WD 03/ 008428 PCT/ US01/ 22517 ORGANOMOLYBDENUM COMPLEXES AS FRI %b%oasa—')/
MO DI FI ERS BACKGROUND OF THE WMM& Field of the Invention 5 It is
wel I known that nol ybdenum co d to lubricating oils, depending
on thei WOOYMBHR e can play a siGHIfi cant role as both PEFUSPHRRSKDdI fiers
and as anti-wear additives. The present invention is related to

| ubricating oil additives and | ubricant conpositions, and nore

particularly to erdweRbryDANGH | __Mﬂﬁﬁb@giﬁt@&%ﬁdméfﬂﬁ&ﬁﬁé‘ modi fi er

additives derived from organo-im do nol ybdenum conplexes that can be
I ncorporated into lubricating oils. The 10 purpose of the present invention
Is to provide addi'tives that can reduce friction and aid fornmulators of

engine oils to neet NeWHBARCKRG W?NDSO ?H]? Qm ar motor oils, such as
| LSAC GF-3. 2. Description of Relat edﬁ rt %ggu at (915 agenci es today are .
seeki ng to F@ﬁg&etﬂgeééﬁneconony of notor vehicles 15 through

| egi sl ation requi ts) that puts the responsibility for achieving
such econopy on me not or hi cl e manufacturers, who in turn transfer at
| edst a por E%%Weg PYep shat ﬂ@%@ﬁ@%ﬂbvqmwn%amsrtpmwg oilspdapendingoar s by
means of engine oil specifications. As these fuel econony requirenents
becone thetrstrugtuce, wan play agignifigant role ab bethifdstionmedifier and me anti-wear ddditives.o

i ncorporate friction nodifier additives into |lubricant conpositions. It is

wel | 2@hk predent ivehtisrie réluel 16 fubliedting ol aditioatindgubYidatit Ethpdifiohsnaved by
using friction reducing additives. It is also well understood that these

ﬁgg]{ t ie%h]?)g% ?ﬂiieéeulﬂ‘fy R hARI aﬁss%@_ﬂioﬂ&’)d.%ﬁ{-ﬂﬁgeg BidtiontfOMREHaUiGed dbriveger to be
from organo-imido 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 fiel economy of motor vehiciés
15+ through legislation (CAFE reciuirements) that puts the responéibiﬁf::}r for achieving such
économy 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
édd{tives. It is also well ruh'defstboci fhat thése‘additi\;'es must be active at engine operational

temperature in order to be most effective.
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1 WO 03/008428 PCT/ US01/ 22517 In addition, zinc' dialkyldithi ophosphat es
(ZDDP) have been used in fornulated oils as antiwear and anti oxi dant

addi tives (5 nore than 50 years. However, zinc dialkyldithiophos hat es
give ri saVQ §'YBH8 hich contributes to partlcul ate matter Fﬁluéﬁ tive
exhaust em ssions. Regul atory agencies are seeking to reduce em ssions of
zinc into the 5 environnent. Mreover, the phosphorus present in the

di al kyl di t hi ophosphates is al so suspect ed of limting the service life of
catal ytic chradditioss zind dialkykiithiophesphates (ZDDE) lave beert et de foramldted dityns |t i S
inmportant to limt the particulate nmatter and pollution forned during

engi Neaiveat Bid a,ﬁzsmamtcaaamesﬁpm&amaﬁ@ageasammea% but it is also

i mportant to maintain undimnished the antiwear prbpertles of the

| ub f f, 10 th th .
kzo%c‘;ilt‘lf#\(g@t&l hhoshosp %uggec ? ﬁﬁggen I‘ﬁ?ﬁgé’a fcl"ﬁ tgfsjﬁ"tal‘f&c\?,’m“?}ﬁ’eecte of

this i ventlon toeﬁ i de antiwear additives that contain neither zinc nor
phos phBFgest epyssiogs, %‘X Oy ageRaiesAre sepking)te reduse praissigue obzian intethe at t enpt s
to provide additives that inpart antifrictional or oiliness properties.

M3l y boeirenaertp deraevesrthe phesphonus presentde thel diallgddithioptidsphatenidiafsoer s and
antioxi dants and to be capable of providing antiwear and extrene 15

pr ess wsuspéotai oftlimitieg the eqreice iliesofl datdlytierdoapdriethad dre ©SEPOS k/&ﬁlél@gsto reduce
Thi ocarbamate additives for lubricating oils, particularl y

ol y bAStAbA, ontx@insyoﬁam tb"]m‘ﬁ?t?l%B%H%L@gegmgt?ésﬁpﬁ’gglﬂﬁﬂin%m tr{gﬁl Rk ent

literature. U Pat ent es aproc

t d I'di thitocarbamat onpl e
U FurtE i %oiéalerﬁi%'?cﬁ@%‘%Pﬂ‘rg%%”ekremn@@Bﬁ{té%qlﬁo;e%%ykﬁﬁé‘t‘ﬁ fse}?étagrspun%m@ he
dilute n|tr| c acid amoglflcatlon of alkali _dialkyldithiocarbamates and
al kal i thAdntywepspraperieg of the lubnsating, et In yview oftheaforsmentitned; shartpgringg e n

sulfide to formthe sulfurized derivatives
10 with the known zinc- and phosphorus-containing additives, it is a further object of this

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 usefill
as friction modifiers and antioxidants and to be capable of providing antiwear and extreme

15 pressure resistance proiaerties in lubricating oil compositions.

Thiocarbamate additives for lubricating oils, particularly molyb.denum-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 dilu_te'nitric_ acid acidiﬁca_tiop_of _alkali dichyldit!)iocarbamates 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.



of the reaction product. These conmpounds are said to be useful as additives
for lubricants. 2 WD 03/008428 PCT/ US01/22517 U.S. Patent No. 3,509, 051

di scl ose lcating oils and greases that are said to exhibit excellent
extreme ;‘V@?%@g& anti oxi dant, and wear properties when t H&HEIMERIIA

sul furized oxynolybdenum dithi ocar bamat es of the general formula:

[ R2N- CS- S-]12MD20OSn, where nmtn = 4, mis in the range of 2.35t0 3, nis in
the range of 5 1.65 to 1, and R I's a hydrocarbon group having 1 to 24

car bon at ong.§. Pafent Rat 8/509)951 diclbskh Iibkitathhg 6ilnardsgrbases thapuve sgideshibitons
that are said to have |rrproved extrenme pressure capabilities and antiwear

br Operéﬂcglfent Wotkére ﬁ@ﬁé‘%ﬁ&&&%’t Za%ﬁexesbif%n%%ﬁ%ﬁ‘iﬁ%}&ﬂ{a% Quifkiz@d | - sol uble

ybdenunm cont al n organi ¢ cdnp xes are produced by
cont actin nt ai ni ani ons. Wi t.h oil -soI ubl e overbased, G oup
10 11 W‘gﬂ% %ﬁﬁ*?ﬁargﬁ%t%?ﬂﬂﬁﬁgn%a?ﬁm‘g 3portion of the anions reacts
~with the Groté metal . Lubricating oils, cutting oils, greases, and the
i ke afReNFCStisl MO, stherara+n ids moiain the sangexifi2. Brio 3, diis in he sangeof S,

Pat ent No. 4,098, 705 di scl oses a conpound of the formula: 15 2 wherein R1

ansl R 185 80d, &mdR s diyydiromabdnydroup kavinghbto 24) cdrbow atdfmscar bon atons and x is a
nunber of 0.5 - 2.3 that is said to be useful as an additive for

| ubri cant s. yy29) Pakenit N385 881, 0N disdodeR duticanid srp RitR s thas mfsafdtte Map@! ubl e

or gano nol ybdenum conpl exes obtained as the reaction product of a
R ocR ot i NS A 9 RS i bt one
presence therein of oil-soluble molybdenum-contammg organic complexes These complexes
are produced by contacting molybdenum-containing anions with oil-soluble overba_sed, 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
15 RI;N/Q\§//"°?°e$<q-x; o 3
A a 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 - . - . .S Patent No. 4,164,473 discloees hydrocarboq—soluble organo mol_ybdenum Lo

complexes obtained as the reaction product ofa 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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nol ar equi val ent of a nol ybdenum conpound, e.g., ammoni um nol ybdate, that
are said to be -3 WO 03/008428 PCT/ US01/ 22517 useful hydrocarbon additives
parti cul in conmbination with an oil-soluble sul fur donor, e.q. a
met al di ;f'b)y%/b@ﬁf% ophosphate to provide an additive comipm%ﬁg?%V
| ubricating oils. Lubricating conpositions conprising these coadditives
are disclosed to exhibit inproved antifriction and antiwear properties. 5
U.S. Patent No. 4,259,194 discloses antjoxidant additives for lubricating |
oi |t hasefalydrogadph udditives paendularlyie combiaiionTwith ah AlNoRib sMKlAEGhoRglga basic
ni trogen conpound conplex to forma sulfur- and nol ybdenum cont ai ni hg
CONMpPOS b i 241 di ditii h g&,&% A : XA ditives for
| ubri ca?liér%gd(l)l thataﬁlgdr% d}g;‘oe l:are %‘%ﬁggﬁg%‘?ﬁg‘%&%‘g@r#@ er, an acidic
nmol ybdenum conpound... and cer.t.ain basic,,.10 nityrogen, congounds to forma :
ol yba SHUHYAEBR EPRIPS SAIpB0s R dhese gpadditigs arsdisglbsed fo OB MM oses t he
preparation_ of antioxidant additives for [lubricating oil by conbining
wat er , aptifrigiionand HRUWPHIEARIHIeSpound, a basic nitrogen conpound conpl ex
and a sul fur source to forma sulfur- and nol ybdenum cont ai ni ng
canposi t i onU.8.PaténENoP4{256811 Sialisclbs@tdntidxidarti aslditiveefordutiricanngleinthapaidi t i ves
for lubricating oil that are prepared by combining an acidic nolybdenum
conpoupgbpared by icbmbidinsnembaameRathiondfibdae AN AHAGIc nﬁw%eﬁ%t%fgauﬁ sul fide to
forma sul fur- and nol ybdenum contai ni'ng conposition. U S. Patent No.
4, 266, | > %Rﬂ Lon ontaining conpositions
by thegégg%#?%%@%%g%ﬁgcaﬁg 0 %I‘@@a@ﬁh@g&gﬁs‘%ﬂo her eof, phenol or
al dehyde .7 ondensat, i oduct therewi th, and a pripmary or secondary.
ani ne. The ﬁf%&é?@&ﬁ%aﬁizggégérd&c %?%ﬁﬁ“ﬁé‘ga@@@ﬁ‘t‘éﬁs g%ﬂ‘l‘hﬂﬁag%%li thatared
trimethyl ene diam ne and their fornal dehyde condensation

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 fiiscloses antioxidant additives for;‘ lubricating oil tQat ;aire
prepared by combining an acidic molybdemim 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 aldehycie

.20 - condensation product thereyvith, and a primary or secondaw.anﬁng. 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

-4.



products. An optional but preferred ingredient in the reaction mxture is
at |l east one oil- soluble dispersant. The nol ybdenum cont ai ni ng

conposi t i‘(z,%s 3gre_ aid to be useful as -4 WO 03/008428 PCT/ USO1/ 22517

addi tivesVOP3 U and 1 ubricants, especially so in | ubri cHtESAREH7

conbi ned with conpounds containing active sulfur. U S. Patent No.
4,272,387 discloses antioxidant additives for lubricating oil that are
prepared by .conbining an acidi ¢ nol ybdenum conpound, a basic nitrogen
conpouiaddifivesanfiielx andinbricantsy especialipso indubricahirwhed cambingd withvdmpounds

nmol ybdenum cont ai ni ng conposition. U S Patent No. 4,283,295 5i scl oses

ant i oxicoainirtketive veifurf Or lubricating oil that are prepared by conbining a
pol ar pronoter, amoni umtetrathi onol ybdate, and a basic nitrogen conpound

conplex to [ um cont al.ni n osition. U S

Pat ent No. yg%@%@l%&?@ﬁs@%%@%& E?é‘hcfangﬁca‘tf‘f%&ﬁ‘f’ afl%?'rgﬁf Mg oi
that are 10 prepared by (1) c?r{;oi ning a polar solvent, an acidic

mol y bd EFApATEd ung, aracigic galybdeppm ispmppurd, @ basie nistggen compmwdd to form a
nol ybdenum cont ai ni ng conplex and (2) contacting said conplex with carbon
di Bul f comples, dndransudfug siufres to farrd arsolfyb ded molybdetan-obmgininguepPssitiven. U. S.
Pat ent No. 4,289, 635 di scl oses nol ybdenum cont ai ni ng conpositions that are

15 prepar ed Un§. PaenN6 @283, 295efisclisefhdtioxidaned dditiles SorieiRaioif Aaelee Of
reacting with active sulfur with a conposition prepared by reacting: (a) a

Phos phgrdbareddy @hibirifl £pbldr HRMASE Binfitbnfiin lehGif Fhsfdite, Bk b bt nifrodh

compound complex to form a sulfur- and molybdenum-containing composition.

U.S. Patent No. 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 reac{ting an olefinically unsaturated coinpound capable.of reacting with active

sulfur with a compositioh prepared by reacting:

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

R(X')n 'x XH

20 .
. i
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

-5-



R(X' )n i wherein each X and X' is independently oxygen or sulfur, each n is
zero or one and each Ris independently the sane or a different

hydr ocar hon-based radi cal; and (b) at |east one hexaval ent nol ybdenum oxi de
corrpound,wﬁﬂﬂ"‘!%”i/\o 03/ 008428 PCT/ US01/ 22517 (c) hydrogen Pwmﬁéyaz,swn t he
presence of (d) a polar solvent. It is said that the conpositions are
useful as additives for lubricants and that internal conbustion engi nes
exhibit inmproved fuel econony when lubrijicated with them U S. Patent. No.
4,315,826 discloses nultipurpose |ubricant additives that are prepared 5
by reaét)ihgdrogén sulfitheyin thequredenckeofiv(d)la poller solyestb deisisaiddkatithatompmsitiohs

pol yal kenyl succi ni m des having basic nitrogen functions. It is said that

the subjeaRbfubaWHddithRs fdrUnbridags 7ad thht SMenalatdnibustiSaRERS BthibiRfroRIdl
antifunction properties and inpart antiwear and antioxi dant properties to a

| ubri Cﬁwﬁcgoggﬁy%ﬁﬂgﬂmfﬁﬂgﬁ%ﬁlg di scl oses anti oxi dant additives for

| ubrica are 10 prepared by conbining (a) a sul fur-containing

nol ybdenum ound_pr red b eacting an i.di ¢ l.ybdenum conpound, a
Das, o it 1 o LA BU 4 arees Atlisp s B OEHHUON nE ACQEYeS Uk S RRATES s ur
conpound. U.S. Patent No. 4,370,246 discloses the preparation of an

and | ox byl seactienioff carban disutdewith thiomolybdenymi desivatings of pelyalienybwbéiniimides(a) a
sul fur contai ni ng nol ybdenum conpound 15 prepared by reacting an acidic
ol ybdaaving basivaitrogen fandtisnisc Ik fs4id gein theaabject wdditivesl fimctias dispessangound,

with (b) an aromatic am ne conmpound. U. S. Patent No. 4,395, 343 discl oses
ant i oxXid@Bisingdatobiiene antifRbtidnftop&rRbs 4R iMphrt bhdledtafd 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 (a) a sulfur containing molybdenum compound
15 prepared by reacting an acidic mol}:lbdenum compoiind: a basic nit'rogen compoﬁnd, -: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 pre_pared by reacting an
acidic molybdenum compound, a basic nitrogen compound, and carbon disulfide, with (b) an

20 organic sulfur compound. i



prepared by conbining (a) a sul fur containing nolybdenum conpound prepared
by reacting an acidic nol ybdenum conpound, a basic nitrogen conpound, and

carbon di ide...wW th (b) an 20 organi c sul fur comnpound. 1008428
PCT/ USOl/%‘%gﬂﬁzg. Patent No. 4,402,840 discloses anti oxi%ﬁ&@é&%& ves
for lubricating oil that are prepared by conbining (a) a sul fur containing
nol ybdenum conpound prepared by reacting an amoni um thi onol ybdat e
conmpound, and a basic nitrogen conpound, with (b) an organic sulfur
compound. 5 U S Patent No. 4 428,848 discl oses conpounds prepared by the
reaction of IX,$. gﬁfﬂﬂkﬁo- 4302840 fHisgherss mtqu#dazwd}iwpyfoswmtmel?ﬂm atepha
olefin with an acidified hexaval ent nolybdenumsalt which is said to give
enhanc gdepaogshly canbiniog (2)ra soifort eentdining melybtienut tompdiad paeparedbyieacingran
treated adducts when incorporated in |ubricants. Al so disclosed is the

conmbi nakrimehigth thuEblyEEATE eompGund bkl AbZsidtrkel Lhd! jhi ch
conbi nation 10 i rrparytss to Ig%Jri cants an oxri%at"JiS%ﬂ P{‘]‘ﬁl‘ﬁlﬂ?@ﬁn? “'s said
to be Qgﬁﬁi&fm Jag is obtainable with either the zinc

di al kyl'di t hi ophosphat e or the nol ybdenum cont ai ni ng adduct al one. U.S.

Pat ent No. 74.673.di scloses.antifriction additives for |ubricating oil
th%\t are p&éaﬁ@ﬂ"’é\%'r“e‘%ﬁ@%@h T‘é‘ﬁ? fAmporads prepaiad by therrsaction afaviaddudin

active hydrogen or potentiall active hydrogen with a nol ybdenum hali de.
15 U. Sof pphesphosfurizedipalyis necir@dphe odefinvith anaacidifieddidxavalenposi t i on t hat
is said to have particularly inproved friction reducing properties that

conpr i swalytalenemtselt whichas gaid soogivdentiahéed coppérdoiosibn pratbetionl relfivéilonaer ol and
a selected nmetal dithiocarbamate and that contains a relatively | ow |evel

of phosBAGkdIFbdehlu treBRHARuMNPwhén RRdrpBfeth At RARS. Aidotildda s Nt @l ni ng

nmol ybdenum
combination of such compounds with a zinc dialkyldithiophosphate, which combination

10 imparts to lubricants 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',8'8!3 discloses: a lubricating.oil C(;)mposition‘ that is said t(i) héve
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.



20 di al kyl di t hi ocarbamates that is said to be useful for inproving the
fatigue He of gears. WO 03/008428 PCT/USO1/22517 U.S. Patent No. 4 765, 918
di scl ose ,cating oil additive prepared by reacting ceride
with a bi@@gLﬁgf#ogen conmpound to forma reaction productpgpgé t he
reaction product with an acidic nol ybdenum conpound to form an

I nternmedi ate reaction product, and reacting the internediate reaction
product with a sulfur conpound, 5 U S. Patent. No. 4,889,647 discloses

ol ybdenum co Iexes prepared by reacting (a) a fatty 0|I (b)

di et hanol anU{$e atentiNp 4,765, M8 discleses mlubsigating oilfdelitvempépexatbypreactimi <l t o

inmpart antifriction and antiwear properties to lubricating conpositions and

t o dearighyserideuwith a basisnitrogénvonipound teforml a RadHIATrbdiutt, §84HtIAE $he MdadtionPat ent
No. 4,995,996 discloses a lubricating conposition conprising a major 10

AMDUNtyr Bl @ Wi An fdid thfyb&éhhh%rﬁﬁo%ﬁ&’?d f&ﬁnaéﬂq%t@rrﬂ% 2k r RGN hgo(aﬁcta ddi ti ve

havi ng the formul a CAwherein'L IS 't gan xanf es and

of “cart E%%mg?%w%‘%f%@&amsﬁ Bt A BirRIBOKAE Y hooi 1 I n general, the

xant hat e Ilcﬁand L, have about to 30 carbon atons. U S. Patent No.
55605, 880 &Pe@a%Na 4 &%ﬁ Waﬁwafge%moly@émcqmmlnxqmrmaredsbmaqme(d) by 15
containing in (A a base oil in which the content of the aromatic

i ngr edi fatty oilj @) Sietitanblamivesj gritk (c) @ molybdenunsowrcd OTixpevntplexss iagddaidto | ess, S is
50 ppm by wei ght, and the viscosity is 2.0-50.0 m2/s, based on the total

~wei ghtimpartahefricaowasd irtivear §rBperfledfo- 18brR%4tRY c¥Bb&EMonfand to d fuel
al kyl (;Ilnghenyl am ne(s) and/ ol?rB%henyl oc- nap%t hy?amoneag) %n%cr%acsg, l\?bDTC of

aroun oo R oin Eernk e AT POt g of | conposi f1on 15 Said (o have
O et 53 PABALNG, £BRLI el BB e sSSP o o
| ubr ! %?rh)lungof a(.)nI clnl I)tg I{Jbrllcrgzlﬁé &?éosﬁ}(') gcij : Enln'?orx]' a?nr:)%;l{] gfs 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 l!)ase oil in \;vhich the coﬁtent éf the aron;atic ingredients 1s 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 Cy_,; and/or C,.4
in an amount of 50-2,000 ppm by weight iﬁ terms of the amount of molybdenum. Such a
200 - lubriéatiné oil composition is said to have high heat-resistant properties, a high ;tability to

oxidation, and improved friction characteristics, and is suitably used especially as a lubricating

oil for internal combustion engines.



8 WD 03/008428 PCT/US01/ 22517 U.S. Patent No. 5,650,381 discloses a

| ubricating oil conposition which contains from about 100 to 450 parts per
mllion enum from a nol ybdenum conpound which is t jally
free of d?ﬁ@@%gélfur and about 750 to 5,000 parts per niFFf@ﬁ&%ﬁgﬁj
secondary diarylamne. This conbination of ingredients is said to provide
| mproved oxidation control 5 and friction nodifier perfornmance to the
lubricating oil. The:.conposition is particularly suited for use as a.
crankcase lubricant. (See, also, UK 2,307,245.) . - U S. Patent No. '

5,688, 748 diy3CPRRAENS. 3,650, B8 AHisE18se9 b lutrRAIESHIl E&tpdsRion WhiK BcttainCRERRUST i ON
engi nes which is said to have high resistance to oxidation by nitrogen

oxi des | @nt Moyl | St ' ' ' : a

o of onthouf KSFtouf0'natts e nlar PO EhbY it e Windeho RO AURERERE * o o
prol onged periqd. The, | ubyi cati Qjl c sition cgpsists of, a base oil
princi %&F?E“‘@B%?P@g Fﬁ@’eéf‘{ﬁé’ W(ﬂ?’g%irsgéﬂ%% PR PR malion,of B $e5oRdarY,i scosi ty
of 2-20 mm®/s at 100 C and contains 3 wt %or |ess aromatic conponents in
t ot al , didfylaming cFhisreerabinasinm ofmgredions isisaig to ppovidecimproved axidation cairalt ppm or
| ess sul fur and 50 wt ppmor |ess nitrogen, to which are added, with

I &s pecind feicfidiembdified perfoir@biiceab thdlabiating 6ilt The coMpOsitish i8 pakticulhfly suifed

nol ybdenum of nol ybdenum di t hi ocar bamate, 0.02-0.15 w % as phosphorus of

zinc g LE ARNesiRalaubidnt. Ocsla  asoM) R0 30 RRp! - based anti oxi dant. The

| ubricating oil conposition is said to have a low friction coefficient,

which is ngj I.ned..f o l.onged eriod eyven after oxidation by

T ogen oV e Botegf No%h 6B 1A R005S 1 MiFichte Gt Enon i B iAo -
conpositions conprising .(A), at |east 2Q one secondary djarylam ne, (B) at
oast ebustion eneies HIKATGS S#id i, bEerEh AIsIARCES OFidetien HOpFegeBPXidesnd (C) at
| east one oil sol ubl e nol ybdenum conpound. These anti oxi dant conpositions
are sexcdllanofristioh ichdrhgtexistice that isemaintajned fardi prglongediperiode amd thibiabilityytot o

| ubricating conpositions,

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
nitrc?gen, to wh§0h are added, with respect to the total wéi_ght of the composition, 0.02-0.2-wt
15 % és molybdenum of molybdenux;l dithiocarbamate, 0.02-0.15 wt % as phosphorﬁs 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 secohdexiry diarylaxnine, (B) at least one sulﬁarized olefin énd}or sulfurized hinderé-d';')hénél, :
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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especially for highly saturated, |ow sul fur lubrication base oils. -9 WO
03/ 008428 PCT/ US01/ 22517 U. S. Patent No. 6,103,674 discloses a |ubri cati ng

oi | addi gwé%?}omgs conprises the reaction product of 5 an 525‘%&/%39

saturate er or acid, a diamne of the formula: HzN

carbon. disulfide, and........ ,. , ........ (d) a nol ybdenum corrpound
wherein R8 is an al kyl group of 1 to 40 carbon atons, R9 and R10 are

i ndependent | y sel ect ed 10 aI i phatl c or aromatic noieties, Wis oxygen,

sul fur, or - ipparts friction m)dlflcatlon and )
benefi ci al %$|R@é@1" N°e§i1|°§1§34;5‘#5§53§9sr%IUb’élﬁﬁimEﬁﬂ@édlithhﬂ@t easmprisey ther oper ti es
to the lubricating oil. U S. Patent No. 6,117,826 discloses dithiocarbanyl
der i vateaeten productaofe useful as nul tifuncti onal additives for |ubricati ng
oil's. 15 EP 719313 B 1 broadly clainms nol ybdenum di al kyl t hi ocar bamat es

(C7_24) and(g)l kyhahdtureieddesathatdd\@eeriop akbigbr i cating oils. The disclosures
of the foregoing references are incorporated herein by reference in their

entirety. 2?b)V\O g%a%gggﬁhgg&gﬁoll 22517

5
/Rﬂ\ /qu\ /Ra

HoN NH u

.{c) . carbondisulfide,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
multifunc'tional additives for lubricating Qils. |
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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SUMVARY COF THE | NVENTI ON The present invention provides a |ubricating oil
organo-i m do nol ybdenum conplex additive that inparts friction

nodi fi cat | rties to a lubricant. Mre particularly, nt

i nventi Onh@osﬁ{o?@& ed to a conposition of matter 5 conpripéﬂgsogizgﬁﬁpound
of the formula (Z N=)2Mb(S2CNR) 2 wherein Z and Rare independently sel ected
fromthe, group consisting of |inear hydrocarbon groups, branched

hydr ocar bon .groups, cyclic hydrocarbon groups, and m xtures thereof..In
anot her enbodi ment, the present invention is directed to a |lubricant

additive 10 conprising a ?W Z- N=) 2Mb( S2CNR) 2
wherein Z and R are independently s‘g?élgfé romlﬁ] group consi sting of

| i near hydrqgarbon roups, br.anched. hydrogar bon,groups,, cyclic hydrocarbon
o oups, and THoRTERaL T AR provifeh alibricatisg, 6 lsenernmamihdehmeompsent -
invention is directed to a nethod for reducing 15 the coefficient of

frict i eddigive that impartsinictienmpdifisation niepsirties to@ labricdnt. ubri cant a conpound of
the fornula (Z N=)2My(S2CNR)2 wherein Z and R are independently sel ected
from t he gr dprequanti¢udarlyy theqfresentrinventioy diy dirceted a6 agomppsitiorboBrsted

hydr ocar bon groups, cyclic hydrocarbon groups, and m xtures thereof. 20 WO

03500843 pRGhk Hedk{reaad St MERTRUET! ON OF THE PREFERRED EMBODI MENTS As

di scl osed"above, the present invention is directed to a conposition of

matter that is wuseful as a frigtion: W g additive to lubricants,
especially lubricating oils. T %N—O)mbwd;

* 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.
I‘n 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 hydroqarbpn groups, cyclic hydrocaTbon groups, and mixtures thereof.

20
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conposition is a conmpound of the formula 5 (Z-N=) 2Mb(S2CNR)2 wherein Z and
R are independently selected fromthe group consisting of |inear

hydr ocar bon roups, branched hydrocarbon groups, cyclic hydrocarbon

gr oups, éﬁeoﬁg%F es thereof- - . _ .. Preferably, the hyH%@@@PHEﬁlbroups
referred to have from1l to about 44 carbon atons, nore preferably from1l
to about 22 carbon atons. 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 eéxanple, independently

be nmethyl, ethyl, ; Iy , 2-ethyl hexyl,
|, DRSeRYPTIORUO¥ THE PREFIHNED %ﬁdbmé‘y@r ,

heptyl, octyl, isooctyl, tert-octyl, nonyl, d dodecyl ,

tridecyl, tgtr n ecyl,,. hexadecyl t adecyl.. octadecyl ..ol eyl,
nonadecyl , gisé@sg&%g& ?lbeoﬁéi @gga)rﬁs,%ntd%ce{ﬁ 15 %F?%‘gg‘gf ?Orpg{{%l%%%ﬁlﬁ ebﬁh‘? Keosyl , .
triacontyl, 15 pentatrjacontyl, tetracontyl, cyclopropyl, cyclobutyl,

cycl opsffyljas adiictionmedity &ﬁ@ﬁtwfet°|1¢hr@§ntarfapecr%maamo xkher es t her eof .
Additionally, contained within the chains of R and/or Z nay be ester

gr oups compésiticar is atcompousdiofthaforomagen and sul fur, which may take the form
of ethers, polyethers, and/or sulfides. The additives of the present

I ngention can be synthesi zed b% L MESIENR)Y scheme: 20 (Z- N=) 2MbC12* DVE
+ 2 Li S2CNR2 -' (Z-N=)2Mb(S2CNR2) 2 + 2L1d + wherein Z and R are

i ndepe w;tgl%id 2 an@ Rtk ﬁiﬁe&é@%ﬁf&l&%@ ‘ffbgf\@;@%x ' %sﬁ{ix#}éé')ﬂﬁ?f& @?%J%%Bbo n

groups, branched hydroc on “grou ures reo 3/ 008428

i R TR I e e, T
(di et hoxyetppg‘gri lyjthethryidxrcr)%;r@éh Sglrolu)éL rcerfl(l.rl(')erdi tgehb.ve 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, tx;icosyl, tetracosyl, pentacosyl, triacoﬁtyl,

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 LS,CNR, ~ (2-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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Li S2CNR2 can be made by reacting butyl lithiumw th a secondary am ne,

fol | owed by 5 reaction with carbon disulfide. For exanple, LiBu + HNR2
LINR2Z . V. ... ... ... ... 4 ... + CSZ.. LiNRz g2NC gZ Li e
addi ti ves Qf“:"’t”f’ﬂ“ésl nvention can be used with or without og’ﬁgwsgi’lz?ﬁ?on
nodifiers as either a partial or conplete replacenent for those currently
used. They can al so be used in 10 conbination with other additives
typically found in nmotor oils, as well as other ashless anti- wear

"addi ti'ves and ot her anti oxi dants. Typi cal” addi ti ves found | n |ubricati ng

o o “second i el AAFMPCERIRELANE Hide b \he MedePoB or e ' "
f‘ﬁ! o aSOperenen Al ey ﬁ{‘ﬁp&oéna““‘)?éda&wts i fif'iieﬁc‘)'l?'“s’

di al kyl di t hi ophosphates, antifoamants, friction rmdl fi ers, seal swell

agent s trinhethylsdyl¢hlenids, VI | nprovers, and pour point depressants. See, for
exanple, U S. Patent No. 5,498,809, incorporated herein by reference, for

a descri pti @iS,0iNRj2ah bt nladoby mbmg}bmyﬂhﬂﬁ@m?ﬁﬂiés&andzﬁﬁdhﬁﬂe\/ﬁﬂlouléd®g'p| es of
di spersants i ncI ude polyi sobutyl ene succi ni m des, polyisobutylene

sugci nQEfcthﬁWh%arbVﬂ Eu%eB |E€ss dispersants, and the Iike. Exanples

of detergents incl ue rreta phHendates, netallic sulfonates, netallic
salicylates, netallic cal exr angﬁ%gmﬁ 9&# Exanpl es of friction

modi fiers that can be used in the friction nodifiers of

t he present | nvent ion include fatty acid esters and am des gI ycerol mno

Ol EAtE; Or gano - 13 WO ‘031" 0dekRe S UBNE SO BT -

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 ageats, e.g., zinc
15 dialkyldithiophospﬁates, 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 dlspersants 1nclude polylsobutylene succxmmldes polyisobutylene
20 | succinate esters, Manmch Base ashless dlspersants 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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nol ybdenum conpounds, nol ybdenum di al kyl di t hi ocar bamat es, nol ybdenum

di al kyl dithi ophosphates, and the |ike. An exanple of an antifoamant is
pol ysil oxane, and the like. An exanple of a rust inhibitor_is

pol yoxyal WIOB4B yol s, and the |ike. Exanples of VI i mAGOVEI22HE| ude
ol efin copol yners and di spersant olefin copolyners, and the like. An 5
exanpl e of a pour point depressant is poly(nethyl nethacrylate), and the
| i ke. Exanpl es of antioxidant additives that can be used in conbination
with the additives of the present invention-include-alkyl ated

di phenyl aRideEs, ME%%%WH&@Q l &Mﬁ?ﬂ?ﬁé{mbrybdm Hﬂﬂ?{m ar

di aryl am’nes are W anti oxi dants a e I's no part

restricti,on o t he of ,secondary di aryl am ne that can be . used in the
br act | dbnighhogphates e e AR ERGDIE b e R AR LKA AR HE WSpe. of
antioxidant in a lubricating oil provides a synergistic antioxidant

mi xt ur Anwkample pEa sustiinhibiter isfpalypxyplkdenspolyoly end ihﬂ?l;kePrF@ta@rMﬂ of VE he
secondary diarylamne antioxidant is of the general fornula R11-NH R12,
wher e fiproverslintiide olefih copolpiapandd dispsrsant plefisn enpolgmerspand thetlike. An
unsubstituted aryl group having 6 to 46 carbon atons. I|llustrative of

SUPST | &%{méofﬂo&?ginzgyﬁregampp&l&@n&hﬂmacﬁylmﬂ ARG MM, gr oups such as

al kyl 15 having 1 carbon atons, 'hydroxyl, ‘carboxyl, am no,
N-al kyl at ed ] L NEd Al leyd - ' Ltroa. or WP aryle 1S
preferably gg%ﬂls@ ?%%ﬂggg%ghﬁﬁgé%g%ﬁgﬁtt%g‘b gﬁ‘é%‘fy‘r‘ °8?‘bh“§%ﬂ§hy ?the -éa‘?{'?{:su farI y
where qQne or hoth ,of , the a ups are substjtuted with al kyl ,such as one
havi ngt ezpressntzave@ap'b—gwnlgpaf%lat%@pﬁw@w Wf ﬁr%lgylaﬁeﬁ rPé‘ﬁWl%ﬂ?hﬁggnqsﬁaf”“éa*h' e
be enployed in the practice of the present invention include nonylated

di phenﬁbmmdm,dl@!i@l}lfnas ang witlidenomin antioxidatite ang therz(s ap pedioplasmestrystionsinne) |
styrenat ed di phenyl am ne, octylated styrenated di phenyl am ne, and

but y| atirdymcefisecsndarydiapRmideatiatean béséSin MhBpratideGithEposeiit aveniitne al Ky |
noi ety of 1 to 40 carbon atons can have either a straight or a branched

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.
Illustrativ—e of substituents for the aryl group a.re 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 to 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(oﬁtylphe;iyl);mine),"styrenéteci diphenylamine, octylated styrenated diphenylamins, and

butylated octylated diphenylamine.
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chai n, which can be either a fully saturated or a partially unsaturated
hydrocarbon chain, nmet hyl, ethyl, propyl, butyl, pentyl hexyl ,

2- et hyl tyl octyl, nonyl, decyl, undecyl, dodec trldecyl
tetradecgﬁé%g%%gggecyl hexadecyl , heptadecyl, octadecyl, d%%?@ MPhadecyl
5 eicosyl, heneicosyl, docosyl, tricosyl, tetracosyl, pentacosyl
tricontyl, pentatriacontyl tetracontyl, and the |like, and isoners and

m xtures thereof. Exanples of .some secondary di aryl am nes that can be

enpl oyed i ”Tﬁé‘ﬂkﬁrn%iéty%?l% 4bfé8rboﬁra?&ﬁ§‘&an'liw€9ﬁﬁé?'& strafght' 8€a beingh&ny! am ne,
di al kyl at ed di phenyl am ne tr| al kyl ated di phenyl am ne, or m xtures

t hereo " 0

N- phené”aml“%ycg‘hcgﬁ?? ngegl am te hcgn%a?@f& E‘Eagﬁ%*e%@%“fﬁ’l%‘ cl"F"}‘Bll’lg-g’and/ or
di - butyl di phenyl a rmno an /or di- I am ne, nono- and/or :
di - nombihgh, sﬂwhym?rl rbefyl ety hexy n&ﬁﬂmw in)iﬁ yiongl, daeybeundeadi ne, di -
hept yl di phenyl am ne, nono- and/or di-(a-nethyl styryl )d| phenyl am ne, nono-
and/ or datlecylf tridgtyl; tetradesyla pentadecyiNhexhdesybheptadeeyh-qutadegylealesl, achadecyl,

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

NN - bi §itdsyE hBidicodyllBédbsyIPRItosy]) tefradddon pemacstyia tiddatyl petatRadohn

mehst hyI hg%s%’yl ) - pl)c p enyI eirqul ayng ,Z]tg él\klﬁSz gl phen!)y/f p- p?}yenNg/I earﬁedl aan!'gl ne,

t &l i sopropyl -N - phenyl - p-
phenyl eneg@ﬁﬂi Mthﬁl-l%ei 4Hﬂ{albuty?gg]"f‘i‘l\FmB%ehenyI - phenyl enedi am ne,
2';/((: Ilo gi ;Iyl }%??n'}fﬂé%‘zﬁ\‘ thewe‘h%&ﬁﬂﬁ Eﬁeﬂ cannLe efnpk)l-yed in the practice of the
“4-(‘p-'t ol uenesul f onam do) di phenyl am ne, -i'sopropoxydi'phenylram ne, = 7~

t er t - opReyenh inventienends: - diphenylanmns, ém“wéﬁtecaﬁahw ing drigdkylatedo- and
di al kyl ated t-butyl-t-octyl di phenyl am nes. WD 03/ 008428 PCT/ US01/ 22517

Anot hediphetytaplise, of niixtereathereof] khgtrokydipsentylaatines drhydeoxydipthenylaminapi nat i on
with the additives of the present invention is the hindered phenolic type.

Af || | NSEHeRIL V2 pfnyRinkdiamidedNEphenyl-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-(¢t-methylstyryl)diphenylamine, mono- and/or di-
styryldiphenylamine, N,N’-diisopropyl-p-phenylenediamine, N,N’-bis(1,4-dixpethylpentyl)—p-

15 phenylenediamine, N,N’-bis(l-efhyl-3 -methylpentyl)-p-phenylenediamine, N:N’-bis(l-
methylheptyl)-p-phenylenediamine, N,N’-diphenyl-b-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-isopropoxydipheriylamine, tert-octylated N-phenyl-1-naphthylamino, and mixtures of mono-

and dialkylated t-butyl-t-octyldiphenylamines.
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phenol i ¢ conpounds, may be |isted al kyl ated nonophenol s, al kyl ated
hydr oqui nones, hydroxyl ated thi odi phenyl ethers, al kylidenebis phenol s,
benzyl ¢ acyl am nophenol's, 5 and esters and ami degs, of hindered
phenol - S’EQ%}F@?%d al kanoic acids. In a preferred enbodi mEtUS91 2838
present invention, 3,5-di-t-butyl-4-hydroxy-hydrocinnamc acid, a C7-C9
branched al kyl ester of 2,6-di-t-butyl-p-cresol, and mxtures thereof are
included, in the Iubrlcant conposi tions. Anot her exanpl e of an anti oxi dant

type that" cagfiother mm?leldi’th‘@ﬁhidxﬁiahﬂtypm thht édnde ubd mtdnibination efithithe pr esent
I nvention are oil soluble copper conpounds, and the |ike. Exanples of

ant i wegy; R bfih‘é%?es%ﬁt%véﬂﬁ&é e ﬁﬁﬁ'lefeg ﬁ@ﬁ@ia'@ﬁd A i‘ﬁhétﬁatfv@ of Bﬁ! lehbl%es of

t he present 1 nvention I nc € organo at es, “'or gano organ

3i 1 hi CRORIA SR 32&8??83"?@%?%&5" R %eﬂfftfﬁfw‘?ﬁa&ﬁ%ﬁéﬁﬁwé' AN

phosphates for use_as antiwear gents |ncI ude

di hy driydsesylatedihiadirhsnd sthess, alkylidenebisghanals bepgylicerapounds, agyleminopbentlai n an
average of at |east three carbon atons. Particularly wuseful are netal

s3l t s a1id esters smisdmidescofthidgrkdophenolysubstitutedatfansichaoids.c Ing peeferted i n t he
hydrocarbyl groups contain an average of at |east three car bon atons. The

aci ds dhiymmbHtOF the presefit ilaysl{tnﬁas lgydl-tdilftﬁl‘p%&%h gcidefCyed can be
illustrated by aci of the fornmula 20 -16 3/ 008428 PCT/ USOl/2 517

wh f | oal kyl ,
A al ki f%%"%}e%m 8 2B AR PEerClol ot e Ao B it n 7 071

“deri vglt ves or any, of the ‘above groupsTand vvherel n the R1l6 and R17 gt'6ups™
inth Gagt EQIRRO on average at |east three carbon atons.

Another example of an antioxidant type that can be used in combination with the

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 _incluée dihydrocarbyl_;ditlfliophosphaftes,
wherein the hydrocarbyl groups cdntain 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 dithibphosphates can be derived can be illustrated by acids of the formula

20 . o | s o

Rlﬁo\u _sH

OR,,
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By "substantially hydrocarbon” is neant radicals containing substituent

groups (e.g., one to 5 four substituent groups per radical noiety) such as

et her, estﬁr itro, or halogen that do not materially affect the

hydr ocar B% Oglﬂ&r"?a%t er of the radical. Specific exanpl es off'diO4RIM7R16 and

R17 radi cals include isopropyl, isobutyl, n-butyl, sec-butyl, n-hexyl,

heptyl, 2-ethyl hexyl, diisobutyl, isooctyl, decyl, dodecyl, tetradecyl,

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

" polyi i RE: {raa € HiffBen 8 WIRSL, cydidaBe)1, ARy alkaryl, or
tetra§@%§%?§ﬁ%-suﬁggﬁ#ﬁggﬁﬁ%ﬁgﬁﬁgk %§?%3t3P§GF§|S§§kthyF¥ c;glopentyl,

cycl ohexyl henyl. .. . O 6l

ot Aayputed SRy bR SR il Gt s BE BRI e SRERPADSNN, ||
di chl orophenyl . nitrophenyl, dichlorqdenyl, xenyl radicals, and the |ike. .
Al kyl whemie fieRi 204 Rep SfPBgﬁ ig g cidgeqch B%g? %Qsageééﬂ%g‘ﬁhafﬁ&ﬁ’éb% :

radi cal s having about 6 to about 30 carbon atons are preferred. 15

Par t i @yt ‘aubstantially dydredarBag’ ia meamtiradicaldicontainingrsubsiituent graups (68, 982 t0ar bon
atons. The phosphorodithioic acids are readily obtainable by the reaction
ok phgsphRbstitueReRb@sPet rdicabidicty) satls adetherpestérnaifre] or Hdlegenahattdoaivti nvol ves

m xi ng, at a tenperature of about 20 C to about 200 C, four noles of the

al coh atgxial&irb?;égé tthg'cli\ &o%]ﬁom&?a&& RS paRaEs  pentasul fide. Hydrogen

sul fide™ ra as the reaction takes place. M xtures of al cohols, 20
phenol s, or,both can be I 6. o m xtures of t I ols, C6
to C30 ar on%ﬁqc@é e&?@Bﬁ%P@%mtéﬁ§§ﬂV@%O§W66cg1 nf—'ll“,% %%?&bgﬁﬁﬁhg'bﬁ@{f’al s
useful to make the phosphate”salts, ipclude G oyj tal's, Goup U netals, ’
al umi rigebutybarthexyl, heptyh 2Zyasbnd hexyl, iﬁﬁg‘&%%?“&’@a%yi’ do ?Ri’tr??'é%fsﬁ Zinc is the

preferred netal. Exanples of netal conpounds that can be reacted with the
aci d ilexhdetgl, bttaecyinbakylghenyl, bjptdipentylphenyh octytphemyil,tpolyisabutenpdmatesular i t hi um
pentyl at e, sodi um oxi de, sodi um hydr oxi de,

10 weight 350)-substituted phenyl, tetrapropylene-substituted phenyl, B-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 aré alkyl of 4 to 18 ca_rbon 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 C;, alcohols, G4 to C;o aromatic

alcohols, etc.
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5 sodi um car bonat e, sodi um net hyl ate, sodi um propyl ate, sodi um phenoxi de,
pot assi um oxi de, potassium hydroxi de, potassium carbonate, potassium

nmet hyl ate, silver oxide, silver carbonate, nagnesium oxide, nagnhesi um
hydr oxi d&VO R84 um car bonate, magnesi um ethyl ate, magn&STHSPHSHY at e,
magnesi um phenoxi de, cal ci um oxi de, cal ci um hydroxi de, cal cium carbonate,
cal cium net hyl ate, cal cium propyl ate, cal cium pentylate, zinc oxide, zinc
.10 hydroxiide, zinc carbonate, zinc propylate, strontiumoxide, strontium
hydr oxi de, SRRUB uset femalcAREHOBRUAION] HaudCarip hEAstopapbar cadm um

et hyl ate, barium “hydroxi de, barium hydrate, barium

car bonat.e arium et hyl.at e.. .bari um pent vyl at al um. quMm ,.0Xi lUng aum
ot ol y s, FATPE Terds Fasolv oy S REntsn o a ke 785 e it
butyl ate, cobalt oxide, cobalt hydroxide, cobalt carbonate,. .cobal

“pent yImetal. Examales ofmetal compewads that g3y e 6%°Efé,w1ﬁ1 éﬂﬁ apid érbﬁhtf{fﬁﬁl@lem >t he
like. I'n sonme instances, the incorporation of certain ingredients,

part i dithiam hydroxibelighiinm caiodate, lghiumepeatylatersodiopl etids; sedivm hydrosaidel, | anount s
of the metal acetate or acetic acid used in conjunction with the netal

r gact agyidivth tdrbbrdts,! solimihméthflates sding ?_rép}@hté, @6dihin phenciidd, PBfassi@d oxidepduct .
For exanple, the use of up to about five percent of zinc acetate in

conbi nat.j | 0t LU . LG ' i Lo

For mar s o, sk B et fa Bty nEhB B M P e SRBIE
preparation of tal phgosphorodithioates is well known in e art and is
Clectr I MAEReSPT G, CERETAID BYOrOF cP CLGRS P Brhcaete; HRAA P IEe: Pat ant
Nunbers 3, 293, 181, ' 3, 397, 145, 3, 396, 109, and 3, 442, 804, the disclosures of
whi ch magnesinoopopylates magessismphepoxide.crlsiine oxide, celgaim hysdsexide cplcium Al so

useful as antiwear additives are am ne derivatives of dithiophosphoric acid
conpougaiisorats; lealsinamethghate; calient propylate Scaldiah pantylte, zige 68ide 488 t he

di scl osure of which is

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_a, nickel
15 .‘ hydroxide, nickel carbonate, and the like. i
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.
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I ncorporated herein by reference in its entirety. The zinc salts are nost

comonly used as antiwear additives in lubricant oil in anpunts of 0.1 to

10, preferably 0.2 to 2, weight percent, based upon the total weight of the

10 Iubriéﬁ?@ﬁémﬁ?q conposi tion. They may be prepared in afESHAHEBIW t h

known techni ques by first formng a dithi ophosphoric acid, usually by

reaction of an alcohol or a phenol wth P2S5. and then neutralizing the

. di thiophosphoric acid with.a suitable zinc conpound. Mxtures of alcohols

- may be usedny) ' ' I i ) : k&
Sesondary. qedepHAith (Pl oeorREMITRLY 100 REGANHIYart e RIS rary

for 15 thernmal stabjlity. Mxtute et are 1.GUl eful. In

gener &2 laéﬁ?mb‘aé?r@?dﬁsu?%ﬂﬁt?'ﬁ?’ mci‘qu‘l%gogtﬁ“r% 8&&%&6’@?& 8%5 u@g d?’g %ﬂt‘”@h e oxi des,

hydr oxi des, and carbonates are nost generally enployed. Conmerci al :

addi t i3y396, 109 aud 3413, see,ﬁhadﬁclawr@&fé%ydwezmq@mmeﬁ herein hyefesencedd  an

excess of basic zinc conpound in the neutralization reaction. The zinc

di hydrheipédtiretydi t hi ophosphates (ZDDP) are oil soluble salts of

di hydrocarbyl 20 esters of dithiophosphoric acids and may be represented

by the fol 'F@ ) DGOl iliRes additifRlbtfle hmine deBvativeS B SithidphesPhbrieRbid? - 19 WO
03/ 008428 USO01/ 22517 wherein R16 and R17 are as described in connection

3008428 PCT USO1/2251 a e In connect
or act ibmegniga B4 o BeRes st IS, PR NG Tiea A Mo Bl SRNEKEE ' o e

sel ected fromthe group, consisting of zinc
incorporated hereu? by re%erence in its entirety.

The zinc salts are most commonly used as antiwear additives in lubricaﬁt oil in
amounts of 0.1 to 10, preferably 0.2 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 stabili‘éy. Mixtures of the ;tiwo are pé&icularly useﬁl. In general, any basic or néufr'al
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 e represented by the following formula

s S
R160\|P| /s\Zn /S\U Ok,

OR,, OR,,
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di al kyl di t hi ophosphates, zinc diaryldithi ophosphates, alkyl ated

di phenyl am nes, hindered 5 al kyl ated phenolics, and m xtures thereof.

Conposi tions when cont ai ni ng these additives, typically are blended into
the base WP punts that are effective to provide t h&CH/USBHASIT
attendant function. Representative effective.anounts of such additives are
Illustrated as follows: 10 15 20 25 ConpositionsBroad Wi ght %referred

‘Weight % V.. Inproverl-121-4 Corrosion Inhibitor0.01 - 30.01-1.5 Oxidation
I nhi b'vmerran@l 2% R ufe & dessea stndedtiohQith the \hdﬁ%&bl@ldla Fl ow I nprover 0. 01
- 20.01-1.5 If)etergents/Rus | nhi bitors0.01 - 60.01 - 3 Pour Poi nt

ESEL?E?BB%%&%&%‘%“@ 5 ALDRAE G S9RR00 AN oot Bh g s .’*2%3’.385

- 1 i
30. Oespgcleﬁlyli)lxj'g errec{i1 that g\ g%el?ctclaclg ﬁl)r%qgee gBr%u%ré%gsxstlzn% o 03/ 008428

dialkyldithiophosphates, zinc diaryldithiophosphates, alkylated diphenylamines, hindered
5 alkylated phenolics, and mixtures thereof.
Compositions, when containing these additives, typically are blended into the base oil
in amounts that are effective to provide their normal attendant function. Representative

effective amounts of such additives are illustrated as follows:

10 Compositions Broad Weight % Preferred Weight %
V.1. Improver 1-12 1-4
Corrosion Inhibitor 001-3 0.01-1.5
Oxidation Inhibitor 0.01-5 001-15
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 Depréssant |[* ~ 0.01-1.5 . 0.01-0.5
Antifoaminé Agents 0.001-0.1 0.001 - 0.01
Antiwear Agents 0.001-5 0.001-1.5
20 Seal Swellant 01-8 0.1-4
Friction Modifiers 0.01-3 - 0.01-1.5
Lubricating Base Oil Balance Balance
25 |
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PCT/ US01/ 22517 When ot her additives are enployed, it may be desirable,

al t hough not necessary, to prepare additive concentrates conprising
concentrated solutions or dispersions of the subject additives of this

i nvent i oY@ PH383cent rat e anount's herei nabove descri bed), PEBFSOWESI M t h one
or nore of the other additives (the concentrate when constituting an
additive mxture being 5 referred to herein as an additive-package) whereby
several additives can be added sinultaneously to the base oil to formthe
| ubricatin ' fmﬁ ' | W49 e Hesi Iohl §@/Nid ate into
the | ubri cthvﬁér}\AgO%lg can‘;éggﬂ’f%"gl‘?}i%?h%gﬂg?%%g}@gﬁﬁg@% n\l()“;nérbnexi néw

acconpani ed .mld heatin but this | ot.essential..T ate or
addi t iW%Raﬁ%E‘E‘ﬁﬁ%ﬁ c%"?'ﬁratt mprisye 88“%8?%?g?@ﬁo?%orc%meﬁﬁl%gt% ﬁ@%&@@j{é{:{ ves in
proper anmounts to provide the desired 10 concentration in the fjnal :
f or nuladditives ofthis inyratiga finiconesntsate lempantsderairabore desgribed) dogetherithers ned
anount of base lubricant. Thus, the subject additives of the present

i nventdrafore ©f thebstherckliditives (thermbhceatraterwhenafonktiteingar additivetnhisturcbeiggt i bl e
solvents along with other desirable additives to form additive-packages

cant ai BiAGd 36 heréh 4snE2aditRBIpackaBe)owheretst soveral Adamivek Sardbe dddedcal | y about 2.5
to about 90 percent, and preferably about 15 to about 15 75 percent, and

it d . out 15 75 per cent,
appr ol efsy B E el B ARHRERE G ool Bistibldnotey | 7, 17
f | at i I i cal | b . 0 I gh : f th

i 116 REGBAA I the WbBei e oo BF s isa@d Y svertapad 6t s vei gt

percent ages expressed herein (unless otherw se indicated) are based 20 on
act i veaccompardedby mildhpatingnbusithis isfnot kesentiali The songenirate oy pdditiverpackageal wei ght
of any additive package or formulation, which will be the sumof the Al

wei ght witlftysieally tedfdirhuluted pb uontaih ehe atditiyies iropropet avhounitd toqurovddé therndesired2 1

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 ipercent, and most prefe:rably about 25 to about 60 pérée’nt 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 AI weight of each additive plus the

weight of total oil or diluent.
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WD 03/ 008428 PCT/ USO01/ 22517 In general, the lubricant conpositions of the
present invention contain the additives in a concentration ranging from
about 0.05 to about 30 wei ght percent. A concentration range for the

addi ti vesWOMHPIBf r om about 0.1 to about 10 wei ght per cerRCTHEAA2YA t he
total weight of the oil conposition is preferred. A preferred
concentration range is fromabout 0.2 to 5 about 5 weight percent. Q|
concentrates of the additives can contain about 1 to about 75 wei ght .
percent of phgefed] the HbricBMCohBsiftsbifthe preséht Givehfid contaitihb dadkivedh Of

| ubricating ofl viscosity. In general, the additives of the present

i nvention_are . ' f i ' | S e

| ubri c&tcpﬂcgfngfl#&g%agélsntgg%% %‘@’ugﬁ'tygr%gtagér’%ﬁroovg é@tﬂ%ﬁceeg + cAlgg%r%lﬁ%%ﬁ%nrsn%é;se oi |
10 stock fraction haying a kinematic viggosity at 100 C of about 2 to about.
200 csffor thepdditiyesranging gombevt GT to,abays 10 weight pefoent-hgsad rihe eq;lt}?’?gl&tbout 3
to about 100 cSt. The |lubricating oil basestock can be derived from

nat ur alof thetwili comipiosigioniid prefegnedt Wepreferred oonasatration @ngesis froor aboik0.8rites t her eof .
Sui tabl e lubricating oil basestocks include basestocks obtai ned by

| SQNEr ixBaitisoReight Y dn eDil Coneontrates ofiths additivéeddn cafitaliy4bodel fcdbae basest ocks
produced by 15 hydrocracking (rather than solvent extracting) the aromatic

and polgly,£a Qmﬂﬁtéﬁ?é addifive 1SS profich! i cdrtb SrALbRGIU hibribhfgie ant Ml
oils, vegetable oils (e.g., rapeseed oils, castor oils, and lard oil),
petroleumooils, mneral oils, and oils derived fromcoal or shale.

Synt het°%¥Y1 s i ncl ude hydrocarbon oils and hal o-substituted hydrocarbon
oils, such as polynerized and interpolynerized ol efins, alkyl henzenes,

pol ypheny! s In genejalatheadditivescofithe prgsent mveetion arg upefitlin @ yadety REMDricaings i des as
well as their 'derivatives, analogs,: and honol ogs, and the |iKke.

Synt hetdildbasastocks. aThepbdcdtingailbasdstock islanyaiakyrhleoresynthetielubridating base oil

i nterpol yners, copol yners, and derivatives thereof wherein the term nal
hyj@dr ox \tock Fadien RaNSs » RBBmBRENiSdosity 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 hydrocrackiné (rather than solvent extractihg) 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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by esterification, etherification, etc. Another suitable class of synthetic
| ubricating oils -22 WD 03/008428 PCT/ USO01/ 22517 conpri ses the esters of

di car boxyl,j ¢ Lds with a variety of alcohols. Esters useful nt hetic
oils al sowon%?o%é§t hose made from C5 to Cl2 nonocar boxyl i 8@6@%’3&1&
pol yol s and pol yol ethers. Silicon-based oils (such as the polyal kyl -,

pol yaryl -, pol yal koxy-, or polyaryloxy 5 siloxane oils and silicate oils)
conpri se anot her useful class of synthetic, lubricating oils., Qher

synt hetgbptiseathe astérs @f dichebokyii etlie withquvatiensdfalcoholk. Bsranhefuliss gmﬂieﬁi:rii ng
acids, polyneric tetrahydrofurans, polyal phaolefins, and the |ike. The

| ubri cagi ' rd m ' Aaf | ' oils, or
it ur oL B Belods Wogin B AR, 14 €7 mtoE B Ag oEf BFPoIFRRISAIRY U1 o

source qr synthetic source (e.g., 10 coal shale, or tar and bitunen)
wi t houtethe§ t her purification or treatnment. Exanples of unrefined oils
I ncl ude a shale oil obtained directly froma retorting operation, a

pet r ol eum oiSiliconthasedheits (ancheastthe palyaliile pelyanyl-apolpakoxyr, afpolyeridexyoi |

obtained directly froman esterification process, each of which is then

usad wisiiéxané ofls andnelicate eits) comprisembiherdsefiil clssofsyathetid mbri¢ating loéls. Otheef i ned
oils except that refined oils have been treated in one or nore purification

steps tsonihaid lﬂBﬁ&Yiﬁé%‘ﬂ@ irfalrudemaﬁdragteﬂ.eszw@hoﬁsichﬁﬁhﬁngowdsf b&ﬁlhéﬁa

techni ques include distillation, hydrotréating, dewaxing, solvent

extractio 1 d or acti o filtration, and percolation, all of
whi ch at?téal}wﬁ%&ffq?%ptoﬁ%&z‘a@éﬁsr g‘%dt?lgh{(%ie art. Rerefined oils are obtained by
treating refined,oils jn process simlar to_those used.,to ohtain the
ref i ned of | Shetrrisating pi e bedesived Fopyunrefined, 1efiRginrerefined oilsrgexRes

reprocessed oils and often are additionally processed by 20 techni ques for
r enov althereofs Inrefizaddiilsiaveebtained dirdctly fronkainatmrabsayuicecarssyntheltis sopses (8g-.0i | base
stocks derived fromthe hydroi sonerization of wax can al so be
10 coal shale, or tar 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 ohe or more pfope'rties. 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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used, either alone or in conbination with the aforesaid natural and/or
synthetic base stocks. Such wax isonerate oil is produced by the

hydr oi soneri zati on of natural or synthetic waxes or -23 WO 03/008428

PCT/ USO1MOB¥808438, ¢ ur es t hereof over a hydroi someri zat i onP€HUEINREL7 Nat ur al
waxes are typically the slack waxes recovered by the sol vent dewaxi ng of
mneral oils; synthetic waxes are typically the wax produced by the

Fi sher-Tropsch process. The resulting isonerate product is typically

Fr ot (g0l Gk a U Bfon Gl b dukes B QLY 12k
characterized b raocessi ng,very hi.gh vi,scosity j.ndices I avi ng
o 1 oyt feeaugba B ShanEpprpe R hinslatoiRS el ek e wHERRY Begtplll g
dewaxi ng, a pour point of about -20C and, higher. The additives of the :
pr eserprodused hy itk Fishes-Tropschipsoges. (Khsiresulting isomgrateanseduct i tipiedlly di £ f er ent

| ubricating oil conpositions. The additives can be included in a variety of
0i | s vdubjacted €o bolbérit daivasigg wnd fractiohationi to aeasttemynrivat fraetionanf spegifichet i ¢

| ubricating oils and m xtures thereof. The additives can be included in

f :]S?Qr ﬁ\gﬁgsgyn&%&gg aWaQQsd?ﬁér&eﬁ@il%osdhﬁfaEfehgéﬂ Bystodéiding mﬁgﬁw@dmﬁy Haides,

: buSti on engines. The conpositions can e used in gas
FRE 40 AR AT AN R
ddi 1 desgod BUPUS B HOTOAGTIRIGE) composi | ons.  The advant ages and
the inmportant features of the present invention will be nore apparent from
t he fol | owi Tie asditives of themresept inventiomare-espacially ussfith asi compongrsyiamuyVI )
di chl ori de, DME adduct
different lubricating oil compositions. The additives can be included in a variety of oils with
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° compositidns. 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-tert-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 zers-butylamine (31.3 mL, 0.3

mol) were mixed in a 1 L flask, and refluxed for 12 hours. The Na,MoO, was completely
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20 All operations with nol ybdenum derivatives were carried-out in an

at nosphere of dry argon. Anhydrous Na2MoO4 (30.9 g, 0.15 nol), absolutized
DME (0.5 L), triethylamine (84 nL, 0.6 nol), trinethylsilylchloride (152
L, 1.2 nBO)03084d8tert-butylamine (31.3 ni, 0.3 nol) wer EGHYIE22H7a 1 L
flask, and refluxed for 12 hours. The NaZMoO4 was conpletely -24 WO

03/ 008428 PCT/ US01/ 22517 di ssol ved. The reaction mxture was filtered and
the solid (Et3HN*A') was washed twice with DVE and once with hot heptane.
The sol r oW AL A s AR k QU RP@&%] and

t he grgégqﬁk;s 'soeﬁgécﬁaggéﬁo #ﬁ%ﬁﬁc&%}g;{n\gﬁiﬁ%%&gﬁy sh:;tk%?\da\%viwtil ﬁgo d hei%ne.
The he s filteredq off t ield 42.5 70, .99 of vellow cryustals. 5
Exarmpl DV st Snceayt ichepienp-c SpTSE arp UF T et S m e TiERd A
operations with nol ybdenum derivatives were carried out in an atnosphere of.
dry aliquid phaveozad tinareenish splid magwmobtaingd was vigerouglyshakeniwith qoidhexage. 0. 125
nol), triethylamne (35 m., 0.25 nol), trinmethylsilylchloride (31.6 ni,

0. 25 nhy hexanel wab/Bltér20 fFH0 yidld 426 g€700) ed yeltoye chystalsand ref | uxed for 5
hours. After cooling the solution to room tenperature, the precipitate was
fittered off, the solution was evapomiieg under di mnished pressure to '/4
of"its initial volunme, and the filtration was repeated. Then, the renaining

sol vents were renpved |j i.di (o] ct, which was
recrystallized t#&%gr#g%mgﬁ?gﬁé&é.‘IQ‘W%O&C@&%‘GI’ hejax%r%ésﬁ?cgl line solid was
obt ai ned. Th ield was, 23 72 %9 . 15 Exanpl e, .
s (Ler - bbdlreratigss SHhaihd A ARHP e BE S in-a9 gpmashse XAy
CA42HB6MON4 S4

argon. MoO,Cl,'DME (18 g, 0.0625 mol), fert-octylamine (20.1 mL, 0.125 mol),

triethylamine (35 mL, 0.25 mol), trimethylsilylchloride (31.6 mL, 0.25 mol), and DME (200
10 mL) 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 ¥ 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 cgstdline solid was obtained. - The yield was 23 g (72 %).
15 - ' Example 3
Bis-(tert-butylimido)-bis-(diisooctyldithiocarbamato)molybdenum (Vi)
C,.HysMON,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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Al'l operations with nol ybdenum derivatives were carried out in an
atm)sphere of dry argon. To a solution of bis-(iso-octyl)amne (10.6 ni,
0.0351 nol) in diethyl ether (200 nL) 20 at 00 C, a 1.48 M sol uti on of
but yl i t WO xane (24 nL, 0.0351 nol) was careful |y RfFEES01RRFIA
stirring. After stirring the mxture for 10 mnutes, CS2 (2.1 nm, 0.0351
nol) was carefully added, and the tenperature aIIovved to rise to 20 C.
Then, a solution of 7 g of Exanpl e 1 Product (0.0175 nol) in 50 nL DIVE was

added, lﬁ@gltveﬁtg Werééda&&%t?% Jer@Er feggcielagﬁ%ﬁure 33 VARMSLOMPARE Gl HuHSRA/RE517

t he so vents were ev uce pressure to a volune of 50 ni.

One hun n1_ of ut L on ltered. The
(1t r apeh waw?%?e@d“ fiodQBen VELmENS TRESRR e NaBP R aREE

obt ai ned. Exanpl e

Bi s- (t and 153%8@&@6@@1@5‘”@@@@@@& yl di t hi ocar banat o) nol ybdenum (VI )
CSOH102MoN4AS4 Al operations with nol ybdenum derivatives were carried out
in an atnosphere of dry argon. To Exasplei on of bis-(iso-octyl)amne (4.1
m., 0.0137 nol) in 100 nL of diethyl ether at 00 C, a 1.48 M solution of

bugyl i thium iﬁlsh@faaa viiRid®)Bls-(dfisddS itk chrbamst)AoRbbAum eiged 10 wi th
stirring. After s rlngthe m Xture for 10 m nutes, CS2 ( 3 nm, 0.0137

not) was carefully added, and th% W@ﬁﬁ gure was allowed to rise to 20 C
Then, a solution of 3.5 g of Exaipl® roduct (0 00686 nol) in 30 nL DME
was added and after stjrri for .10 .m nutes, ol vents porated
under reduc OﬁP’@é@ﬁsr@tb Y deriyatives Were cg@& m*}ﬂ_aB‘Pfﬁ‘e 9(@%3

added, and the solution was filtered, The filtrate was evaporated in 15
vacuo, aggod. To2 splusfonaf bisr(isoreatyl}sminaidsl bt 8042 mol) in 100 mL of diethyl ether

at 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 solution of 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 gdded, 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-octyIN),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, 2 1.58 M
20 solution of butyllithiim 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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Exanple 5 (tert-octylN)2Mo { S2CN(Coco)?2}2 Al operations with nol ybdenum
derivatives were carried out in an atnosphere of dry argon. To a solution

of 10 g icocoamne in 200 nL of diethyl ether at 0 C, a 1.58 M 20
sol utionp%f)g’a@&“?fthi umin hexane.(15.3 ni, 0.0242 nol) waRCHYPYFy added

with stirring. After stirring the mxture for 15 mnutes, 1.46 nL of CS2
(0.0242 nol) was carefully added, and the tenperature was allowed to rise
to 20 C. Then a solution of 6.18 g (0.0121 nol) of Exanple 2 Product in .

20. 9 My M ap6atedddies rediediirb@hretolavolutse 6050 il B uidrdd 1AL PhMRRAR - 26
WO 03/ 008428 PCTI USOL/ 22517 were evapor ated under reduced pressure to a

vol ume v%fs a&%&%q @%g?lnﬂgﬁl a8 fifkred! s Hﬁé@&fay\@\?ap§gaggcggl @}go,garﬁg &%? aéj éf on was

filtere € Wwas evaporated i n vacuo, red

oi | was ohtained. anple 6 5 (tert-butyl N)2M{S2CN( Coco) 2}2 Al -
oper at asle ‘Wﬂquﬁﬁim derivatives were carried out in an atnosphere of
dry argon. To a solution of 10 g of dicocoamine in 200 nL of diethyl ether
at 0 C, a 1.58 M solution of butyEximple®m i n hexane (15.3 ni, 0.0242 nol)
was carefully added with stirring. After stirring the m xture for 15

m putes, 1.46 nL of CS2 (0.(Ge2dButyd)MuBCOHCoEs)},y added, 10 and the
tenperature was allowed to rise to 20 C. Then, a 0.324 M sol ution of

Exanpl e 1 Bfllgg)‘éfr#tiﬁh?g?ﬁﬂé]deﬁuﬁdeﬁ@aﬂgé@ve@&}ﬂ%tgﬂQﬁggré%ﬂfri]erg%f ﬁé'

stirring for ol'vents were evapor at educe
SRR N ST NI ORI T VL
g of a sgl%{iiéx; gf? lgjutj(/)llhtlhn\llnv‘rlj1 lsn l?e?ér?ei (n 16‘35% 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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15 Exanple 7 Canmeron-Plint TE77 H gh Frequency Friction Machine Friction
Coefficient Testing The anti-friction properties of the novel reaction
product in a fully formulated lubricating oil were determned in the
Caneron BQ#Y008287 Friction Test. The fully fornul ated | BETAUSANI28Y oi |l s
tested contained 1 wt. % of the additive to be tested. The additives were
20 . tested for effectiveness in a notor-oil.at increasing tenperature
points and conpared to identical fornulations with and wi thout the

friction. Q. WIEri-cal: i t Coef fici ent
of Fricti o@e%ﬁ’%&g‘g&?\n&t@%{l'ﬁ']ﬁg#hg\a@@bﬁln%ﬁ cilégl% W@ggesgsaﬁr?h?} g? wor ds,
the lower the_ Frictiqn Coefficjent value the better the additive is at
reducmﬁmg‘éﬁeﬁﬂencyff‘cww @#ta JS W@gﬁ?“ﬂqéa?‘agtcoﬂﬁa%ur e for
determning the friction coefficient with the Caneron-Plint TE77 Hi gh

Fr equadditivéisiplacedin thiadést nkarnber ao as td ¢ayesa flatestatinnagf hasdensd igraimd Y SOH
containing additive is placed in the test chanber so as to cover a fl at

st at | QAT (Yaugd Piles GRC G0MHicNPHA. Reiprdcatigtespebinien, § REnGR Idhgitridedstpel A

reci procating specinen, a 16 nmlong nitrided steel 5 dowel pin (6 mm

A Speci oad.
a”etdgﬁxﬂegﬁﬂ égf“)‘% gfatﬁngé'r%as“%ﬁ?};gb rél%d% tbp6f fHeQflel PhtiihdeNSENewbnioxd, 0N | 0a

al'l owe roomtenperature over 10 m nutes and
i nt aj,ned, at, 35 C i nutes. Th it Lhe,50 A i I ,
The '+ UPRPORAAENS fo A5 frofh BionERumpbiGifte ol b ity il Rt PR3 R, PI 20

amplitude stroke length. The tenperature is then ranped, up to C over
10 ni ot &minwtes. fehens with the 24 Newtan lp I“B’?Q?Pn‘il}f’é%qlpr?ﬁ%"&éecﬂgp%cytqf;g%}q%r eased
to 10 100 Newtons and the tenperature is ranped up to 165 C over 1 hour.

Fri ct iipbegGaefifh 1 emillimetet amplitade sirokedergth.b Thewsempesgureds then rathpgediupto
specinmen is cleaned between runs wth hexanes and #500 enery cloth. A new
dovel sppie GVer 30 Hdimass &d hbiataiiedelt 509 O forS5 titf@ess aXHe 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 reprodpcible results.

15 The motor il formulation tested is a SAE 10;W-30 grade congaining dispers':mt,
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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time. Areference oil is run alternately between experinental oils. The
sane flat specinen is wused until the reference oil no | onger provides
reproducible results. 15 The notor Q| fornulation tested is a SAE | OV 30
grade conV2iMHORY2i spersant, detergent, antioxidant, rust BGHU2R$7 pour
poi nt depressant, OCP VI Inprover, and anti-wear additive. Friction

nodi fier was added as a top treat to this fornula. WD 03/008428 5 10

PCT/ USO01/ 22517 Table 1 Cameron-Plint H gh Frequency Friction Machi ne :
“Friction Results Blend | DAdditivewight %C of F () Cof F () Cof F () @60
C@ 120 Cﬁ®160 C 392 014Exanple 31 00. 0370 0420 035 392 OZOExaane

41. 00. : ] = ;

61. 00. 0750 0370 033 No FML- - 0. 00 125@&&200 100 CFNQ--l 00. 1150. 1150 21 1
The reference oiCarhéroa-Hlint Fygh Frequensy Frctidi\MachigsErdtionResulbnk case or

oi | coptamrmg T frTctTonmodrfrer—

: Blend ID Additive Weight % Cof F (p) C of F (i) Cof F ()
@ 60° C @120°C | @160°C

5 392-014 Example 3 1.0 0.037 0.042 0.035

392-020 Example 4 1.0 0.095 0.038 0.035

392-086 Example 5 1.0 0.057 0.033 0.027

392-089 Example 6 1.0 0.075 - 0.037 0.033

No FM! - 0.0 0.125 0.120 0.100

10 CFM? -- 1.0 0.115 0.115 0.121

! The reference oil is a fully formulated 10W-30 gasoline crank case motor oil containing no
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-Biall Anti-Wear T@Stililg : i o ‘
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 identigal 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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2 CFMis an ashless comercially available friction nodifier based upon a
m xture of fatty acid am des, glycerol esters, and glycerol. 15, Exanple 8
Four-Ball Anti-War Testing The anti-wear properties of the novel reaction
product i WOD3B42$ fornul ated lubricating oil were deter GREESIIR23He
Four-Bal |l Wear Test under the ASTM D 4172 test conditions. The fully
formul ated lubricating oils tested also contained 1 w. 9% cunene

hydr operoxi de to help 20 sinul ate .the environnment within a running engine..

The additives were te‘i‘kﬁﬂgf:oéAEf foﬁf-_tSiO‘IﬁG@ﬁ)il beihiatigRi or oi | fornulations
enti pa

(see Table 2) and conpared to 1 p ornmulatrons wmth and w thout any

zinc d:’ ?I kyl dith'! ophosphate, In Tzigl e g th& nunerical v |°}le of the test
resul t 40K Wear °Di anmetrm OB creases Wi Me4n increase in
effectiveness. -29 WO 03/008428 PCT/ US01/ 22517 Table 2: SAE | OWN¥ 30 Mt or
O | FoSeiveat Neutsal £60 nul aBalanceant . SfodventNewtrad 408wt . % SoBelenee Neutral 100
Bal ance Sol vent Neutral 100 Bal ance Sol vent Neutral 15060Sol vent Neutr al

15060 Soneat Newtrdas® spe6Gant 7. 5SiBxivent Niesteal D58 per sant 805 Over based Cal ci um
2. 00ver based Cal ci um

5 Succinimide Dispersant 7.5 Succinimide Dispersant 7.5
Overbased Calcium Overbased Calcium
Phenate Detergent 2.0 Sulfonate Detergent 2.0
NeutralCalc;t;m | Neutral (';‘alcium -
Sulfonate Detergent 0.5 Sulfonate Detergent 0.5
10 Antioxidant 0.5 Antioxidant 0.5
Rust Inhibitor 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' 10 Antiwear Additive 1.0
.15 ! In the case of No antivw;ear additive in T,ablé 3, solvent neutral 100 1s 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.

-30 -



2.0 Phenat e Detergent Sul fonate Detergent Neutral Calcium 0.5Neutral Cal cium
0.5 Sul fonate Detergent Sul fonate Detergent 10Anti oxi dant 0. 5Anti oxi dant0.5
Rust I nhibitor0.1Rust Inhibitor0.1 Pour Point Depressant0.1Pour Poi nt

Depr essafY@0¥008¢28 /| | nprover5. 50CP VI | nprover5.5 Anti weBET/US01/22517
Additive' 1. OAntiwear Additivel.0 15 1 In the case of No antiwear additive
in Table 3, solvent neutral 100 is put ' in its place at 1.0 weight

percent. The fornulation. is.treated so.that 1 weight percent anti-wear

additipe 1§ based upon 100 percent tive materral. 5 10 15 WO 037008428
PCT/ U301/ 22517 Tabl e 3 Fal ex_Four - Bg‘aﬁe@‘éar Resul t s ConpoundFor nul at ijon\Wear
Scar O aneter, nm No anti - wealexdipurBalla¥ear &esulisnc -
dial kyydit _hl 085‘1%38&% eAD. 46 Formulation Wear Scar Diameter, mm
No anti-wear additive A 0.93
5 Zinc dialkyldithiophosphate A 0.46
Example 5 A 0.56
Example 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.
i I . :
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Exanpl e 5A0. 56 Exanpl e 6A0.85 No anti-wear additiveB0.98 Zinc

di al kyl di t hi ophosphat eB0. 53 Exanpl e 3B0. 44 Exanpl e 4B0. 78 Exanpl e 5B0. 44
Exanpl e 6B0. 70 I n view of the many changes and nodifications that can be
made wit WQ030@Barting from principles underlying the i RCEMSPHRSLT
reference should be nade to the appended clains for an understandi ng of
the scope of the protection to be afforded the invention. WO 03/008428

CLAI M5 PCT/ US01/ 22517 What is clainmed is: 1.1. A conposition of matter .
conprising a conpound of the for ”IHJEA]I?IS(Z N=) 2Mo( S2CNR) 2 3 wherein Z and R
are independently selected fromthé group consisting of |inear hydrocarbon
4 grou‘&s, branchedq hydrocarbon groups, cyclic hydrocarbon groups, and

mi xt urhat sladgyediss 2 The conposition of claim 1 wherein at | east one of

t he hydrocarbon groups is fully 2 saturated. 1 3. The conposition of claim
11wherlei n aA compasitionof rodtter kemhsising e aempoungrof thesformulsar ti al |y 2 saturat ed.
1 4. The conposition of claim1l wherein at |east one of the hydrocarbon
ggpoups is (Z-N=),Mo(S,CNR,),

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
‘.. i ‘ -
-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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branched. | 1 5. The conposition of claim4 wherein at | east one of the
hydrocarbon groups is tert 2 butyl. 1 6. 'The conposition, of claim4
wherei n at st one of the hydrocarbon groups is isooctyl. 1 7. The
CoNnposi t|Wﬁ’°3%°§:ﬁ2§| m 4 wherein at |east one of the hydr océ’%ﬂ’ﬁ“@’%ﬂf’)s is
tert 2 octyl. -32 WO 03/008428 PCT/US01/22517 1 8. The conposition of claim
1 wherein the conpound is bis-(tert-butylirnido)-bis 2

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

wher ei gt hegge g&ﬂg&ﬁldnsoftﬁlaﬁm(ltﬁﬁéreﬂ%é/ kd diﬁhlh?bﬁ-(%rt—bu limido)-bis-
di| sooctyl di t hi oc mat 0) - nol ybdenum (VI 1 10. The conposition of claim

cApos iﬁ%ah*?fﬁqﬁw”‘és%“”%to&m%&ééﬁﬁ?ﬁé%%%ﬁ?25“( weorms 1 e

(tert-butyl N)2Mb{S2CN( Coco)2}2. 1 12. The conposition of claim1 further
conprising a lubricant. 1. 13. The conposition of claim 12 wherein the

| ubricant is a lubricating oil. 1 14. The conposition-of claim 12 further
conpri 9i ng Thelcempositioncofaialintli wherkingbiel campaing iskis«terteaktylinido)-bis- gr oup
consi sting of dispersants, detergents, rust inhibitors, antioxidants, 3

su fur Hg%c@h,ﬂ{}ﬁd&;baﬁﬁt@dh@meﬁﬁmm aI deactivators, anti-wear agents,
anti foamants, friction 4 nodifiers) seal swell agents, demulsifiers, VI

i nprovers, and pour point depressants.

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

2 (tert-octle)Mo{SZCN(Coco)z}z.

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.

I . 13. The compositibn 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. - L :
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WO 03/ 008428 PCT/ USO1/ 22517 15. The conposition of claim 12 further
conprising at |east one additional additive 2 selected fromthe group
consi sting.of alkylated di phenyl am nes, hindered al kyl at ed phenol s
hi nder ed Qngf d phenolic esters, sulfur-containing hinb€ f ﬁﬁ%ﬁbllc
esters, and sulfur 4 containing hi nder ed al kyl ated phenols. 1 16. The
conposition of claim15 wherein at | east one additional additive is an
al kyl ated 2 di phenylamine. 1 17. The conposition of claim 16 wherei.n the

alikyl ajed dTH@S&M{;@biﬂdﬁst‘c&nﬁQb%&ﬁ& cﬁ)h@ﬁkﬁa?ﬁt ledst %9%;&6&&%&%@ of
nonyl ated di phenyl am ne, octylated di phenyl'am ne, styrenated 3

ey o 54 i R B B ] o
gef*&rsrbgurhl?’ Hf%ﬂewi]v qgr OUp@ﬁ{ré?@ééﬂaqersd ehenelic sstermcid Uiy | est er of

2,6- 3" d|-t butyl p-cresol, and m xtures thereof. 1 19. The conposition

of4 cl acontaxmngdnmdemda&kyimdshmgISa menber selected fromthe group 2

consi sting of zinc dialkyldithiophosphates, zinc diaryldithi ophosphates,

and mi xtures thereof. 1 20. The conposition of-claim 12 further conprising

a mxture of at Ieast one al kyl ated. 2 di phenyl am ne and at | east one zinc

dial kyjgli t hipg )/ BAGHh( osition

of1 cI ai% 20 V\ger eP °%’93?%@§ﬁ§@égﬁg# ses a?&ql%%esl I@ﬁ%&@ i nder ed
éeﬂ?{)l?enol icC. 1 22. A lubricant additive conprising a conpound of the

2|Vb(SZCNR)2 3 wherein Z and R are independently sel ected
fromthe group consisting of linear hydrocarbon 4 groups, branched
hydr ocar bon groups, cyclic hydrocarbon groups, and m xtures thereof.

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-r-butyl-4-hydroxy-hydrocinnamic acid, a C.,-C9 branched alkylester of 2,6-

3 dl—t-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.

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

2 diphenylamine and at least one zinc dialkyldithiophosphate.

-34 -



1 23. A nmethod for reducing the coefficient of friction of a |ubricant
conprising adding to 2 said lubricant a conpound of the formula 3 (Z

N) 2Mo( S2CNP 2)2 4 wherein Z and R are independently selected fromthe group
consi sti nYOIPP§4%ar hydrocarbon 5 groups, branched hydr 8€ZfUS8H2¥ABups,
cyclic hydrocarbon groups, and m xtures thereof. 24. The nethod of claim 23
wherein at | east one of the hydrocarbon groups is fully 2 saturated. 1 25.
The nmethod of claim 23 wherein at |east one of the hydrocarbon groups is

partiably 2 At B 20160 Ia%dtagf eifn.at..[ east one of
t?\le hy%?ocaprrgghb%é%sﬁ%sn (?fs&glpazncheég:ah .ur%hrgr}egﬁno@%% gicll@%ls?%n 6 wherein
at_ | east .on f e hydrocarbon groups is tert-butyl. -35 WO 03/008428
PEr/ Us@fﬁgﬁgfﬁ‘ylfg%heg‘ﬂ@' met hod of claim 26 wherein at |east one of the
hydr ocarbon groups is isooctyl. 1 29. The nethod of claim 26 wherein at

| east one of the hydrocarbon groups is tert-octyl. 1 30. The nethod of

cl aim 23 wherein the conpound is bis-(tert-butylimdo)-bis 2

dusooc2®l! di Ahubdeanbadditive) complrigingaraompoithd of the tmulbhe net hod of cl ai m 23
wherein the conpound is bis-(tert-octylimado)-bis- 2

dij sooctyl di t hi ocar bamat 0) - Mol g R \@ﬂu{%é 32. The nethod of claim 23
wherein the conpound is 2 (tert-octyl ﬁl\/b( (Coco0)2)2. 1 ' 33. The nethod
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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=)2M0(SchR2)2
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, 'Themethod 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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28.  The method of claim 26 wherein at least one of the hydrocarbon groups is isooctyl.

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

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

diisooctyldithiocarbamato)-molybdenum (VI).

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

diisooctyldithiocarbamato)-molybdenum (VI).

32.  The method of claim 23 wherein the compound is

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

33. 'f‘ﬁe method of claim 23 wheréin the compound is

(tert-butylN),Mo(S,(Coco),),.

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