldithiocarbamato)-molybdenum (VI).

1 32. The method of claim 23 wherein the compound is

2 (tert-octylN),Mo(S,(Coco),),.

1 33.  The method of claim 23 wherein the compound is

2 (tert-butyIN),Mo(S,(Coco),),.

1 34.  The method of claim 23 wherein the lubricant is a lubricating oil.
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