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PCT/ EP97/ 07135 MOLYBDENUM COVPLEXES CONTAI NI NG LUBRI CANT

COVPCSI Tl ONS The present invention relates to |ubricant

conposi t i 3¥@98(2682% net hod of making them  BACKGROUND OF THETBRMTISEN

Mol ybdenum di sul fide is a known |ubricant additive. Unfortunately, it has
certain known di subYanENiM SOMPLBXES CONIANINGAIUBRICANTS €@OMBYSITIONS | nsol ubility in
| ubricating oils. Therefore, certain oil-soluble nolybdenum

sul fur-cont ai ni ng conpounds have been proposed and investigated as

| ubri cant addi t A - & 4 4,966, 719;
4,995, 966; and ﬂh&ﬁ?%eﬁ@eﬁ?oer?ﬁe%ﬁ%ss{%ﬁgw?z“ gﬁaggﬁ?qsp%ncgan%eo édo?q -sol ubl e
nol ybdenumakingztbemds and t heir preparation. U S. -A-4,705, 641
describes the m xture of certain copper salts and nol ybdenumsalts in a
basestock as anti oxidants and antiwear agents and Shi bahara, Coord. Chem
Rev. 123, BAOKGROUNIPOF THEINVENTIONT t ai n nol ybdenum and het er onucl ear
conmpounds. U S.-A- 4,730,064 describes m xed copper- nol ybdenum conpl exes.
However, none of the above describes the uses or benefits of

copper / mol ybde mgitsdénlib dis@iad 86 dwh ILibidnt aldifive. Unfortunatelllfhasi S a
continuing need for additives that denonstrate enhanced | ubricating

proper t i e§engaknpwn digadyantages sume pbwhish iasm cavreadyy itginsalykility in and

ant i oxi dapngy: a4 hat 0 L Ale LSL 14 :nackages. The
pr esent iM’r‘ft |' n&fél'do-lrrr%gésf%%'t .éhﬁggamw@mﬁ%g@&ﬁ?@ﬂﬁ% ON

I n a firstcomppeands havedeenpsepdsed and investipated asilukricant adsitivessil. SeA-
conpri si ng,qAQr ). X g:Y u j | bricating

Vi seos: ty 25 0 R af: o 80 4851 s 2D K boSbeR bl s e e hre s G
cont ai ni nglustritdtecst alestriptions of eit-salable Inesiybdepwuen torepaugnds a@hddhei8 nol ybdenum
atons, the othetr nmetal atons being Co, Cr, Cu, N, M, W Zn or Fe, and
bonded t héfe&? H"gands capabl e of rendering the conpound oil -

soluble or oil-dispersible. Preferably, the core is a cubane core,

optionally includin al o in a thiocubane core.
P y U.g.-A-%,'?OS,éMngescgbes the mixture of certain copper salts and

molybdenum salts in a basestock as antioxidants and antiwear agents and
Shibahara, Coord. Chem. Rev. 123, 730148 (1993) discloses certain molybdenum
and heteronuclear compounds. U.S.-A- 4,730,064 describes mixed cbpper—
molybdenum complexes. However, none of the above describes the uses or benefits

of copper/molybdenum/sulfur complexes in lubrication.

There is a continuing need for additives that demonstrate enhanced
lubricating properties, particularly friction reduction and/or anti-wear, and
antioxidancy and that are compatible with existing additive packages. The present

invention addresses this need.

SUMMARY OF THE INVENTION

In a first aspect, the invention is a lubricating oil composition comprising, or
made by mixing, a major amount of an oil of lubricating viscosity and, as an additive,
a minor amount of at least one compound containing a heterometallic tetranuclear
core having 1,2 or 3 molybdenum atoms, the other metal atoms being Co, Cr, Cu, Ni,

Mn, W, Zn or Fe, and bonded thereto ligands capable of rendering the compound oil-



Addi tional |y, oxygen and sel eni um can substitute for sulfur in the core of

many of these conpounds. The tetranucl ear conpounds are useful in
formul ating lubricating oil conpositions having enhanced lubricating (i.e.,
friction rv@R8262%nd anti-wear) properties. | n a PETEMIFOUSHect ,

the.invention is a nethod for preparing a conpound as defined in the first

aspect of dofifpid &V&p&lbﬁ’é}sﬁﬁd mfgljabhyaﬁleac&@‘ %D AN c&%r %Btﬁm\'“g b, SR

conpri ses reacting a nono- enum sour a’sourc of sai d
other met & atemsip a thisgubanecaree of sai d Ilgands e.g. in a liquid medium
to form said conpound. o The present invention also provides in a
third aspect, a nethod of |ubricating nechanical engi ne conponents

particul arly arAdditianaliploxygerbarsd seleniemgiansubstitatddbmguifaninahé cofe éfuhameat i ng
viscosity gﬁ‘? %Icl’(l)l uat | east one conpound as defined in the first aspect
of the inv Bg%r ating the engine. Al'so included, in a
fourth aspect, is an additive concentrate for blending with lubricating
oils, conprisi nﬂ‘@raﬁrel ol e enous carrier with one or nore additives including

an additive as rPHE’pPPP‘iSt arg4seful indermfatingylrination oilwher eby t he
concent r atcg aﬂ.ahélﬁa\fnﬁ@ahﬁaﬁced%ﬁe@ﬁrgm ep?rrcﬁémedu%hha%nésan%: Sarp based on

the wei ght of the concentrate of the additi ve. i ncl uded,
inafiftPreRE5ERS is use of an additive as defined in the flrst aspect of
the invention for enhancing one or nore lubricating properties of a

| ubricating oil conposition. Preferred conpounds have a thi ocubane
core, and are dn atsecondaspech th wehthdD is arrhsShed fo}'pfepanhglambrﬂpouad@sm xtures

th f t

| ndepende oot B e HEREASER i oyerinn i hlen neaa e el cort, WO | mg

corrpounds me;thmd;cwmpmm refacctg\g a‘2 monv-1 di- or §i- m@jbﬂea@lﬁ)sﬁrdepa Q?U»%@Cbé @taid54i n the
om2 to s in the range from 0

Pr eferred%?'ﬁer Fﬁﬁ'aﬂgm "5%3 8%9{?3?55@%?%5 9IRS hayid mefiEmMy i foemsaid cor es

have the kcompoled.Cu Mo[err]S[err] and CuMo[err] S[err]. The conpounds are

oi | -sol ubl e or dispersible. The | ubricant conpositions of this
i nventi on denonstrate enhanced |ubricating properties, particularly

antiwear and f rihetgredert feRlidHaIBS Bi%%rdeh%?? trgﬂadas%& 5 MBRdd Qf'iﬁbu‘%atnhg"t her
additives used in formnulating conmerci al ricati hg conposi tions.
mechanical engine components particularly an internal combustion engine by adding
an oil of lubricating viscosity containing at least one compound as defined in the first

aspect of the invention and operating the engine.

Also included, in a fourth aspect, is an additive concentrate for blending with
lubricating oils, comprising an oleagenous carrier with one or more additives
including an additive as defined in the first aspect of the invention, whereby the
concentrate contains from 1 to 80 weight percent, such as 1 to 50 based on the
weight of the concentrate of the additive.

Further included, in a fifth aspect, is use of an additive as defined in the first
aspect of the invention for enhancing one or more lubricating properties of a

lubricating oil composition.

Preferred compounds have a thiocubane core, and are of the formula
M., Mo,S,L,Q,, and mixtures thereof, wherein M represents Co, Cr, Cu, Ni, Mn, W, Zn
or Fe, L represents independently selected ligands, Q represents neutral electron

donating compounds, y is in the range from 1 to 3 preferably 2 to 3, and n is in the
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DETAI LED DESCRI PTI ON OF THE | NVENEH- ?Eﬁ OF LUBRI CATI NG VI SCCsI TY
The lubricant conpositions of t‘héH}ﬁr it HARBERY| bn I nclude a maj or anount
of oil of lubricating viscosi tyL Thi 8ERLACERY he kel ected from 98 l3b| e,
ani mal , . mMWeP8R6@P synthetic ol € oITS may range in vi §’§J§¥P§y’7

| i ght d| stillate mneral oils to heavy lubricating oils such as gas engi ne

oi I, m nerggd Wérhi LRtd Bd 2id in thérmngre febﬁho ?d 8 Qirbfen%admbaﬁyahedé&as di esel
oil. The oil's may be unrefined, refined re-refined. In general, the

vi scosity centaerh(%uanﬁ Mp pnd thengere mrefﬂr@d@ﬁ[e@rhqveé'p@fqrqnu{aocw%ﬁa pedr]s and
especi al | ysijmo tshem@eegaeﬁn& mch%roubﬁe[@r&ﬁé?ewuéo mm [err]s[err] at

100[err] C [err m nor anount of the conpound
shoul d be an effective amount to produce the enhanced |ubricating

per f or mance, properties in
the oil. The Iubh?el I@Qﬁ?&nﬁéo%éb&{lén%nstlﬁa}hgeﬁt&naﬁegﬁgﬁstra %’#Hg%gk d t he conpounds
cont ai ni ng;ttﬂcamhmpmpertﬁsabémculaw ammk and frmﬂomedﬁc:ﬁgmopgmes, andli srel osed

h the | t h i t d/ f
any- |t cPRmBPIPEn e Eanc PR Bre MAbreleita Ayl ePRRE | Of the

m xture. compositions. In the conpounds of the formula
Merr]MJerr]S[err]L[err]Qerr], and m xtures thereof, defined above, Mis
preferably Cu; L preferably represent independently selected,

3- [oF- ds havi ng organo, preferabl
hydrocarbQET/Npéﬁ'ﬁég&tﬁyIr R's MM@& of ca?bongatomspto rende)r/ t he

conpound

o OIL OF LUBRICATING VISCOSITY

The lubricant compositions of the present invention include a major
amount of oil of lubricating viscosity. This oil may be selected from vegetable,
animal, mineral or synthetic cils. The oils may range in viscosity from light distillate
mineral oils to heavy lubricating oils such as gas engine.oil, mineral lubricating oil,
motor vehicle oil, and heavy duty diesel oi'l. The oils may be unrefined, refined and
re-refined. In general, the viscosity of the oil will range from 2 centistokes to 30
centistokes and especially in the range of 5 centistokes to 20 centistokes at 100°C.
s COMPOUND

The minor amount of the compound should be an effective amount to
produce the enhanced lubricating performance, particularly friction reducing and/or
antiwear properties in the oil. The lubricant compaositions may include a mixture of
the compounds containing the heterometallic tetranuclear cores of the types
disclosed hergin, the lubricating oil and/or any other additives per se, and/or of any

intermediates and reaction products occurring as a result of the mixture.

in the compounds of the formula M,,Mo,S,L,Q,, and mixtures thereof,

defined above, M is preferably Cu; L preferably represent independentiy selected,
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sol ubl e 'or dispersible in the oil; and Q preferably represents water,

am nes, al cohols, phosphines, and ethers. For exanple, when the conpound
is a dicopper- dinol ybdenum sul fur conplex, Mis Cu, y is 2, nis 4 and z
is 2 and,- WRENYHE2 compound is a nonocopper trinol ybdenum suPETEPEHON3SING,

Mis'Cu, yis 3 nis5 and z ranges fromO to 1. The |igands, or
ligands L, may be independently selected fromthe group of: [err]

or . pre era[tgy fpnoanionic, ligands having organo, preferably hydrocarbyl, groups with a
-4-

ggﬁ%?ent number of carbon atoms to render the compound
soluble or dispersible in the oil; and Q preferably represents water, amines, alcohols,
phosphines, and ethers. For example, when the compound is a dicopper-
dimolybdenum sulfur complex, M is Cu, y is 2, nis 4 and z is 2 and, when the
compound is a monocopper trimolybdenum sulfur compound, Mis Cu, yis 3, nis 5

and z ranges from 0 to 1.

The ligands, or ligands L, may be independently selected from the group of:

—X—R,

X1

or
X 0—R,

% 0



and ni Xtures thereof, wherein X, X[err] X'eul_,__and Y are independently
selected fromthe group of oxy Ll drs -—a,nd wherein Rerr], Rerr],

and R are i ndependently sel ect ‘f‘r 1] oup onS| sting n and
or gano, - gV 603at may be theqf i@ﬂ &'}A%éﬂ ' Prefer ab?@rr#égéﬁgg
groups are hydrocarbyl groups such as al kyl, (e.g., I n which the carbon
atom attached to the remainder of the ligand is primry, secondary,
tertiary) amdythixtugedttiaréof] @Hem@iryX, XK, caritEY ags independdntly spieefedfedvh Yhe al |

| igands are the sane. Inportantly, the organo groups of the |ligands have a
suf fi ci entgrouprbEoxygenaadisoliuaaodsvhecein 8dRs, anddR sreripdepehdsoliyusdlected
dispersible in the oil. The conpound's oil solubility or dispersibility
may be i nfffamHeegronp opn@stlnﬂﬁftryﬂrqgen@mdmmam,mﬂ@unsdhailmav pgiheisame®rt he
conpounds in the rpresent i nvention, the total nunber of carbon atons
present ar?dffﬁjeﬁ‘i | Prgferably thg g&ﬁB°QF%{Pﬁsar6f‘Y9W§arbdbﬂ'ﬁHBﬁﬂ§ch 23 ke Gy cal I y
will be at t 21, such 1 to 800 suc 25, at |east 30,

or at | eadigEiasatbart Ao Afackients tharesie LAY 'mnﬁa%;vm{yf Freqndap

Tt A i 9 Bl M AREL R BB R
e L ARSI bl e D Al s

di al kyl di ¢
311 ) b R4 o0l HBAABA Ba . Tho

di al kyl t hickpipeopbetsisonigy of dlspé}gﬁmtyihay bk lichueRtad By i Mirfbérsof EBfdN

preferred. Organi c l'igands containing at |east two of the
above funcitomsan tHe igandar i the Sompapadd i thé phasedt ingeitivnathel tett humber of t he
cores and serving as ligands. The ligands may be nultidentate. Wt hout

wi shi ng t cabsorbatond grgsentantdmgathof the organo lyedupswefthe barhpauredsbligamds e cor es
may be bound or interconnected by neans of at |east one nultidentate

| i gand. THygpicallyowill best iaast Shswichiasat taast 2olcattieass 3Di gratdeash 3§ Prgferablyi pl e
connectlons to one core. Such structures fall within the scope of this

i nvent i on.thefigand %‘PH"F‘P ebpsen hase stfficiont\numbeat of Arrben atares Wﬁﬁﬁ?"@ﬁ of the

OO e R oh Bl iPeribic IS P3G 5nE RBRBBY SRS 0SS
in each alkyl group will generally range between about | to 100, preferably | to 40 and
more preferably between 3 to 20. Preferred ligands include dialkyldithiophosphate
("ddp"), xanthates, thioxanthates, and dialkyldithiocarbamate ("dtc"), and of these

dialkyldithiocarbamate is more preferred.

Organic ligands containing at least two of the above functionalities are
also capable of binding to at least one of the cores and serving as ligands. The
ligands may be muitidentate. Without wishing to be bound by any theory, it is
believed that one or more cores may be bound or interconnected by means of at
least one multidentate ligand. This includes the case of a multidentate ligand having
multiple connections to one core. Such structures fall within the scope of this
invention. Those skilled in the art will recognize that formation of the compounds
requires selection of ligands having the appropriate charges to balance the core's

charge.
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- 5- ' The term "hydrocarbyl" denotes a
substituent having carbon atons directly attached to the remai nder of
the ligand and is predom nantly hydrocarbyl in character within the
cont ext . oW® B#/260hvent i on. Such substituents include the foRCHEEIFO713S

(1) hydrocarbon substituents, that is, aliphatic (for exanple al kyl or

al kenyl), alicyclic (for exanple cycloal kyl or cycl oal kenyl)
substituents, aromati c- Theltémphhydeocanbyl” denotesab sulystituent bbeng tarbed atorosrat i c
nuclei and the |ike, as well as cyclic substituents wherein the ring
i s conpl et ed direcii@itashast todhe pemaindar of thetigand gachis frederningstly hidyocapey! in

I ndi cat ed substituents may together forman alicyclic group);

, (2)
substitut ed hSABEEF wWihn the contextinfithis iaangon.t Beh supstitugptsdnelide meafpmgwir)lg:

- hyd b which, in th t, f this i i on, do
nor o br bl raB b5l e b s el of b SRvefir,
copoct oty chirreibie plah oR el il cadbtes afite el o

it , it : : e £l : (T
Cubst tuent o Siselisubatieh Bomafit fudei dntlnd ke I (et Nisstiuehillwidrein

wi thin the copk§iy i®tompieted t'?lﬁ&JHH %th&%r@r&rpoﬂ?@ T@arﬁ% @‘?a;t‘g% %@9 two indicafedf DON

present in a chalin or ring otherw se conposed of car

Conpounds haviulgtitdeats maytdgatidresi Nﬂ_aﬂéﬁdﬁ@bﬂﬂp}tﬂ(b?édﬂs@ﬁéd fydiS&irbdn as
e

additives in the present invention are believed to have at |east one
cubane, pref esulistifuehty, treat i tiose contaisingaoafhydhafnrgrbapsWvisich, |iMBecconiditer r |
surrounded by ligand, wherein M y and k, L[err], and Qerr], are as

previ ousl y deéfithisdnventien,cdthaotalteo thesprademirantiy hydroearbplycharastartaf thet ur es:

Lerr] substituent. Those skilled in the art will be aware of suitable groups (e.g., halo,
espec_ially chloro and fluoro, amino, alkoxyl, mercapto, aikylmercapto, nitro, nitroso,
sulfoxy, etc.); (3) hetero substituents, that is, substituents which, while predominantly
hydrocarbon in character within the context of thi:.-; invention, contain atoms other than

carbon present in a chain or ring otherwise composed of carbon atoms,

Compounds having the formula M., Mo,S,L,Q;, useful as additives in
the present invention are believed to have at least one cubane, preferably thiocubane
core of the formula M,,Mo,S, surrounded by ligand, wherein M, y and k, L, and Q,

are as previously defined. The cubane cores are illustrated by the structures:

A
S-——I——M

/S—— —7M
Mo S )
A
S-—I——M

/S—— 7Mo

Mo S -6-



or [err] wherein Mis selected fromthe netals described

previ ously. Wien Mis Cu the preferred cores are illustrated by the
followi ng structures: [err] for the QJ[err]Nb[err]SEPerr iS5 and
[err] . WO he Cu Mb[err]S[err] core. Er"FfJJOPL?

useful as additives in the present invention can be prepared generally as
fol | ows: -7-

/I\‘Iio /S
S—'—i—-‘M

/S'—" 7Mo
Mo S

wherein M is selected from the metals described previously.

When M is Cu the preferred cores are illustrated by the following
structures:

/

/

for the Cu,Mo,S, core; and

Mo S

Mo

Mo —s

for the Cu Mo,S, core.

The compounds useful as additives in the present invention can be

prepared generally as follows:



QG | -solubl e or dispersible tetranucl ear thiocubane conpounds can be
prepared by reacting a nol ybdenum source with a source of a non-nol ybdenum
netal ("M as defined above) conponent(s), for exanple, in suitable

| i qui d(s) /woloseetizés); if desired, additional |igands can bBCTHEIUWAIS i n

t he reaction or added once an initial conplex is formed. For exanple,
tetranucl ear thi ocubane conpounds wth three nol ybdenum atons may be

synt hesi zedj RyiubRASHdisHerabib tetriHUcRAF trf%ggﬁeﬁm SUNAS ¢8n D Prefred by

Mo[err]S[err] (dtc)[err] with a nonnp tal ("M wherein s as

descri bed a6 a nmohbdeAumioliraswitiiSsolreé bPREnmolfbdeans metap"Mt 4§ on Wi th

a ligand such as a thiolate. Simlarly, a tetranuclear thiocubane

conmpounds définedtabovejodonimbment(s)a farexaimple, besuitaple tigaid(s)/edivent(s)cibdesiregl, a
di nucl ear nol ybdenum source such as Mo[err] S[err](dtc)[err] with a

non- nol ybdaddifonabligandé'ciat badncledart in hierireabiinnegr axided oacs au initiad c@m@lexfis| | owed
by ligand substitution with a |ligand such as a carboxyl ate. Tetranucl ear

t hi ocubaneformedpbaneranple tetiarudgsriitoeubane sompowrds with thiaa melybdenumy
reacting a_  nol ybdenum source such as Mo(Q0)[err] with a nonnol ybdenum
netal ("Matgms %@%E? syahesizrs kY ’e?GUﬁ‘Q:%t'ﬁ\?éﬁaé@°|v%’€?ﬁ‘1'%ﬁ%‘1"ﬁ’? gHER®$err] and a

0 O b e SR o B ) o
s Bl W S R
CompOS! . BTl AR L SR o B P A

het er onet j g i O , such
e B o et WAL o AALGe Ao BriP e EPakH MoLBIGPUINY | °1

pr ef er abl yndmiofybABRUMMRETl (M} abaBesHen abbi) WBLER susk a¢ CRC fdRbieabyNg

conposition. For exanple, with the copper nol ybdenum sul fur-contal ning
conpounds, ligane sabsttottemwith ailigandibudhcart a carboydaté oTepauelean thibubaren at
concentrations of Cu fromthe heteronetallic

compounds with one molybdenum atom may be synthesized by reacting a

molybdenum source such as Mo(C0); with a nonmolybdenum metal ("M” as

described above) source such as M,;S,(dtc), and a ligand source such as thiuram

disulfide. Suitable liguid(s)/solvent(s) may be, e.g., aqueous or organic.

In general, the compounds can be purified by well known techniques

such as chromatography; however, it may not be necessary to purify the compounds.

The lubricating compositions contain minor effective amounts, preferably ranging
from 1 ppm to 2000 ppm molybdenum from the compounds containing the
heterometallic tetranuclear core (of the types described previously), such as 5 to
1000, preferably 20 to 1000, more preferably 5 to 750 ppm, most preferably 10 to 300
ppm, all based on the weight of the lubricating composition. For example, with the
copber molybdenum sulfur-containing compounds, the enhancement in lubricating
performance can be seen at concentrations of Cu from the heterometallic
tetranuclear core-containing compounds (of the types described previously) of at

least | ppm to 1000 ppm, preferably | to 200 ppm. Within the above ranges one

-8-



t etranu€l ear core-containing c =ypes descri bed previously)
of at least | ppmto 1000 ppmi pueferebt A BE6?~12@0 ppm Wthin the above
ranges one 96A016 skill ee'(l i n t REPAACEDaN seliect the parti :

conbi nat.i oW 2$MAnt s desired Wﬁﬁ?zﬁﬁﬁéncemnt i ﬁéﬁ*}%"b?gncy
and-lubricating properties (friction reduction and/or anti-wear), desired
for the particular application. The selection wthin these ranges may be
acconpl i shskilledoindip¢ articaa skiect thelpanicathr zombinaticia btymolnts desiced toqutaducey or
anti-wear performance or all three. These benefits can be
achi eved i thetenh@pcerpkntds antioxidarey fant llybricetingprapenties (fiictiani regucti@gsand/oral | y or
substantial |l y phosphorous free and/or sulfur_free oils also may be treated.
A | ubri cat aRtyweanpdesitedder tha particylas gpelicatien.| YThe selectiontwiihin these ranaes of
phosphor us and/ or sulk r i.s one.in which the ampunt of phosphqorus and/or
sul fur is W& oppligheddo optimize et gnhaneed Antioxidangy drigiondedycing, gf aktirt i ng
Vi scosity. | ‘I;he | ubricating oil conpositions of the present

i nvention Wﬁ?’%%’%?‘@ﬁ&%ﬁab‘y'%%nbi ning a major amount of an oil of

| ubricating viscosity and an effective mnor anmpunt of compounds cont ai ni ng
the heteronetal lic tetranuclear cores which are described nore specifically

above. This preparat wﬂg?%ﬁ?ﬁ g@pg%rgnéﬁlég%qn {Bésésqsgﬁ%s'\gelf gr']ge%,ﬁgﬁpl ex

directly with the oil I ning e conplex | uitabl e

carrier fl tyrflulefecrRibt @UE Eéée_niﬁ@il}@ édb&ﬁénﬁéllycﬁh%gﬁﬁgbﬁg fréd XMGIBP%IfLJ?ﬂ‘%Er‘g the

m xture to the lubricating oil. ncentrates

conpounds &ifs #ls6 Higyald teeatbd a8 QHIEStInddEShEISRIDNth A0S ESsEmtifg or stBktanBalyPr OVi de
a conveni ent nmeans of handling the conpounds before their use. G| s "of

| ubri cat i nfyee bfplussphyrussandlorasiftrtio sae thewhich tedambavtaf phssphelds #sd/ed | phat i c,
napht heni ¢, and aromati c hydrocarbons are exanples of suitable carrier

f 1 ui ds f or sulfvg icoetaecrertbareis.intiérestly wreserd in basecsilsrofiyubcioatingi visdosity 90 wei ght
percent of the conmpound based on the wei ght of concentrate, such as 1 to
50; preferred is | to 70 weight percent, nore preferably, 20 to 70 wei ght
percent. O they may %ont aijn from1l to 200,000 ppm by wei ght, for exanple
50 to 150, 000 such adnsdHarigatinghoibeamerasitiens phtherirsest Myantitumay be of this

I_ gYe“t 'on. pl%%gree% i:(:)yncotm emiwsla%]gjop men of an oi Q)tf Fu%trigéting viscosity and an

effective minor amount of compounds containing the heterometallic tetranuclear
cores which are described more specifically above. This preparation may be
accomplished by admixing the complex directly with the oil or by first combining the
complex in a suitable carrier fluid to achieve oil solubility or dispersibility, then adding

the mixture to the lubricating oil.

Concentrates of the compounds in a suitable oleagenous, preferably
hydrocarbon, carrier provide a convenient means of handling the compounds before
their use. Oils of lubricating viscosity, such as those described above, as well as
aliphatic, naphthenic, and aromatic hydrocarbons are examples of suitable carrier
fluids for the concentrates. These concentrates may contain | to 90 weight percent of
the compound based on the weight of concentrate, such as 1 to 50; preferred is | to

70 weight percent, more preferably, 20 to 70 weight percent.
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The | ubricating oil conpositions made by conbining an oil of |ubricating
viscosity herein-and at | east one conpound containing a heteronetallic
tetranucl ear, preferably cubane, core of the types and in the anounts
descri bed wWerssiz6020my be used to |ubricate mechani cal engi ne REFBRTORLS
particularly an internal conbustion engine by adding the |ubricating oil
conposition thereto. The terns "oil-sol uble" or

" di spersibl e” used hemmb hifleatiloif @R%MAbh hadeW}l datitinhah diftg conpounds

or additives are soluble, dissolvable, mscible, "or capable of being
suspended i mibfiE4tingiviscosityhdreinraPait daeNene doApSuritdcdaininglohetemetallibat t hey
are, for instance, soluble or stably dispersible in oil to an extent

suf ficient tetranedlear ptdferablyicabane] edrecdfitiae types ahbidn thevamounmte iescnibedhi ch t he

oil is enployed. Mreover, the additional incorporation of other additives
may al so peheriein may be peeditol lubricste meghanicallepgimesopfpoaepts: padiguiarly addi ti ve,
I f desired. Advant ageous| y, the_use of a conmpound

cont ai ni ng inkINACoRTbYREANEgNgine by addiag the lklricatipg el campgsitien thaseto n t he
present invention, may decrease the need for the use of separate netal,
e.g., copper and nol ybdenum additives, thus providing an opportunity to
decrease attendant bl epding and rel afed,costs., , . Kno

| ubricant additives ngﬁe kﬁrg’ﬁ Bg'sﬂ‘gb@ Pﬁp?%eéﬂta‘?nbsq%h?rﬁ@ dq r&%trqeggﬁstMy
conposi tiong of  th] S i jon. T incl far | tho

cont ai ni ng ﬁ‘gﬁggep‘ﬁéftgérs&}%&gg;@%r%ragr@?’eﬁ3?%%%‘2‘?\'?3&%&%&@5@%8&%’ §rF m xed

metal , pour Cé)%tb% f EEGHY ﬁ&géﬁée% d;ln}ﬂ:\é 6P él%’méﬂ%’iﬁ?ﬁfs‘?rfheé’ﬁd kA ver,

o
surfactants, er frrction no ers, I wear agents. These can be

conbi ned i NtHAK fHeQ'akd, IBSINKBAYE) sbitibld & sMiBly dispersible inl dil tdidn exiént SfiRieTit & d
that the various conponents of the conposition, the essential conponents as

wel | as t heegdtt thefratended affest iDTRS EndfsHpMEE IH WhicHEhe bieR@Emplows]. Mbeeover,
conditions of formulation, storage, or use, and that the invention al so

provi des t hthepadditionsl inddrporatidr ef athercdudditives thaysSalso pesit hcofpoeationsai bigher
reaction .
levels of a particular additive, if desired.

Advantageously, the use of a compound containing the heterometallic
tetranuclear cores as described in the present invention, may decrease the need for
the use of separate metal, e.g., copper and molybdenum additives, thus providing an

opportunity to decrease attendant blending and related costs.

Known lubricant additives may also be used for blending in the
lubricant compositions of this invention. These include, for example, those containing
phosphorous, dispersants, detergents, e.g., single or mixed metal, pour point
depressants, viscosity improvers, antioxidants, surfactants, other friction modifiers,

and antiwear agents. These can be combined in proportions known in the art.

It will be understood that the various components of the composition, the
essential components as well as the optional and customary components, may react
under the conditions of formulation, storage, or use, and that the invention also

provides the product obtainable or obtained as a result of any such reaction .

-10-



-10- ’ EXAMPLES The invention wll be nore fully
understood by reference to the follow ng exanples illustrating various
nodi fications of the invention which should not be construegc_gﬁl,y ' g’ng
t he scope VRSBEH2? As used herein "coco" i al’lﬁyf
chain or m xtures of chains of varying even nunbers of carbon atons,
typically of fromC8 to C18. The procedures and equi pnent
used for thagaAhPlees Bl ock-On-Ring tests herein were simlar to those used
i n ASTM G77-83 (Ranki ng Resistance of Materials to Sliding War Using

Bl ock- On- Ri ng Wear Test). Exanpl e 1: Synthesis of

Cu[err] Mo[ err] S er r] (ThedmshtiohHilt bé aioré (g dmapistdodbyeieterbrde fo the

Copper (I') chloride (0.2 g, 2 mmol) and M[err] S[err](coco[err]dtc)[err]
(1.2 g, | folfowingvexaenples ilestratingaetarieus modiicationk of thelinventionfwiich Shaudd et hane
and met hanol (total volune, 50 nlL) and stirred at roomtenperature for

ei ght hour be consteussasolimiting the seepg2benedf of pot assi um dodecyl t hiol ate
(0.51 g, 2 mmol) was then added to the copper- nol ybdenum cont ai ni ng

sol ution. Additional dichloronmethane (50 nm.) was added to the flask and
the solution was stirred for 24 hours. The dichl oropet hane was d| stilled
and the net hanol decd#'éed hﬂ’i%’”t Ve Y] '%‘Eé“‘y%ﬂhaﬁioﬁm@t%ﬁi?fcﬁﬂaéﬂs?IY@"W“P%SK
was dissolved in, pentan | tered r vacuumto yield

Cu[ er r] Mo[ &¥% @["Bpgﬁs@fc‘f@ @rqt?'a‘ﬁcﬁyf’@P of f(%g;%ct?r}?ﬁ olate)[err]. Exanpl e
2: Synthesis Of Culerr]Mo[err] S[err] (cocoZdt c)2(ol eate)2

The procedures and equipment used for the Falex Block-On-Ring
tests herein were similar to those used in ASTM G77-83 (Rankmg Resnstance of

Materials to Sliding Wear Using Block-On-Ring Wear Test).

Example 1: Synthesis of CuMo0,S,(coco,dtc),(dodecyithiolate),

Copper (I) chloride (0.2 g, 2 mmol) and Mo,S,(coco,dtc), (1.2 g, | mmol) were
mixed together in a 1: 1 solution of dichloromethane and methanol (total volume, 50
mL) and stirred at room temperature for eight hours. A methanol solution (25 mL) of
potassium dodecylthiolate (0.51 g, 2 mmol) was then added to the copper-
molybdenum containing solution. Additional dichloromethane (50 mL) was added to
the flask and the solution was stirred for 24 hours. The dichloromethane was distilled
and the-methanol decanted. The tarry material at the bottom of the flask was
dissolved in pentane, filtered, and dried under vacuum to yield Cu,Mo,S,(coco.dtc),

(dodecyithiolate),.

Example 2: Synthesis Of CuMo,S,(coco.dtc).(oleate)2

Copper (1) chloride (0.2 g, 2 mmol) and Mo,S,(coco,dic), (1.2 g, | mmol) were
mixed together in a 1:1 solution of dichloromethane and methanol (total volume, 50
mL) and stirred at room temperature for eight hours. A methanol solution (25 mL) of

potassium oleate (0.67 g, 2 mmol) was then added to the copper- molybdenum

-11-



Copper (1) chloride (0.2 g, 2 nmmml) and" I\/bferr] S[err](coco[err]dtc)[err]
(2.2 g, I mol) were mxedTItxme&hgsr I sol ution of dichl oronethane
and net hanol (total vol une, red, at roomtenperature for

ei ght houM&O 98R6028 hanol sol u mw pot assi um ol eaPETEPIFITIYS 2
mmol ) was then added to the c enum 96A016  cont ai ni ng

sol ution. Additional dichl ororret hane (50 nL) was added to the flask and
the sol ut tgainmg solutiohe AddfionarticHidromettigi GOGRL)WATEIJRAING th@flagki &id | | ed
and the nethanol decanted. The tarry materi al at the bottom of the flask
was di ssotheesblution visndtined fof 24 heuwred Thaithisrbp@ttandaras/distiletand tiye el d
Cu[err]Mo[err]S[err](coco[err]dtc)[err](oleate)[err]. Exanpl e 3:

Synt hesi s methamw@mtqmmmy [neatefdialtat }Hechotidnol ofithe\flask wak alisspived in

Copper (1) chloride (O. g, | mmol) and MJferr]Serr](octyl[err]dtc)[err]
(1.68 g, Ppentane,fiterask enddde@lundﬁrt\@puuhyq yisidCusM@,STlapcy.dick(oleate).. stirred at
roomtenperature for 24 hours, and the reaction was filtered. A nethanol
solution (10 m) of potassi um dodecylthiolate (0.25 g, | mml) was then
added to b ....The conbi ned solution was stirred
for ei ght=ht ' Sl led, the tar redissolved in

pentane, | Lhe 2 ?eﬁé?*’ﬁ%“ 'i t@) ‘ P%m@ﬁi%‘gfrcge'ﬁé#) (Feel Hr

ag:)gr%i( fy&%&&%&k%ﬁéﬁy&&&&%'({ﬁ-ﬁ "} ?éabgﬁlf/bs[!'}rgg%gfer r }é(}hd&ét Qﬁhfée\;orr ]zéd p)[err]
(1.83 g, houma th\éﬁ'ﬁsct%ﬂ% ﬁlféréWFA?nri{?t 2hot aoﬁtkb%t haE} off M{Qsﬁlﬁ'ﬁper ature

for 24 hours, e reaction was nol ution (10 m)

of potas suwadwﬁte@yé fdne% atrimol) Wad%hén aHdéHf!b' the \¥@ppériablyBasiReh figratehe
tr

copper - nol ybdenum fi ate. The conbined solution was stirred for eight

hours, af The cofbiedisottibiivasatirred Soridighe thoutd aftepwhich ¢ith THEMesdistilegent ane,
the sol ution filtered, and the pentane distilled to yield
CuMb[ er r ] thiegtar tediasbiviefi ér péntdng, [tee sdi(tiadfiteréd,anal the @entane distilled to yield

CuMo,S,(octyl,dtc),(thiolate).

Example 4: Synthesis CuMo.S (octyl,ddp),(thiclate)

Copper (I) chloride (0. 1 g, | mmol) and Mo,S,(octyl,ddp), (1.83 g, |
mmotl) were added to THF (50 mL), stirred at room temperature for 24 hours, and the
reaction was filtered. A methanol solution (10 mL) of potassium dodecylthiolate (0.25
g, | mmol) was then added to the copper-molybdenum filtrate. The combined solution
was stirred for eight hours, after which the THF was distilled, the tar redissolved in
pentane, the solution filtered, and the pentane distilled to yield

CuMo,S,(octyl,ddp),(thiolate).

In Examples 5 to 8 the compounds in the invention were evaluated for

friction and wear performance in a Falex Block-On-Ring test procedure. The data
were acquired at a speed of 420 rpm (44 radians/sec), 220 Ib. (100 kg), and a

temperature of 100°C for 2h. In Exampies 5 -9 the samples tested consisted of

-12-



In Ekaf‘rpl es 5 to 8 the conpounds [Fr=FRe-Thventr o vwer e eval uated for
friction and wear perfornance in jpTH& %%ﬁ‘—:p(é&%‘c‘%@?hhg test procedure. The
dat ' t d of {420 di_ang? , 2
(o) and PPIHBETE, 5 o of "T00C T o oR R
-12° - 96A016 In Exanples 5 -9 the sanples tested
consi sted of Solvent 150 Neutral (S150N)_ lubricating oil, 1% zinc
di-al kyl di t BMPEFRIYER{100(C fa5@Eb: )In Exampiass Aifeisamplesiastadrensistad @f ni ng 500
lyb tal  wei ght of the. | ubrjcati il Fricti

U5 150 s B F o bRl oA

I o . t. ted included.th I
Vol te. " ot e OBV opPBilich o nd 3B pR5T melEeRfin hatgn o 3hr 18 o
"Last Coefai r L Ct ; [ .!f'cl?#s N H t ai ned
E)verst he S‘L %ﬂtr&? fi%wﬁ%ﬁg@eﬁlgEf-‘cg{cﬂ%rgéégé???l%@tgia‘é%?é oe i%ﬁcg? u%&é%g{ ri l:t I on

coef i Ci enjaigehid tHef/dratfe vl S i ettfE 2l otirs. PBIatfépBRE iHfudeuahage

friction coefficient provides information on the activity of the added
material, blogk wesrcstal ¢6luinBaeabiirall by PAsTISMBRY | tBY chili of tds? frictio R icbbficRAt S
faster are considered to contain nore active, friction-reducing conpounds.
Exanpl e 9 (Gt Caet),iand)the average friction coéffitieAD(TAGd.aCioer) pbtajmedaser tHee2 Fal ex

Bl ock- On- Ri ng was conduct ed using only Solvent 150 Neutral (S150N) and 1%
ZDDP. The hasgtédts Theendlobtast frictidimboeffidient is TiBififictionSbsidient déteribibed-at

Addi tive (at 500 ppm Mo) = Test Addi tive

Wear Vol . theleadof thectest pesipd anddbe arerage friction coefficient provides information on
(10[err] err]). Ex. 5 L . o

Cu[ err] Mp[ FPFg[‘%’rqf]“Q%BQQﬁde’F'?‘Fdﬁ'e)-?eﬁ?'}"?@éd’é%tﬁﬂ@n theag)elowdrigtipn 0. 042

0.051 BX. & ercorVhelrlhoersl Serr L cacolerrldreblerr] (ol gate) ferr]

CuMo[ err] Ség%ﬁdu‘x%t yl[err]dtc)[err] (dodecylthiol ate) 1.65 0. 044
0. 055 Ex. Mo[err]S[err](octyl[err]ddp)[err](dodecylthiolate) 2.37
0. 053 0.074 Ex. 9 None 1.06

0.111 E ?11 5?— ;” In Exanples 10 to 12 the conpounds were
eval uat ed xamele $ (Comparative ar performance in a Falex Bl ock-On-Ring test
procedure. The data pgf&nipdraiva&iirposes, the Falex Block-On-Ring was conducted

using only Solvent 150 Neutral (S150N) and 1% ZDDP. The results are shown in
Table 1.

TABLE |

SISON + 1% ZDDP + Additive (at 500 ppm Mo)

Test Run Additive Wear Vol.  Last Coef Avg. Coef
(102mm?)

Ex. 5 Cu,Mo,S,(coco,dtc),(dodecylthiol), 0.85 0.042 0.051

Ex. 6 Cu,Mo,S,(coco,dtc),(oleate)2 0.84 0.035 0.046

Ex. 7 CuMo,S,(octyl,dtc)(dodecylthiol)  1.65 0.044 0.055

Ex 8. CuMo,S,(octyl,ddp),(dodecyithiol) 2.37 0.053 0.074

Ex. 9 None 1.06 0.111 0.112

in Examples 10 to 12 the compounds were evaluated for friction and

wear performance in a Falex Block-On-Ring test procedure. The data were obtained

This Sheet Has Been Repla
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- 13, - at a speed of 4. i ans/sec), 220 I'b. (100 kg),
and a tenperature of 100 effrHi€ SrmeT2akns BRE lanpl es 10-13 the sanpl es
tested consisted of 10WB0 flul |y Rerhit&®ed noior oil, conbined with the
addi ti ve omopsmswds cont ai nlanergt—see-—?ﬁﬁmrrﬁrybdenum based on t RETEBSHITINE] ght
of the lubricating oil. Exangl e 13 (Conparati ve) For conparative
pur poses, the Fal ex Bl ock-On-Ri ng test was conducted using a 10WBO fully

formul ate .
TABLE 1| | % %%R%%iefa\%qu ﬁﬁs(e{sﬁ(%g{ahélséé)gggn@%ddkﬁgag{oea{ derature of 100°C

Viear Vol . forl2f in ER@hplef\699 tHeRimpRbtested consisted of 10W30 fully formulated
(10[err]mrerr]) Ex. 10
gmg g 2 r] l\/b[nmgm]o &, eréuxhb(mw{rﬂhé ladtitivé esrmpoulridaenytaining500 ppd mélyienum

Cu[ err ] Mobased @mqmmmrﬁbflrﬂtlabrioatmg oibl eate)[err] 0.76

0. 035 0. 041 Ex.

QJl\/b[err]S[err](octyI[err]dtc)[err](dodecylth|oIate) 1.76 0. 029
0. 038 Ex. Example\b® Comparative) 2.86

0. 132 0. 130

For comparative purposes, the Falex Block-On-Ring test was conducted

using a 10W30 fully formulated motor oil. The resuits are shown in Table II.

TABLE li
10W30 + Additives (at 500 ppm Mo)
Test Run Additive Wear Vol.  Last Coef Avg. Coef
(102me¥)

Ex. 10 Cu,Mo,S,(coco,dtc),(dodecylthiol), 0.91 0.034 0.042

Ex. 11 Cu,Mo,S(coco,dtc),(oleate)2 0.76 0.035 0.041

Ex. 12 CuMo,S(octyldtc),(dodecylthiol) 1.76 0.029 0.038

Ex. 13 None 2.86 0.132 0.130

Sheet Has Been Replaced
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- 121- " 96A016 CLAIMS 1. A lubricati ng .0i.l..conposi tion conprising, or
made by m xing, a major amount o:E.—.-—e-—'afr QIT .;trubri cating viscosity and,

as an addltlvei2 a mnor anount of at= Ibeaét on.e " conpound cont ai ni ﬁ% a
het er omet AVPi%828®Pr anucl ear core havi ng~1,-2-0r-3 - ol ybd&IMRIGAHS t he
ot her netal atoms being Co, C, CQui™N~, Nh W. Zn or Fe, and bonded

t hereto | C4AHIS capabl e of render| ng the corrpound oi | -sol ubl e or
oil-dispersible. 2. The conposition of claim1 wherein the core is a
cubane core, optionally .including S atons in a thiocubane core. 3. The

conposi ti on of Aanyricdting log# cpmgaeﬂcmgombﬁsuﬁ@ dﬁ/ﬁ%fdélb? rhiRge 8 MRE)oMatBotiaty €
the formula Me ']’Nﬁjo?(g}i%a[lerr err err], wherein Mrepresents Co,
Cu, Ni, M, W °Eﬁ Qf of lubgieating viscpsity §§ﬁﬂ§dﬂﬁﬂérﬁm@ﬁ@ml§épfe%&'§ast
i gands; Q baercemgahﬁd B&Hthihdg @ﬁ@éidn%lazﬁ@@%hmemHmﬁg 12093 Is in
the range from1l to nis inthe range from?2 ; In the

range from 0 t §olybdenimpatemsdhp other |n@ﬁfa|cﬁf0@|5§ﬁm§%€i§r6!,—hrf‘lt vin, NhS.erba i's
CuMo[err] S[err I ] r 1] wherein
L0 and 2 ar o Sorhad e ther@lq igery clhqid ) AR R e U T 3 or
claim 4 wher ei foluhle driojatinpersibje. | i gands L, are represented by at |east
one structure having the fornmula: [err]

- 15 -

2. The composition of claim 1 wherein the core is a cubane core, optionally

including S atoms in a thiocubane core.

3. The composition of any of the preceding claims wherein the
compounds have the formula M, ,Mo,S,L,Q, thereof, wherein M
represents Co, Cr, Cu, Ni, Mn, W, Zn or Fe;

L represents independently selected ligands;

Q represents neutral electron-donating compou.nds;

y is in the range from 1 to 3;

n is in the range from 2 to 6; and

z is in the range from 0 to 4.

4, The composition of claim 3 wherein the formula is Cu Mo,;S,L, or
Cu,Mo,S,LQ,
wherein L, Q and z are defined as in claim 3.

5. The composition of claim 3 or claim 4 wherein the ligands, or ligands L, are

represented by at least one structure having the formula:
—X—R,

X1

> This Sheet Has Been R
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[err] [err] or __wherein X——Xterr], Xerr] and Y are
oxygen or sul fur and wherein Rr—r&L. ﬁbaqaiaLaNd“R | ndependent |y
represent hydrogen atons or orpano gr@upe psuch as hydr ocar byl groups.
6. The cowpesiéizen of cl ai mib-wheretn=the=oFGano groups i nEEFEPIHATIRY
represent al kyl, aryl, substituted aryl, or ether groups. 7. The

conposi tion of cIa|n16 wWherein téeRDrgano groups are al kyl groups each
having from1 to 100, fox\exanp 1 to 40, such as 3 to 20, carbon

at ons. 8. The conposi (b any clains 5 to 7 wherein the total nunber
of carbon atons in | Irgandaz organo groups is at least 21, such as
21 to 800. 9. The conpositioh of any of the preceding clains
wherein the |igands are or L independently represents

di al kyl di t hi ophospat e, thi oxant hate, di al kyl phosphat e,

di al kyl di t hi ocarbamate, dial kylthi ophosphate, or xant hate |i gands.

10. The conpog tion of any preceding claimwherein the weight of Mo from
t he conpound(s) is at |east l.qpﬂl for exanple, 1 to 2000 ppm M such
as 5 to 1000 preferably 0 t 000, 'based on the weight of the

| ubricant oil conposrtron 11. The conposition of claim10
wherein the Mo is present ﬁ\qn ampunt of 5 to 750 ppm Mo based on

t he wei ght of the Iubrrcxf(ng or+—&anposi ti on. 12. The conposition of
any of clains 2 to 11 wherein the thiocubane core is

wherein X X,, X, and Y are oxygen or sulfur and wherein R}, R?, and R
independently represent hydrogen atoms or organo groups, such as

hydrocarby! groups.

6. The composition of claim § wherein the organo groups independently
represent alkyl, aryl, substituted aryl, or ether groups.

7. The composition of claim 6 wherein the organo groups are alkyl groups each

having from 1 to 100, for example 1 to 40, such as 3 to 20, carbon atoms.

8. The composrtion of any of claims 5 to 7 wherein the total number of carbon

atoms in all ligands’ organo groups is at least 21, such as 21 to 800.

9. The composition of any of the preceding claims wherein the ligands are or L
independently represents dialkyldithiophosphate, thioxanthate,
dialkytphosphate, dialkyldithiocarbamate, dialkyithiophosphate, or zanthate

ligands.

10. The composition of any preceding claim wherein the weight of Mo from the
compound(s) is at least 1 ppm, for example, 1 to 2000 ppm Mo such as 5 to
1000 preferably 20 to 1000, based on the weight of the lubricating oil
composition. - P
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represehted by the structure: J[err]

wherein Mis defined as in claim 3. 13. . The conposition of any
pr ecedi ng rther conprising one or nore di spers
det er gent swo?g??rd’%m nt depr essant S, viscosity nodifiers ?8’%@??7/07 ?asnt

anti wear aﬂqent and ant i oxi concentr at Srtfor

bl endi ng Vi'th all'%FIMBPSHUNT C&ao{'fnl Wg‘”&?@@c}g?w s prese"?'é’cﬁ?p‘?rl’%\"ﬁé’f °made by

m.Xi ng, an ol eqyOSBHH MAbidedlorithe vdighn ot tHeOuBK ARG il composifigin by wei ght,
for exanple 50 to 150, 000 such as 50 to 100, 000, of the

-17- nol ybdenum of am additive as defined in any of clainms 1
to 12, baged The cApddion'&tiih iof @laichd® 1& 9D aPBLdiRIHR thiocubane core is

represented by the structure:

A
S— l M
/S '—/—M
Mo S :
A
S———I——M
/S'——-—-—Mo
Mo S
/To /S
S—T—M
/S'-—'7Mo
Mo S

wherein M is defined as in claim 3.

13. The composition of any preceding claim further comprising one or more
dispersants, detergents, pour point depressants, viscosity modifiers

surfactants, antiwear agents and antioxidants.

14. An additive concentrate for blending with an oil of lubricating viscosity,
comprising or made by mixing, an oleaginous carrier and from 1 to 200,000
ppm by weight, for example 50 to 150,000 such as 50 to 100,000, of the

o



15. Ad additive concentrate Lor.——BL—eﬂm:ng:mffh’an oi |l of lubricating

Vi scosity
one or o
clainms 1
percent,

concentrate

o moePUR 1 g R e RN Sy A B SREREn d

conprisin

conpri si ng or; FREe:3hYI x~r~ng “an ol eagi nous carrier with
re addi tives I\"IC| udrﬁ:‘g%a‘@ﬁdduu}e as defined in any of

e

Wo 9st26029 wher eby=tre=e6ACeNt r at € cont ai ns fr ompPCTIEPIHO7I88I ght
such as 1 to 50, of additives based on the weight of the

i nt ernal

engi ne
h a

| ubri cating oi height of the@dpe&ntidten as cl ai med |n any of clains 1 to 13.
17. The use of an additive or additives as defined in any of clains 1 to
for enhancing one or nore |ubricating properties of a lubricating

12
oi |

1§0MP@AH dddRtive concentrate for blending with an oil of lubricating viscosity

-18-

comprising or made by mixing, an oleaginous carrier with one or more
additives including an additive as defined in any of claims 1 to 12, whereby
the concentrate contains from 1 to 90 weight percent, such as 1 to 50, of

additives based on the weight of the concentrate.

16. A method for lubricating an internal combustion engine comprising operating
the engine and lubricating the engine with a lubricating oil composition as
claimed in any of claims 1 to 13. |

17. The use of an additive or additives as defined in any of claims 1 to 12 for
enhancing one or more lubricating properties of a lubricating oil composition.

18. A method for preparing a compound as defined in claim 1, and which has a

thiocubane core, which method comprises reacting a mono-, di- or tri-
molybdenum source, a source of said other metal atoms, and a source of said

ligands to form said compound.
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