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SOLPUR. CoNENPHIRE CARBONATE REACTI ON PRODUCTS AS PCT/USISUERH CATI NG
§0 L ANTI WVEAR ADDI TI VES 5 BACKGROUND OF THE | NVENTI ON
1. Field . of Inventi §HLF¥B-C°NTAINING cmommmmow RROPRECTS aAs

sul fur-contai ni ng car beRBRAHEEAETE O 1000 afEiSe as anti wear
additives in lubricating oils, partl cuI arI y automatl C transm ssi on
fluids. 15 2. Description of Related Art Addi tives for
| ubricatingSoils perform an important role in tailoring a finished

fluid to neet 20 specific per f or mance criteri a set by equi pnent
manuf acturers. Typically, wearg : iIs controlled

by phosphor us- cont ai ni ng conpounas HOWEVeET, thnese conpounds may
adversely affect other characteristics desirous in | ubricating oils
such as 25 fricij on ggenioioranefretdi o | | cone-seal conpatibility.
Therefore, ;qunder certain circunstances, it my be advant ageous
to avoid ‘Use of phosphorus-containing conpounds. Addi tionally,

there is a continuing sefiis inventien antonsarnsddi ts'wmmmﬁmng

| NEXPEensi Ve 10 cadlhdiAllICee ?B@é&ﬁnvéwagﬁEEacéfY bﬁx'di'% agd cgﬁpagwi&.
conventional |ubrication Gl tives this I nven
of fer one respPfitiyescdd plairimating oils, 3’-"'@“113,‘1\3%8, zapgtomatic

di scl oses thaterimEdiddion &lids’d esters of the following fornmula are
useful | ubrliscant s and | ubricant additives:

2. Description of Related Art

Additives for lubricating oils perform an

important role in tailoring a finished fluid to meet

20 specific performance criteria set by squipnent

manufacturers. Typically, wear of moving equipment parts

is controlled by phosphorus-containing compounds.

However, these compounds may adversely affect other

characteristics desirous in lubricating oils such as

25 friction performance and silicone-seal compatibility.

Therefore, under certain circumstances, it may be

advantageous to avoid wuse of phosphorus—-containing

compounds. Additionally, there is a continuing search

for new antiwear additives which are inexpensive to

30 produce and, environmentally benign, and compatible with

conventional lubrication oil additives. The additives of
this invention offer one response to these problems.

GB 1,353,249 discloses that carbonic acid
35 esters of the following formula are useful lubricants and
lubricant additives:
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- 2- WO 96/1955Qher e: Rland R2 are i ndepePCR/HSIS{16574
hydrogen 5 at om or an al kyl, al kenyl,

aral kyl, aryl, acyl, alkoxy- -2- - carbonyl or

aryl oxy- car bonyl group; nis a nunmber from2 to 300; and
Xis an al kyl ene radi cal which 10 “contains 3 or nore
preferably 3 to 18 carbon atons in the main chain,

an al kyl ene radi cawhsi¥iesh cont ai ns : 3 or nore,
preferably 3 to 18 carbon atons in the main chain and
15 |nterru ted b one :

het er oat oms  or Rjrare 1ndependent1y ac hyggegenc ester,
car banoyl , 5 atom £t haﬂle, Iaalnlea amkylt,elrt aiikyanyam no

groups; or 20 : ycl o ene a r

aryl ene radi cal . Thearieﬁ%fbato%§§¥descr?%£% 8ﬁ3§5§ oxygen,

sul fur, and ni t r ogen. carponyl ey asyhgxyncarnpnyhegcbupmed carbonic 25

acid esters contain at lpast 2 ﬁ@ﬁpggaffoﬁagleal§050rggg by al cohol

exchange reactions usin dIO|S Addltlonal _ here nothing in
this reference to sugbeéﬁ tHe 2 MﬂﬂﬁQQxﬂlqi?¥ﬁql ad&P@F@es of this

i nventionlo. 30 - : - contains 3 SHMWBRY, Cprélferab¥iNl €
One enbodlnent of this 'nvfgt PoeR"atons dh the main ‘chain,
‘an alkylene radical which contains
3 or “more, preferably 3 to 18
carbon atoms in the main chain and

15 ' : ‘is 1nterrupted by one or more
heteroatoms or by one or more
carboxylic ester, = carbamoyl,

urethane, urea or tertiary amino
groups; or ' |

20 . X is a cycloalkylene,'afaikylene or
arylene radlcal. -

- The heterocatoms described include oxygen, fsulfur, and

" nitrogen. However, since n = 2, the claimed_ carbonic

‘25 acid esters cbntain at least 2 cafbonate radicals formed

by alcohol exchange reactlons u51ng diols. Additionally,

-'there is nothlng in thls 'reference to 'suggest' the
lubrzcatlng 0il additives of thls 1nvent10n.

30 | o |
SUM OF THE INVENT:

One embodlment ‘of this lnventlon concerns an

_ oil-soluble additive, wherein the additive comprises the
35 reaction product of a-carbonylating agent and an alcohol,
the alcohel being at least one thiocalcohol, or, at least



"0il-soluble additive, wherein the additive conprises the 35 reaction

product oWQEHbnyl ati ng agent and an al cohol t he alRCUMESISHESMMg at

.l east one thioal cohol, or, at |east WO 96/ 19550 -

PCT/ US95/ 16574 -3--3- one t hi oal cohol and

one sul fur-free al cohol, represented by (1) or (I'l), where (1) and (1)

are: [err] n |nte er fromlto
1209 thionleApaheAnt sre paLfurriree” alpdidy, FreseRted

fronrl to 4: by (I} ariéIl) prwkeren{Epeandr (LTl &veb; Ris a

Cl1- G50 hydrocarbyl group in structure (1), and is a Cl1-C50

hydr ocar byl group or hydrogen R1 in structure (11); 15 Xis

sul fur, oxygen, nitrogen, or -CH2-; r is o, or an integer froml to

5 providing [ 0-( CHz_}\t/c\;(/r;qE:IB I‘ﬁ( o%xgér_)_s_onrtrg? is 1,

when X is sulfuor, |L§ nCH2 s to 5;
20 s is o, or an integer from1l to g, t is o, or an i nteger
from1l to 12; uis o, or an intégér froml to 2 providing

when X is sul fur, oxygen, or -CH2-, u is-1,

R1
|
R-Xr £ (~CH2-) g —?—}y-a (II)

OH
where:

m+ n is an integer from 1 to 4:
is 0 or an integer from 1 to 4;
is O or an integer from 1 to 4:
is 0 or an integer from 1 to 6;
is a C3-Csg hydrocarbyl group in structure (I),
and is a (C3-Csg hydrocarbyl group or hydrogen
in structure (II):
is sulfur, oxygen, nitrecgen, or -CHz-;
r is 0, or an integer from 1 to 5 providing
when X is oxygen or nitrogen, r is 1,
when X is sulfur, r is 1 to 3,
when X is -CH;-, r is 1 to 5;
20 s is O, or an integer from 1 to 5;
is 0, or an integer from 1 to 12;
u is 0, or an integer from 1 to 2 providing
when X is sulfur, oxygen, or -CHz-, u is 1,
when X is nitrogen, u is 1 or 2;
25 y is 0, or an 1nteger from 1 to 10: and
Ry and Rz are 1ndependent1y a C1-Cg¢ alkyl,
cycloalkyl, aryl, C;-Cg alkyl-substituted aryl, or
hydrogen.
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when X is nitrogen, uis 1 or 2; 25 y-is o, or an integer from1l to
10; and wooenn9ss8l and R2 are independently a Cl1-C6 p I§¥§9116574

cycl oal kyl, aryl, Cl1-C6 al kyl -substituted aryl, or rogen
WD 96/ 19550 P&£T/ US95/ 16574

-4- Anot her enbodi nent of this invention relates to a
|l ubricating oil additive conprising the structure (rrry: ferr]

where: - Ris alkyl or ARopher gmbodiment iefl thig| invention relatesr o
risilto3; %0 lubrlcatﬂ:hg aﬁjlR%@dﬂtiwepéaﬂﬁﬂiEYnByd'Eﬁﬂe”1strgctqi'

al kyl , cycl o(aﬂﬁ% aryl, or Cl-C6 al substi tut ed
aryl; gis an i nt eger from1t05 and J[err] 15
Furt her enbodi ments of this invention include | ubricating oils and
| ubricating oil concentrat &g captai ning the additives of this
i nvention. 20 Anot Her- enbagfli ment is a rethod of |ubricating
surfaces subject to nut lla-lszv\é‘ac)v@e-@-cm-kybrl cating (III)
l . .
5 R2
where: R is alkyl or aryi, or substituted alkyl or
aryl: | |

r is 1 to 3;

10 Ry, and Ry are independently hydrogen, C;~Cg
alkyl, cycloalkyl,  aryl, or Cj3-Cg alkyl-
substituted aryl: ' |
s is an integer from 1 to 5; and

. . R
R3 is C1-C30 alkyl or 4{C}_Sr—R.
| | l .
15 I R2
Further embodiménts_ o_'fl thi__s invention include

lubricating oils and lubricating oil concentrates
containing the additives of this invention.

20
Another embodiment is a method of lubricating
surfaces subject 'to'_mutual' wear where the lubricating
fluid contains the additives of this invention in an
amount effective to lessen wear of the surfaces.
25 '

An advantage of this invention is that
excellent antiwear benefitis a'ré"'ac_hievable while being
compatible with  other’ lubrication oil additives
particularly, without _' detrimentally affecting the

- 30 antioxidency properties of additive packages.



fluid contains the additives of this invention 1in an anmount effective

to | esseMVOREISH the surfaces. 25 An advant R§EUYF1657H s
itnvention is that excel l ent antiwear benefits are achievable while
bei ng conpatible wth other' | ubridcation oi | additives
particul arly, wi t hout detrinmental ly af fecting the 30 anti oxi dency
properties of additive 39 Q% AMeTA 3
PCT/ US95/ 16574 = DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The sul fur-contai ni ng
carbonate reaction Therodlgiiﬁv.&f-ddﬁﬁu vfegﬂtloaa&benmée byrégeeibng at
|l east 5 one_thioa cohgl . ast one |oagcohol and at Ieast
one sul fur - f rRECAFEDRoP: \H‘l“ﬁ d‘né' fThg™ Jekactdng, at le

| oner nol écul ame vEiipalcatial kybr, atarbsmsmte one D@haplaicobmiceandngat
suitable thi ho f re ol s, ayl @44 and
met hods 10 ofP%é%earbﬁa tﬁuliﬁkvg%?éong%ea %ﬁ ngH éﬁfﬂ%h??g@iﬁg
Thi oal cohol s ¥@eNSy| f FRGH ccaR| cdhol dower . nolecular TH@lgpﬁioaﬂkéthb
and sul fur-féggpordeool s dexd £ps e&%ﬁ@@lriwn@t r g i tdSTe ( I&nf@&hééx&héorm a

br oad descrjption of alcohols usefu IS invention.

ohoul d be notSHLERETERRE RGeBeNRy | CorbapELabanas AHETES . apg [Bakhode
strai ght -ihai sedprépanihgdthbs Liyeéntion's &agiedeesafoldowydr ocar byl
groups within this definition 20 include al kyl, al kenyl, cycl oal kyl,

aral kyl, al karyl, aryI and thelr hetero cont ai ni ng anal ogs.

Anong t he suifTRbtalaoi N HY beohols|) are al koxyl ated

al cohols (s [err] 1 and t [err] 1) and 25 al koxyl ated pol yhydri c al cohol s

(s [err] 1, t [err] 1; %ﬂd mthioalcohols[er%h.2)Su§9grn¥§ggres icgggfs'

IS represented by structures (I) and (II) form a broad

description of alcohols useful in this invention. It
should be noted that the hydrocarbyl groups represented
by R may be straight~chained, branched, or cyclic.
Representative hydrocarbyl groups within this definition

20 include alkyl, alkenyl, cycloalkyl, aralkyl, alkaryl,
aryl, and their hetero-containing analogs.

Among the suitable alcchols within structure

(I) are alkoxylated alcochels (s 2 1 and t =2 1} and

25 alkoxylated polyhydric alcohols (s 2 1; t 2 1; and m + n
+ u 2 2), and mixtures thereof.

Examples of particularly useful alkoxylated

alcohols are nonylphenol - pentaethoxylate,

30 pentapropoxylated butanol, hydroxyethyl octyl sulfide,
and diethoxylated dodecyl mercaptan.

Examples of particularly useful alkoxylated

polyhydric alcohols are oleylamine tetraethoxylate, 5-

35 hydroxy-3-thiopentanol triethoxylate, thiobisethanol,
diethoxylated tallowamine, dithiodiglycol,



Exanpl es of particularly useful

nonyl phen®i0 96/19850pent aet hoxyl at e,

hydr oxyet hyl octyl sulfide,
Exanpl es of particul arly useful
ol eyl am ne tetraethoxylate -5- 3
t hi obi set hanol di eth

al koxyl at ed al cohol s are

30 pentapropoxyl ated bBCENEPS/16574

and di et hoxyl at ed dodecyl nercaptan. -
al koxyl at e6l- pol yhydri c al cohols are
5 hydroxy-3-thiopentanol triethoxylate,

dlthlodlglycoF etrapropgiy;

%ﬁcoamlne, él mgﬁe glycol, and 1,7 -

PCT/ US95/ 16574ihydroxy-3, 5-dithicheptane-

t et r apropoxyl at ed cocoani ne,

di ethyl ene glycol, and 1,7 - di hydr oxy- 3, 5- dithioheptane

Anmong the suitable alcohols wthin structure éll) are 43 dric
al cohols (y, [err] 2). Amongmptbe FultaB&Ft|%hF%? }s w%ﬁﬁﬁ%ﬂ tr c ure
pol yhydrics '
1- phenyl - 2, 3- pro an i ol
hexadecane éi?ﬁ

usef ul cowbh%ﬁenﬂaaﬁytﬁnxﬂnﬂs

repr esent ed byal(éo\gol (V) ,1 2_

@moohgte cner Gpolylﬁﬂﬁi?@fﬁlbbhbmls (y. 2 2) -
, Xy
]Heroszg%ugctadeeg%gﬁygsic aﬂég%?%%r

d?a%%&w eﬁescggae§

Examples of

tlcdﬁarly
Wwighteiny 1st2 \Bctprapgnediale, t hogwlyvinyl

he “héﬁ& ('ﬂ03iﬁlk¢&90£¥53

and err
octadecane.
10
A particularly useful combination of alcochols
within structure (I).are those represented by (IV), (V),
and mixtures thereof, where (IV) and (V) are:
15 ~ A-OH (IV)
and o '
OH-B-OH (V)
where:
20 : o
Yy
A is CH—(OCH,CH,)y,— or Y1-?H-(ocﬁzfn—)v—:
25 X1 _ X ¢H3
‘X1 is H or R4SCHz- ;
Yy is R4SCHy~, RySCHCHy-, R4SCHCHz- ,
30 . B
CH3 fﬂz
CHjz -
35 R4SCH-, R4SCH2fH-, or R4SCH2fH— ;
| _ - o 1
CHs CH1y THz
CHqy
40 _ _
: v is 0 or an integer from 1-12:
B is —CHpCHpSCHaCHy— , —CHCHpSSCHZCHp—
45 or 2SRg—

RsfHCH



q

[err] 30 err] 40 vis O or an integer from 1- 12
HowBu ;.

Bis -CH2 - CH2CH2SSCH2CH2- 45 or R50|—|C¥M5f16574 WO
96/ 19550 PCT/ US95/ 16574

- 7 - and R4 and R5 are the same or “diTferent and are H or a

hydr ocar byl group containing up to 50 carbon atons R6 I's a hydrocar byl

group cont ai
groups of the,
straight -

groups i ncl ué® aahquocaabkbngrpupcgohbaihyhg uprabkﬁb carboal ladlops,. and

nand Rp andSRsCarbothat sake or E:.ffe t anfhar@u By aand R6

B A L

their hetero-containing anal ogs. 10 The het ero- contalnlng

hydr ocar b)(gr
vari ety

skilled in t

groups nmmy contain one _or nore heteroat ons.

het er oatB®sReanRse @ RedIseerseadi Itheaappieehels o(I‘P‘ibse

hendr t(v) Sgét abidrdeiasyaat gm‘nup&cl ﬁﬂﬁchblﬁayw bear etﬂaightm ted

sul fur erred

t t h
ot or oat one. PR SSRErPERCRER T Pt evolarr RARRRSUITALIISARBEPearbyl

preferred.

10

15

20

35

groups include alkyl, 4alkenyl, cycloalkyl, aralkyl,
alkaryl, and their hetero~containing analogs.

The hetero-containing hydrocarbyl groups may
contain one or more heterocatoms. A variety of
heterocatoms can be used and are readily apparent to those
skilled in the art. Suitable hetercatoms include, but
are not limited to, nitrogen, oxygen, phosphorus, and
sulfur. Preferred heterocatoms are oxygen and sulfur,
with sulfur atoms the most preferred.

When the hydrocarbyl group is alkyl, straight-
chained alkyl groups are preferred - typically those
that are about C; to C3g, preferably about C4 to Cjs,
most preferably about Cg to Cj;p alkyl. When the
hydrocarbyl group is alkenyl, straight-chained alkenyl
groups are preferred -- typically those that are about Cj3
to C;g, preferably about C4 to C;;, most preferably about
C¢ to Cjg alkenyl. When the hydrocarbyl group is
cycloalkyl, the group typically has about 5 to 18 carbon
atoms, preferably about 5 to 16, most .preferably about 5
to 12. Wwhen the hydrocarbyl group is aralkyl or alkaryl,
the aryl portion typically contains .agbout Cg to Cjj,
preferably 6 carbon atoms, and the alkyl portion
typically contains about 0 to 18 carbon. atoms, preferably
1 to 10.

Straight-chained hydrocarbyl groups are
preferred over branched or cyclic groups. However, if
the hydrocarbyl group constitutes the 1less preferred



When the hydrocarbyl group is alkyl, straight- 20 chained al kyl groups are

pref err edwoostiggsocal | y t hose that are about C2 to C18, rormskesimbsiey about
C4 to Cl12, nost preferably about C6 to Cl10 alkyl. When the
hydr ocar byl group is al kenyl, straight-chagned al kenyl groups are

preferred -- typi caIIy those that are about C3 25 to C18, preferably'about

A4 C12, bl b Wi
hyd'; gcar byl e Eﬁ‘ﬁ ?‘éﬁ qu%ijghﬁ KRY Pﬁe s@”&%‘dtﬁ&ﬁ%yﬁ? H%lscggﬁﬁt gt o

18 carbon sirarigh tyokadneid ya lxyduigrioum, e frarably efertablgg about 5
to 12. Wen the hydrocarbyl group is aralkyl.or akkaryl, 30 the aryl

portion typically contains about C6 to Cl2, greferabl y car bon at ons,
and the al kyl portion Reptxgqae@matyvmmeaml%og suwamecmm

preferablys grbups 1€br a38ohols (IV) hAdi qRY- Cirdpgk meﬁuﬂoocﬂ

groups are r.ef er ver bra ched or l'ic-grou wever, _if
t he hydr ocar bA*% (jf&up cgﬁgygt'ut ege? 2 I'essh?ﬁ%ferre*ge £YL, VWO o553~
PCT/ US95/ 16574thylhexyl, iscoctyl, tertiary-odyl, nomyd, oalﬂssdndgiytmp, :
it may be sub aCl ﬁ}:[:ﬁl ght--ghaljjed al r p,
preferably Czﬁé!%% ‘94051@1 E%cg% ﬁ.ryesen at’i ve g%% ‘'es o s&%tc
hydrocarbyl ®ndgecylps fodogdlesytiol s tmidesyd, (V) Padmiddylnet hylste@trl’ywp,
propyl, bUthsosﬁé‘érF)M’ octlf@ﬂ‘?'i; noheRyyl,, dec¥iyl, doaecenylff‘t ldyaxy!

|sooctyl tertlary _isono tertlary non
secondary nonyine gcygnd llf‘QXGQH‘ cch"’(ﬁﬁFé@y'l e"ﬂ%ﬂecﬁc‘%lphﬁqyéecyl

pal mtyl, sicﬂuqﬁl,phﬂhyn smtceqmdnymdm.l nonenyl decenyl, dodecenyl,
ol eyl, . l'i nol eyl and-linolenyl, cyclooctyl, benzyl, octylphenyl
dodecyl phenyl, and phenyl octyl. The preferred hydr ocar byl

groups for alcohol 15 They) pae@ewmm hpdrorarbedy| growps ddreyialcohed

preferred|s (rv) are hexyl, octyl, decyl, and dodecyl. The preferred
- hydrocarbyl groups for alcohol (V) are, for Rg: methyl,
ethyl, and propyl: and, for Rg: methylene, ethylene,
propylene, and (methyl) ethylene.

20 © Aléohols (IV) and (V)  may be prepared by
‘conventional methods widely knoewn in the art. For
example, a thiocalcohol is produced by oxyalkylation of a
mercaptan containing the desired hydrocarbyl group.
‘Suitable oxyalkylating agents include alkylene oxides

25 such as ethylene oxide, propyfene'dxide;Vbutylene oxide,

' and mixtures thereof. The most preferred alkylene oxide
is ethylene oxide. Thus, the preferred thioalcohol may
be prepared by the fdllowihg reaction equation:'

30 ' RSH + Ethylene Oxide ———> RSCH;CHpOH  (VI)~
- where R is defined above.

To produce the desired alcohol, a more
35 preferred reaction route is:

RCH=CH, + HSR;OH ——> RCH,CH,SR0H (VII)



ﬁydrocarbyl groups for alcohol (V) are, for R5: nethyl, ethyl, and

propyl; aMQ96/198%0 RG: met hyl ene, et hyl ene, propyl enECTARISA6S hy| )
et hyl ene. 20 Al cohols (I1V) and (V) may be prepared by
conventional methods wdely known in tBe art. For exanpl e, a

t hi oal cohol is produced by oxyal kyl ati on of a mer captan contai ni ng

the desired I up. Kyl en | ude
al kyl ene oxi de%c EE e?ﬁ PEe do‘%&oéw%?ogé?ég%e o%é(frkgugcq} +%ﬁé@f

oxi de, and (H3&ur s pnef-ez;red Prcawsst it ey beldy al mm cnementaqes

ethyl ene oxi de.of W, déé‘?redi”@iééﬁ@ﬁ &Héeaheoeeladahn s d%ﬁul%? &v@d 1{9@?
the foll ow ng reactlon equati on: | ene

+
RSCH2CH2OH  (\BXoduce a,gipglg Ps}c&é‘ﬂlnétﬁ abB®e. f°m“la RSy(C HaC
produce thé wm%ﬂéﬂh>xﬂ(ﬁﬁnﬂ,mlxﬁhréﬂﬁtééﬁbommBéeﬁhéﬁerﬂﬁEtaﬁa vQﬂi&sLSZ

RCH=CH2 + HSR2COH [err] RCH2CH2SR20H (M) WD 96/ 19550

PCT/ US95/ 16574 -O- wherein R and R2
are described &I&x inoAgents (VI'l) is preferred because it
yi el ds a hi gher percentage of the desired al cohol whereas reaction
equation (Vl) may produce a si ngl e al cohol of the fornula

RS(CH2CH2O- ) n-H, 5 wher@engXally, any x CREORYIAddKh| 9ank dsnsuikable
vari es. 10 Griborgledt A0 APHt SSnvention providdéEndktal ¥, @dyable of

carbony| 261 19 HEMag 41 {aphsithe o7 Va5 ely! Sad SR e
agents include lower molecular weight dihydrocarbyl carbonates
such as dialkyl carbonates, dicycloaliphatic carbonates,
diaryl, or di-(aryl-substituted aliphatic) carbonates.
15
Examples of the dialkyl carbonates are dimethyl
carbonate, diethyl carbonate, dipropyl carbonate, dibutyl
carbonate, dipentyl carbonate, dihexyl carbonate,
diheptyl carbonate, dioctyl carbcnaée, and dinonyl
20 carbonate. The preferred carbonates from this group are
dimethyl carbonate and diethyl carbonate.

Examples of dicycloaliphatic carbonates are

dicyclopropyl carbonate, dicyclobutyl carbonate,

15 dicyclopentyl carbonate, dicyclohexyl carbonate,

dicycloheptyl <carbonate, and dicyclooctyl carbonate.
Preferred from this group is dicyclohexyl carbonate.

Examples of diaryl and di-(aryl-substituted

30 aliphatic) carbonates are dibenzyl carbonate, diphenyl

carbonate, di-2-phenylethyl carbonate, and the like. The

preferred carbonate from this. group is diphenyl
carbonate.

35 While all of the foregeing compounds may be
used as a carbonylating agent in this invention, the most
preferred compound is dimethyl carbonate.



R e R

&

I ncl ude | ower nol ecul ar wei ght di hydrocarbyl carbonates such as dialkqu
car bonat b&wC! oal i phatic carbonat es, diaryl, or

i-(aryl - stituted aliphatic) carbonates. 15 PCT“E%%HET%S of
t he di al kyl carbonates are di net hyl g@rbonate, di et hyl carbonate,
di propyl carbonate, dibutyl car bonai di pentyl car bonat e,
di hexyl car bonat e, di hept yl carbonate d|octyI car bonat e, and-
di nonyl 20 sallfopatentalhéns g 10% - o) e
di met hyl carbonate and diethyl carbonate S " Exanpl es of
di cycl oal i phatic carbonates are dlcyclopropyl ~ carbonate, '
di cycl obut yl car bonZhe, ZEsuljftwrﬂ:mtirying c Danhtatate deagtliohexyl
carbonat e, ckeh I t y. o]
Preferred frgfnotdha" S?oggtll\és lnﬁ’%y?q%ﬁ‘e% car %ﬂéﬁﬂ&% Jﬂetﬁgag Qgii
Exanpl es Of 8PAMP| iBngh@i ar&eryl -substituted 30 aliiphatic) carbonates are
di benzyl carbonate, diphenyl carbonate, di-2- phenylethyl carbonate,

~and the like.
di phenyl

The refer bonat e from r.oup
carbonateR £1cu1a9iy Rt aaY%ys %41 8P§§Bﬁngth15

conpounds rraynbentlonused aeaatranbor;ytwducvg agent iy t ham i nYerthange

nost
PCT/ US95/ 65

car bonat e
met hods wel |
of produ0|ng

[ 6gREedoROMPOUBEr! SflinBdY | wfiBhPUR! $5 desireld 26/ R0 o

thiehlebhol i odeue&n@ﬁgé@- S fioltv eqt leﬂeﬁ‘ﬁm&héﬁﬁpr Rdight

h5 kno‘é@blye tg::'oup of a dlhydrocarbyl acr.:;]l:ggll_‘gyey tuoseful
YRESS

the thiocalkyl carbonate. Typically, dimethyl carbonate

~ 1s used as the dialkyl carbonate reactant.

15

' The "exchange reaction" is typically performed

in the presence of a catalyst. Many catalysts are

20

25

suitable to effect this reaction.  Suitable catalysts
include bases. such as ‘alkali metal- hydroxxde and resin-
bound amine bases. A partlcularly useful catalyst is
Amberlyst A-21®. This catalyst' is commercially available
through Rohm and Haas Company.

The relative starting ratios of carbonylating
agent to thloalcohol (or thloalcohol and alcohol) range
from 1:1 to. 10:1, preferably 1:1 to 3:1, most preferably

2:1. However, ‘these relative proportions are not

contemplated to 1limit other relative proportions where
the benefits of this invention are achieved.

This process may - be performed at any
temperature at which the reaction proceeds. Preferable
temperatures are between about 50 to 125°C, most
preferably about 125°C.

This process may be performed at any pressure
which encourages the rate of reécticn and ease of

t he

arning
Car bonat 19 RekBiPaAKPLodERTbERARE: | dihe thicalkyl 5“ﬁﬁ§1tﬂﬁﬂtfupfcoﬁha|nrng_

way



I nvention's reaction product Is by an "exchange reaction.”

For exanpwe9éabssn it is desired to nmake a 10 thioal kyl cacrasss/ss74the
;thioal kyl substituent of the t hi oal cohol is "exchanged” for a | ower
nmol ecul ar wei ght hydr ocar byl group of-1a -di hydr ocar byl carbonate to form
t he thioal kyl carbonate. Typically, dimethyl carbonate I's used as
the dial kyl car bonatttiorneact nt reaﬁté' on" is

D The ."exchan
typical ly per F6PR&] i n°the th{ﬁ es8EENs BYEBFEﬁ’g? ag‘i/ﬁnf“ ur=
catal ysts ar eontaigingaldtarbenztéect PheSerzhlei pressuldeis abre daitalesst s

catal yst s | . ss .
ol ude bases spueh 2 akkal hoThinddiileRUsle HL CHrlehnINOURAR NG

bases. A particularly use? | catalyst yst A-2
catal yst is c@FROSPhET®F .avail abl e t hrough Rohm and Haas Conpany.
The relatiye starting ratios of carbonylating 25 agent to thioal cohol (or

t hi oal cohol and al cohol ) range from1l:1 to 10:1, eferably 1:1 to 3:1,
nost preferably 2. 1The [sxchange | feaction”y ip\?"éj%l’“ﬁ"re@porat"?/or?s’l‘c";"r‘:’e1
not cont enfpexhadotlo innitheot baser edfat dimephyporc¢axbenate) e as at hy-
benefits of tR,s 4,,a¢enti aghi d..30 - : Thi OToToES

may be pe?’f'%rd #%& a?& gqge%/ 9I1e§;é§rrp8?atsuurlef%rt' %‘l’%%l%%%érgg:t | on%

proceeds.  PPdPSushise are pdfednahleswhepe thiet adeshodhoby-Preduey is

125[err] C10 mM@moved.Pr efReADIheAROLEoHEZD[ BY-bFoduct is not remd¥ed or

P OCes s TRy D e T et e PLESR S g "D Ol o380 2053eaklE 2 @
PCT/ US95/ 16574sed, this method of synthesis lisually mspaitdi dn af

t he al cohol mB&kB&%d%%t58f¥w}’égﬂé3#§%ﬂﬂ %ﬁﬁ%?ﬁﬁ#%ﬂp car bonat e

Preferabl e pressurées are bétween nospher es, nost
preferably about 1 at nospheres. 5 - The "exchange

reaction”jsproduces anTthadl G9¥dduct of the "exchange reaction" may be
vacuum stripped to increase the yield of sulfur-
containing carbonates in the reaction product.
Typically, wvacuum levels of 1less than 1 mm mercury at
temperatures ranging from about 100 to 140°C are

20 satisfactory to increase the thiocarbonate yield.

The following summary shows typical reaction
product contents obtained by the "exchange reaction®
process and subsequent vacuum stripping as measured by

25 carbon-13 nuclear magnetic . resonance {C~13 NMR)
spectrometry resulting from the reaction of hydroxyethyl
octyl sulfide with dimethyl carbonate:

Amt in wt % Aamt in wt % by
by Exchange Subsequent Vacuum

Component. _Reaction Stripping
Hydroxyethyl Octyl Sulfide 20-40 16-30
Dimethyl Carbonate 2-7 ' *~ 1-4
Methyl, Octylthiocethyl 15-40 10-25
Carbonate

Bis (Octylthiocethyl)
Carbonate 15-40 30-70



(et hanol in the case of dinmethyl carbonate) as a by- product. Higher
yi el ds of f4kspcoNnt ai ni ng carbonate products are att g n the
al cohol bﬂér%duct is 10 renoved. Wen the al cohol by-product b|§ls&g?f§t
removed or when a m xture of thioal co_hfﬂ_ or al cohol reactants are

used, this nmethod of synthesis usually results in a m xture of

sul fur-contai ni ng carbonat es. 15 The product of the "exchange
reaction" may be \'/acuum stripped to increase the yield Of sul fur-

containing carbonates - rﬂar td¥hoad egg{. @gmlpgo@ﬁgt

vacuum | evel s of |ess than mm ner cury tures rang oaf ng Jﬁ om
about 100 't ctNVIeRKIan | C“H‘Ké-"&) séﬁaﬁfe?a‘tﬁ"y tQ)fl ncﬁmqmls with

t hi o;:ar bonat e auﬁiﬂ;ted caz;boxyb]:[atlnggh%'é Dghzmﬂeléét”'oﬁgtm%
reaction produc con e obt ai ne y i

process and sUtRRSRA! 5‘836'% stP Bﬁ?ﬁﬁe Séafed ‘E%’PYQ% aﬁarmpqgate,
nucl ear- magmnd anetnxe]sonlalmmfotxﬁaﬁe. Nua)er prenmctamrdami;orree,smnem
fromthe reactiaibat¥eruiidy! reactfdnd Suldh de s th didBldieq | « by

car bonat e:
by Exchange SiXRARSR eadyunpne alcohol @ﬂﬁﬁﬁén?er CarbonlemQﬂm-n

[S]”ifﬁi Ing .bwrmml -SET yb:;&yéfadson aQﬁ:Qs the foﬁ&k@&n of
me rnoona
Octyltzl o(e??hylunsmet’i’ff% Cagb"“ateio ok.e., c&FEBH&F es ‘"’&%P may

(Cctyl t hi oet hyddntain Gawdodif ferent thio-containinglSubStituents orx3Gbnd
WO 96/ 19550 thio-contalnlng and one- thlo-free E&Jé&?@éé&é“‘l
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The additives of this invention may be added to
IS a lubricating oil basestock in an amount sufficient to
impart antiwear properties. The typical range is 0.05 to
2.0 weight percent of 100% active ingredient, preferably
0.2 to 1.0 weight percent, most preferably 0.3 to 0.7
weight percent. : ' ' '
20
It may be desirable to include a source of
boron with the complek "of this invention in. the
lubrication o0il basestock. The presence of boron tends
to lessen the deterioration of silicone-based seals. The
25 boron source may be present in: the form of borated
dispersants, borated amines, borated alcohols, borated
esters, or alkyl borates. '

- Accordlngly, by eddlng an effective amount of

30 thls invention's additive to a lubricating o0il and then

placing the resulting lubrlcat-:l.qn oil within a

lubrication system, the oil will inhibit wear in metal-

to-metal contact as well as in metal-to-nonmetal contact

(i.e., nonmetal composites: "paper/phe_n_olic resins,

35 graphite/paper/phenolic resins, KEVLAR‘/'peper resins,
etc.).



O her net hods for formng the additives of this I nvention involve
reacti ons WO1955¢ i oal cohols with activated carboxyl| BET/HSpS/1689dgent s.
Exanples of these 5 reagents include phosgené (COO 2), diphenyl

car bonat e, and nethyl chloroformate. Uhder proper conditions, these
carbonate-formng reactions can be controlled to I nt roduce

only one al cohol noiety pgg qa,rbl}q@éltl 0%?.1 basrﬁ’re O%kcgﬁ pcarqo'%r?eﬁ sone

preparation allows_ the  fornation
i.e., carbonat®sMO%fi eRdifdyes t‘toﬁ‘?’é‘f‘ nat \ﬁ@léYT feammlated- tubricating

substituents Odn.‘one Suchhller&a&uﬂigqgoilmd L0 ¢ s | rlﬁ%l%@ésté&'fa%mn
The additives thlﬁ?l nvent i OE rtvq? added to 15 a lubricatin

basestock in an‘1 %’%h FRuffici S+ i mpaPPUXTPPHE% pro‘B%P?'P%%antShe
typi cal rarfge astiovidants, 2xEnemeght pressare of ad80% aeki,ve Vﬂgésgiﬁj?

DLl oL o iPobErd: O LGN RN oSt BRETSLAR' Y00 10 Onge

wei ght per cent
of bor on vﬂ“ﬁ#?h‘é‘a%onﬁréx Gﬂptllﬂaél‘!nve&k-’f%kp$ﬂdthén, ﬂnxbmeumpheml

basest ock. The:,xmzeﬁﬁw@ akiahesoastensiy ©. ¥0 Lsﬁ%iﬁ@etﬂﬂeaﬁ&t% ! 01@1#185\(
sili cone-base se&b ;gﬁ? 25 boron source may present In orm
er s,

of borat ed BRor at et afiPfedn tH)'rSat eHaEPEBhdlféo%c?ﬂaltnedthe
esters, orl0al kisdlosuress of which arACCOidcbﬂbysrabﬁdaddhéﬁeilﬂ by

effective ano t higs ti L ubri cating oi and
t hen pl ac:itnug @{%1?99 resul #Mf f %g%’d %??&IWt il ﬁ %" h
| ubri cati on syin&Ainse fgom \/\,BPPuf—nhl bl'qo wahpultn 2@t steight #0- oft athese

contact as WB'dchiSti\FlaéTEt abobatBANER! AntH@dd dis éi'sﬁ’n s Htggnpatla.'l:o be
conposites: alpe‘{eéghenol I.C..resins, 35 graphite paper phen resins,

KEVLAR] err] /p ps ad 1té,flgs) 1n the\\pidg, b sdesired. However,
PCT/ USO5/ 16574he precise additives used (and ltheir relative amoui¥s)

lubrication oi};3as§SLeRl 6" V&' PaPlEcular application of the oil.
Contemplated applications for formulations of this

invention include passenger car motor oils, gear oils,

industrial oils, lubricating oils, and bower transmission

20 fluids, especially automatic transmission fluids and

tractor hydraulic fluids. The following 1list shows

representative amounts of additives in lubrication oil
formulations:



or nore additives to forma fully formulated |ubricating oil. Such

| ubri cat ivwp 9smdssaddi ti ves i nclude corrosion I nhi bi t or spey/ussdaksgent s,

pour - poi nt depressants, 5 antioxidants, extreme pressure

additives, viscosity i nprovers, frigdLon nodifiers, and the |ike.

These . additives are typically disclosed in, for exanple, "Lubri cant

Additives" by C. V. Smal heer and R Kennedy Smth, 1967, pp. 1-11 and

in U S Patent 4,105,571, the 10 disclosures of which are .
~incorporated herein by - reference. - A {Bkbsdjor nul at ed (lpyrlatieedeldyg oi |

normal |y cont ai nsadapsiwebout 1 to about 2fiewerght % of thege,
i |nclugea"as

additives. Borated or unborated dispersants nay al so be

‘additives §n vheImptovetsdesired. However, 15« fibe preci se addit 4ves used
(and their relative amounts) = wll depend upon the particular
appl i cati on oforhesbbh. Inhibiberénpl ated. applications for formulations
of this i nP@RsLvatens| ude passenger caP-fdtor &ils, geaf.fills, 1.5
industrial,oils, lubricating oils, and power :transm_ssion 20 _ fluids,
especi al 1}  aBBbHEP¥E9aRESnsni ssion flui ds®*8Ad~ Stractor OnPadr auli-8

fluids. The..followipg list shows repr esent at.i ve amounts of
additives in Pﬁﬁ??fﬁ??gg oi | fornmul ati on ,?B *-QBMD 96/19@53 -8

PCT/ US95/ 1657 . . _ g 14.- -
(Broad) 5 .ﬂnt%Fgg?%%?gdﬁggnts _ Addepsé 5 °'°°6w.1@§
W. 5 VI IppEeygests | ‘1 p181- 6 1v.91 -
Corr osi on Inhibitogfs-s.- Passi vators ' 0.01 - 6& 3
0.01 - 1.5 I1AntAokbafXAgants . 0,00101 5 5 0.0810Q11551.5 ¢
D spersants ' ' ' 0.10 - 10 .01 -8 Ant i - Foam ng
Agents 20 PourOr6fAt Dépressantf. 001- 1.6.6%2 - 2 0.01 - 1.5
Seal Swellants . 0. -8 0.1 ~ 6
55 Friétioh Modifiers_ 0.01 - 3 0.01 - 1.5
Lubricating Base 0il - Balance Balance

Particularly suitable detergent additives for

use with this invention include ash~-producing basic salts

30 of Group I (alkali) or Group II (alkaline) earth metals

and transition metals with sulfonic acids, carboxylic
acids, or organic phosﬁhorus acids.,

Particularly suitable types of antioxidant for
35 use in conjunction with the additives of this invention
are the amine-containing and hydroxy aromatié-containing'
antioxidants. Preferred types of these antioxidants are
alkylated diphenyl amines and substituted 2,6 di-t-butyl
phenols.
40 |
The antiwear properties of this invention's
additives may be tailored with conventional antiwear
additives. Generally, these additives are sulfur- and/or
phosphorus-containing compounds. Examples of such
45 compounds are zinc dialkyi dithiophosphates, triaryl



" Detergents 0.01 - 6 0.01 - 3 Ant i - \Wear

Agents WO 96/19550 O 001- 5 0.001- 1.5 20 Pour PoTUSISISTLSSaNt s
+0.01 - 2 0.01 - 1.5 Seal Swell ants 0.1 - 8
0.1 - 6 Friction Mdifiers -150.01 - 3 0.01 - 1.5 25
Lubricating Base Q| Bal ance Bal ance

Particularly | ; t er,gent LLLYesS L i Wt ] S, lnyention
i ncl ude ash- p%)ﬂtﬁj | nlgt%zsigc:&gal ?%ggghg#)%g(} og)gwf' ' glrlli%l | oér]‘%%%’pmr es,
(al kal i ne) ear®%Fnet al Howevend exsedillerdh abtiweaw t hproperthies axels,

carboxylic adidlapldy QLERNitheLhR8RNLEVEsaWSthis invention in the
Particularly Satﬁtabl e tﬁpes of antiqxi dant for use in _conjunction wth

35 J
the additives 58NS PhvERYF and4{pr (PROSPRAEUESRPAFALAYNIN AR

aromat i c- cOnt aiompumnds. anti oxi dants. Preferred types of these

antioxi dants are al kyl ated di phenyl am nes and substituted 2,6
di -t-butyl phenol s. 40 o The antiwear properties of this
i nvention's addi t i v&hemmpddd tiiyiel opdd ®his cinventional mayitiakse be

additives. ConQirldd/, tdesRraddial i hcrtitd U - Ad/Qncentrate will
phosphor us- cont ai ni n npounds. 45 conpounds

co ] . Exanples of _such,

are zinc di S90ATaldi% hCEpRBiPhaR cPaIqY | PoFtion ofip $higsinvention's

PCT/ USO5/ 1657/4dditive together with other ddéired addDEpPhesesandnc

prosphates, MURNLAgG: S LTSI, off For anFBLC Saye i

i nvention in tadstitiveabsfntbisf iswdntiomdand lesiest usddanivesi ngi.e.,

antiwear 5 CQROWSingredients) are provided in the concentrate in

specific amounts to give a desired concentration in a

15 finished formulation when combined with a predetermined

amount of 1lubrication oil. The collective amounts of

active ingredient in the concentrate typically are from

about 0.2 to 50, preferably from abéut 0.5 to 20, most

preferably from 2 to 20 weight % of the concentrate, with

20 the remainder being a lubrication oil basestock or a
solvent.

Suitable lubrication oil basestocks can be
derived from natural lubricating oils, synthetic
25 lubricating oils, or mixtures thereof. In general, the
lubricating oil basestock will have a viscosity in the
* range of about 5 to about 10,000 mm?/s (cSt) at 40°C,
although typical applications will regquire an oil having
a viscosity ranging from about 10 to about 1,000 mm2/s
30 (cst) at 40°C.

Natural lubricating oils ineclude animal oils,
vegetable oils (e.g., castor oil and lard oil), petroleun
oils, mineral oils, and oils derived from coal or shale.

35

Synthetic o0ils include hydrocarbon oils and

halo~substituted hydrocarbon oils such as polymerized and



The additi've of this invention may al so be blended to form a
concent r AW@96/1958\ concentrate wl|l general | y cont ai rPCY/0S9506570rti on
of this invention's 10 additive together with other desired additives
and a -m nor armount of lubrication oidijgsr other solvent. The

additive of this invention and desired additives (i.e., active

I ngredients) are provided.in the_cqgncentrate in.  _specific amounts to

gi ve a desi re’d’%%'r%& X137 i noheansy n?es‘l"%d' foPH&ng“itgﬁeﬁﬁén c R ¥ied
with a predetpropykshes, pnopylené-isbbutgliene adpolymérs,cahXutivsted

anount s of ' ' edi nt, /0. ' cenfLat.e. LYR] ar n
about 0.2 to.%%?fﬁp‘%egleér'g%y P?g#\(%bgtﬁ'?‘%ﬁ%}t’oéé?&?r%s%‘ekgﬂgéx_éf r%{#glpfrom
2 to 20 weigiieogrask he ebRcent adde; MAKEHIES  ttheneaflindalkwibrnzenes
lubricatign ojd,dasestsdedf1Fenzendd) Veietradecylbenzenes, SUid fitbiyl-

| ubrication qi |l basestocks can be ived from__ natural, lubricating
oils,  synt RERZERS. | ugi"i‘%é??ﬂﬁle?‘gg%FnﬁF?Fpr e§tﬁ1ér’gof9°1¥'rpkb%‘ﬁé¥%l ,
t he | ubri tatgng oblipheagikock teérphdryks a valkgldated n gdkyphenybege of

about 5 to a 0,0 c 40 .« uygh tyni.cal
applicati ons%1 )1 T e'q%?’r‘g{r%‘/r:lé%i(' | §%§9?h§f [ %ﬁ:?}]e \%‘” 5005"@}} l%%%_]_ngaﬁrg%%‘?bout
10 to about SWHDide®/ s D weddt)ast Bhedrr]|derivatives, analogs; urand

l'ubricatijog Gidioldys UdttePEbFPlad ! Ene 1ikyegetable oils (e.g., castor oil
and lard oil), petroleum  oils, mneral oils, and oils derived from coal

or shale. 35 ' Synthetic oi'ls include hydrocarbon oils and
“hal 0-substituted hydrocsymemetids slubricapbhgnerioddd andlso \VIREhid®550
PCT/ US95/ 1657, . _ b mrnm i are el merj zed (
ol of Tn (o SRVI0, S RRLimers, , incerngiiara. ool ARITAAET
propyl ene- i SOBMRIT e ivpbiyasrehera| shenfesminal hyiduoxyll greups have
pol y(I - hesenasden Pahddl £ Péd eNp) et ficat ionlfCodaferi f fdftion ANdete.
m Xt ures the:ég{%; q.lﬁk | benzenes 5 ée‘g , '.-’glrodecyl_ benzenes,
t et r adecyl be s, © nyPE  SYRERSEHEs, Okkg 2-_&?hy|ﬁ§?§}?}5€?1?@ne,b_y
etc.); poly-phiygxgalkylene polymers prepared by polymerization of
ethylene oxide or propylene oxide:; the alkyl and aryl
ethers of these polydxya—lkyléne'_ pol‘yme’rs." (e.g., methyl=-
20 polyisopropylene glycol ‘ether having an average molecular
weight of 1000, diphenyl ether of polyethylene glycol
having a molecular weight of 500-1000, diethyl ether of
polypropylene glycol having a molecular weight of 1000~ _
_ 1500): and mono-. and poly-carboxylic esters thereof
25 (e.g., the acetic acid esters, mixed C3-Cg fatty acid
esters, and Cj3 oxo acid - diester of ' tetraethylene
glycol). _ _ . _ _

. Another suitable class of synthetic lubricating

30 oils comprises the esters of dicarboxyiic acids’ (e.g.,
phthalic acid, succinic acid, alkyl succinic acids and
alkenyl succinic .acids, maleic - acid, azelaic acid,
“suberic acid, sebasic acid, fumaric acid, adipic’ acid,:
linoleic acid dimer, malonic ‘acid, alkylmalonic acids,

35 alkenyl malonic acids, etec.) with a variety of alcohols
(e.g.,. butyl alcohol, hexyl alcohol, dodecyl alcohol, 2~
ethylhexyl -alc¢hol, ‘ethylene glycol, di-ethylene glycol



(e.g., Dbiphenyls, terphenyls, alkylated polyphenyls, etc.);

al kyl at ed WO9MY| ethers, alkylated diphenyl sul f | BEDUSIsASSIAC] |

las their derivatives, analogs, and 10 honologs thereof;and the |ike.
Synthetic |lubricating oils al so i nelldde -~ ° al kyl ene oxi de pol yners,
i nterpol yners, copolyners, and their derivatives where the termna

hydr oxyl grOUpﬁoQ3¥€hé§ B@ﬁ?gl@%ﬁiy 3/e€?h%{:2§8§£5?§c examples of

et herification syn

exenplified byhese pesexry al elade @G&wﬂ&ﬂs agn@paﬁed dbyzpetyyéhexxﬂ)on
of et hyl engegid€eor prﬁmﬂmﬁm deeuhhgagbhy! &yl seBhRats, of
t hese polyoxyalkélene golyne met hyl - 20 polylso opyl ene glycdl
ether havi ng aft3F8PSEELinnl R%8 we igiodcnboo, ameﬁﬁéﬁy et AdpcEyl

E?Ihgft g%/l en® gpnethhlate, ngaag:ya ?@ﬁemagggfahyiomt@ ethy! 2~
1500); and 8L§9i8§%gﬁ 8%?§§§Fbo%f:|g1Q§géﬁc %#&ﬁﬁd?gﬂgr'(e 8 thRe

acetic acid escemplexnassercxocaedfQWtweagtinq ontnro ke OﬁndebEESc achd
acid diester wotn WSl apdiwd ege tetrgalex:?wgh)ene glycol and tthwdb‘”:%fgé of

suitabl e class_of synthetic lubricatin olls conprlses e esters o
di carboxylic a ¢rethylheyancic aﬁﬁ?haﬁp Bedlik@ccinic acid, al kyl

succi ni c apd ds and al kenyl succinic acids, maleic aC|d, azel ai c
aci d, suberic acid, asic aci funmaric id. adipjc aci d
linoleic acid dimer, rra?ﬁﬁ?fsac‘f%e,tdu]al R nﬁ?ﬁﬁﬁsgégi d%’,r')i%S al§q e AfFlude

mal oni ¢ aci ds, tbose) madéa afrvemi e€y oftoal Copol sonocagbogylibut peidkcolnd,

hexyl al cohol , odpgeyl ehfiohpay% (eryEELY! baxK! abcohgbpentlhy! §i§eon,

| ycol eth e gl
gC%/U895/16574 rzmetgy olpropane, pentaerythritpl, Jdipgpseergtehritol,

propyl ene g ycehpeheaérytﬁasﬁbii c a@aarmiésmke. sgheaaaeﬁ eh?dt&éhﬂﬂén
di butyl adi pate eth | hex acat umar at e
di oct yl seba%%i‘% s§oo§*’)§?me§ R, ‘%ﬁ?%%%ﬁ
dioctyl 5 phnhamale¢ldfﬂesyl phthalate di ei cosyl sebacate, the 2-
et hyl hexyl diester of |inoleic acid diner, and the
Silicone-~-based oils (such as the polyalkyl-,
20 polyaryl-, polyalkoxy-, or polyaryloxy-siloxane oils and
silicate oils) comprise another useful class of synthetic
lubricating oils. These oils include tetraethyl
silicate, tetraisopropyl silicate, tetra-(2-ethylhexyl)
silicate, tetra-{(4-methyl-2~ethylhexyl) silicate,
25 tetra(p-tert-butylphenyl) silicate, hex-(4-methyl-2-
pentoxy)-disiloxane, poly(methyl)-siloxanes and
poly (methylphenyl) siloxanes, and the like. Other
synthetic lubricating oils include 1liquid esters of
phosphorus-containing acids (e.g., tricresyl phosphate,
30 trioctyl phosphate, and diethyl ester of decylphosphonic
acid), polymeric tetrahydroforans, polyalphaclefins, and
the like.

The lubricating oil may be derived from

35 unrefined, refined, rerefined oils, or mixtures thereof.
Unrefined oils are obtained dzrectly from a natural
source or synthetic source (e.qg., coal shale, or tar



conpl ex ester fornmed by reacting one nole of sebacic acid

with two

nol es of woesassshyl ene gl ycol and two nol es of 2- et hylmsgsmsnm d,

and the like. 10 Esters useful as synthetic oils also incl ude

t hose made from C5 to Cl12 nonocar boxylic. ggLds and pol
et hers such as neopentyl glycol, ~trinethyl ol propane, p
dlpentaerythrlto

yol s and pol yol
entaerythritol,
Synt heti c

hydrocarbon S3RgF| éSEPt@relﬁ ggt gg‘?ﬁ Lfd' %P&ﬁand t’(ée#a'tﬁp-o‘??gﬁﬁﬁ?gmﬁf‘t-

nor mal ol ef i nExamples of unreffnéd coiidsbdserl wid sa ( shallea
20 polyaryl - ko | Y Syl oi s
a1B8LYRY KoKy Of %twtfymg; operdtddh 0 &5 Bt

oi I's) conprise anot ul class * 1 ubr

someopﬁhxﬁéayl'

Pr]]_geuil | gi\t e

These oils obheined dizerkiyvhfrom. dlﬁtliiléa‘ittéﬂbetq!al%p?%b?r ocbtained,
tetra-(2- ESthﬂ?é&{:iy frofi hhcékeeriflbﬁttﬁ%n(ﬁ&iéﬁé ?eaﬂikhyef‘e%bli&h is

i cat t -tert-but 4- ngt hyl -2-
pent oxy) | di <i FRFAnaed iERGuE BHERA: | trdacuit’  Refffiea” ofis"are”

pol y( met hyl phsimi)arsitdocoxehnes unrelf(inecheous kexcept thabe
| ubricating o [ de t 0

(e.qg., tri creéé?ephrﬂ%s %H%&jt IEIEO ﬁos&l@p BBP??#%
decyl phosphoniBprovea@ng K opolmans i ErPEFF‘&h?ér-of oﬁé?ﬁé'rabé-(ﬁ

refinety nbhbesi c

?Ehal % agl ds

ynupﬁﬁécetme

and t e |t5éhn1ques include dﬂ%%zl'lléli&'cﬁﬁt 'H}ﬂir&&feamg, bSerﬁihﬁed

from 35 unrefin refined, rerefined | s, or m Xtures,

Unr ef i ned oil §°§Y§anF§|tﬁéEt&PPect3‘?q B Rass Lﬁ"attra"t’s‘?fh'r cgl?ﬂ:réﬁﬁﬁet ic
source (e.g.,andapersbaheion;, adl of wh¥eKW6at85Xkflown to those skilled

PCT/U895/16574
wi thout further p%l}l f &%t on Roermtfrlena‘afd °tlls alr"%x8""m?aelsneo

Y oPPRALTRG)

i ncl ude a sharefdnedopidsndt procgsses: Isimilan £ é%hﬂﬁq isedetat pbhain

pet r ol eumpl | the r@?iﬂé&eglihr eCithésh HRr@Sindd &1 ard @I’s@skﬁéwﬁ’biﬁ' ned

5 directly froman, esterification ocess, each o ich is
vi Chout T it hEREERLBSAORE eRRaAaaNad PLls, and Sreeh ke

t hen_used
addltzonally

processed by techniques for removal of spent additives

and oil breakdown products.

20 . This invention may be further underetood by
reference.. to the - following . examples which: are not
intended to restrict the scope of the appended claims.

25 : . B A .VEE. LES

EXAMPLE A:
i .

30

Hydroxyethyl octyl ‘sulfide (1000 q) ‘and

dimethyl carbonate (1000 g) were placed in a 3 liter

round-bottom flask. To this was added S0 g

of Amberlyst

A=-21® catalyst (a commerc:.al res:.n base) . The flask was

35 heated to about 90°C at reflux for 1 hour

Following

‘this, the temperature was gradually raised to 131°C while
829 g of distillate was removed. ' The dlstlllate was
blphasm. The reaction flask was cooled and a further

i



simlar to the unrefined oils except that refined oils have been
treated | mvopg/iessonore purification steps to | Mprove onecerUsIRicd74
properties. Sui tabl e purification 10 techniques include distillation,
hydrotreati ng, dewaxi ng, sol vent extragtgion, acid or base extraction,
filtration, and percol ation, all of which are‘known to those skilled
in the art. Rerefined oil s.ar.e obtained by treat..: refined oils in
processes sim RaP tﬁr?ﬂﬁsé”%' g&mﬁé‘h&}t aFﬁr?\énaFﬁeW i fdfedy s. Thhgsdvas
rerefined oil sheated To KBOMT amtil mecfartrdronatepiatediatidilledi antkr.

addi tives  Andi3iaik on O 3RERRRY CPUULE b9 SRS ARiRr
may be furthemagmedtelcstnmmce spesftremetry t showed its| Icovtmimm:es

\évgi ch are snokpe (g ntEdggle?St hxgtro’)&"et%%pe o@(tﬁv/ghe s%q&qr&e
of M xed CarboRdFeEhy) Saxbandtereatt3 onmebhyl, octylthxoetpgg}r

oct yl sul fidee.s;1apd bdks (oat§lthicdtiBil)y|carburytwiss. c(.1000 g) were

ynt{?em S

placed ina 3 liter round-bottom flask. To this was added 50 g of

Anmber | yst A-21[err] catalyst (a comrercial resin base). The flask was
35 heated to about 90[err]C at reflux for 1 hour. Follow ng this, the
tenperaturéovvagxgﬂi’d@allily rai sed to 131[err]vah|Ie 829 g of distillate

was renoved. SRz PR gk
cooled, and a furt her V\D 96/ 19550
PCT/ US95/ 16574

di net hyl carbonate was ad@8d.PFodyfs Qfs the ﬁ§§¥‘8&et& 1‘36%?3&%‘1 not 2
further nateri abuddsbioltited flearsk equippégswithf & hehermomeberpr maigeietiy
carbon- 13 pICl @4 rprj ngMAHE Sl SRURES SPHRCHATRIYY MR | bSmp and a

conposition to

he reaction fl ask was

dry ice-cooled condenser. A vacuum of less than 1 mm
mercury was applied while the contents of the flask were
stirred and heated to 100°C. The temperature was slowly
increased to 140°C. Analysis of the reaction product by

20 carbon-13 nuclear magnetic resonance spectrometry showed
its composition to be (% by weight): hydroxyethyl octyl
sulfide, 17.7; dimethyl carbonate, 3.2;
methyl,octylthioethyl carbonate, 3.9; and
bis(octylthicethyl) carbonate 75.2.

PERF N

While the additives of this invention may

30 possess properties other than those reported herein, the

excellent antiwear properties of this invention and the

additives' compatibility with conventional antioxidants
are demonstrated by the following examples.

35 An automatic transmission fluid (ATF)
formulation was prepared containing a lubrication oil
basestock and conventional amounts of borated succinimide
dispersant, diphenyl amine antioxidant, tolyl triazole



5 be (% by weight): hydroxyethyl octyl sulfide, 22.1; di et hyl
car bonat ayo 9¢/t¥ssoret hyl , oct yl t hi oet hyl car bonat e, 36. 6;PCEMISIS/16574
bi s(octylthioethyl) carbonate 36.0. | O EXAMPLE B: Vacuum Stri ppi ng !
of M xed Carbonat es : _ The p2oduct of the Exanple A was pl aced
in a round- bottom fl-ask equi pped with a thernoneter, magnetic 15
stirring and connected to chani cal, vac dry i ce-cool ed
condenser . - i\EﬁgﬁhﬂPo}nPaQSEPﬁanaflﬂﬁ,an #hég%fgkﬁgaﬁﬁ??%d¥ﬁhFFé°Phe
contents of thedifaekswepelyalkgﬂrme&daau@lmaaexiScpsuxXEﬂmﬁfbveﬁheand
temperature vgge §t8¥‘4§%nt. BT eased 410, d4OLaL ] faaed 1B YSI G 0§ !

reaction: pr oduct ear nmagnetic resonance spec ome?ry

showed |t§d€bﬁﬁﬁgl?f05xﬁnpbe Q@bby wei ght): hydroxyet hyl octyl

sulfide, s 17.7; - di et hyl carbonate, . , 3.2; '
met hyl octyl t hj thyl car bonate, 3.9; and

bi s(octyl t hi o@iﬁ#—%&%@ﬁﬁe- 75.2. 25 | PERFORVANCE
EXAMPLES Wiile the addltlves of this i nvention my 30

possess properties ot he &haﬂ: VJ%%%GRQH fﬁ"‘bﬁsﬂ ddﬁh%’as 84 °C Irt eg Flty

antiwear properties of RPs 5% tives' ~conpati
with convent i BAGI G8ALi Eﬂsﬁant@COrdm% trenbhet DINeF13P4 hEGevraml ngest

_exanpl es.10 3§rocedure. An Acc%‘i‘dl 1, tﬁéan§€h§5| et »ialsu Orun (Q‘IF)
formul ati on mas are n|n a Iu ri,cation. asest ock and

con
convent i onal 18? b2 nPHI&é s°°HF§Eer%§una FepFentPORN ne
ant i oxi dant, bohutredLazam&reforeAMgéEi1955mure using the formulation

PCT/U895/1657§t hlgher 1oad stages is deszrggle. The foregoing (
' formulatlon contalnxng the 'addltlve of Example A was -
15 measured to have a stage_ fazlure of 13 which is the
maximum load stage p0551b1e uszng the F2G test. Thus,
the result of thls test 111ustrates that the additives of
this 1nventlon are capable of prov1d1ng potent antiwear
performance 1n the absence of phosphorus as evidenced by

20 the high F2G 1oad stages measured.
ABOT - Oxidation Test

The antioxidative compatibility of this
25 invention with the diphenyl amine antioxidant was
demonst:ated using the Ford Aluminum Beaker Oxidation
Test ("ABOT") described in the Ford MERCON specification

(24 August 1992 revision).

30 The ABOT_results recorded at'300_hours_were:

Alhﬁinﬁm'Stfip._ no varnlshlng
Copper Strip: Grade 3B
Total Acid Number: 8.38
35 ' szcoszty @ 40°C: 55.32 |
' Brookfield Viscosity @ -40°C: 33,600
Total Acid Number Change: ~ 6.69



corrosion_inhibitor, am de and ethoxylated am ne friction nodi fiers,

pol yal kyl WRIH285 | ate viscosity inprover, and ant i f oaRGIVUSISIEST4 hi s
«fluid was added 0.7 wt % of the addi tive of Exanmple A. 5 FZG -
Wear Test The foregoing A fornul ation was run in the

FZG Gear Test, according to the DIN 51354 (Cer many) test 10 procedure.
Accordingly, the gear gs@i cH@Sge! Uy7 af2 increasing |oad stages

until scoring of a gear,_tooth = occurred. Therefore, gear failure using
the fornul ation at  hipRsosiang¥ense: 88.-3sirable.  The

foregoi ng formul ati on paptdme NnkblubbesAddpj4ye of Exanple A was 15
nmeasured to have a stage failure of 13 which is the maxi mum | oad st age
possi bl e using the FZG test. Thus, the result of this test

i |lustrate§ that the addthe véoregoing thesulteentildhough captbl epimized

provi di ng pot we&g MBLGE b%ﬁ Shaspher S
evi denced by ;EOB ?Hkhh v Strﬁﬁaggs'tta slér’rg]é%%?%? r!;gﬁl\“BO'l' %(I gg%?on

Test current Tﬁ%rd MprraR $RacAL icalgRnv | AFei dpPordant becayse
invention W tthey heho#i phﬁwlthamaaaltawsomﬂa&hxsmaﬁnventﬁ@ﬁmn&b@atx&d

ne Bor d NERCAFEIRAR MTatronsencyd SRERRE, onob3s, spifigapiiiE or the "

The ABOT rleuIA'EF.r ecorded at 300 hours were: Al um num
Strip: no varnishing Copper Strip: Gade 3B

Total Acid Nunmber: 8.38. 35 Viscosity @40[err]C. 55.32
Brookfield Viscosity [err] -40[err]C 33,600 Total Acid

Nunber Change: 6.69



WD 96/ 19550 PCT/ US95/ 16574

-21- WO 96/19550 % | R Change: 47.72 % Vi SpOBUL9sHsEmar ease:
88. 39 % Pent ane | nsol ubl es: 0.45 The foregoing *
results, although not optim zed to paZs t he strimgent —antioxi dency.

requi renents of the current Ford Mercon SpeC|f rtant
because thﬁx st‘1_ow that the additives of this i Mmﬂwm

adverse or detrl rrent al effect on the oxidizability @

96/ 19550 "PCT/ US95/ 16574

-22 - | 11 A”Ano' logplabisble ad(ﬁddi&.eive, Wheifirein Neepe
additive ng %ses reaction pr oduc car bom#/I atl ng
agent and an 3fdbhiye thE°€t‘P€d’I§&s bei T at reapgégp oné’q‘?ﬁ'{ﬁﬁ co

| east one thi catbofiplatbrg agemt and fan -&leehod| cthe  ,alcahskseeling aby

(RIZ) or [(I l %leastv\’ﬁ?xre éﬂ)o?fgol%i) Q'i:'e a[teri;ast one thiocalcohol and
one sulfur-free alcohol, represented by (I) or (II),
where (I) and (II) are:

Rl
l |
(Ho-(-cr2-1q} R fxr¥ <—?+s-o-)t-ﬂ) uln (1)
R2 (
Rl
| .
R-Xr £ (-CH2-: g ——?€¥y-ﬂ C (IT)
OH

where:

m+ n is an integer from 1 to 4:

is O or an integer from 1 to 4;

is O or an integer from 1 to 4:

is 0 or an integer from 1 to 6;

is a C3-Csg hydrocarbyl group in structure (I),
and is a C3-Cso hydrocarbyl group or hydrogen
in structure (II):

is sulfur, oxygen, nitrogen, or -CHy-:

r is O, or an integer from 1 to 5 providing
when X is oxygen or nitrogen, r is 1,
when X is sulfur, r is 1 to 3,
when X is -CHy-, r is 1 to 5:

is 0, or an integer from 1 to 5;

wa 3 3

»

0

is O, or an integer from 1 to '12:
u is 0, or an integer from 1 to 2 providing
when X is sulfur, oxygen, or -CHz-, u is 1,



wher e: m+ nis an integer froml to 4; mis O or an

integer fr¥Me/19504; nis 0 or an integer from1l topérwsesnesrzs d i s
0 or an integer from1l to 6; R is a Cl-C50 hydrocarbyl group in
structure (1), and is a Cl-C5Qqydrocarbyl group or hydrogen

in structure (I11); Xis sulfur oxygen, nitrogen, or -CH2-;

r is O, or an integer frog11 t,o grOV|d|n . when X i s oxygen or
nitrogen, r is 1, en: XV\/FIEn ktrogenm s & 15 or 240 3,

when X is -CH2-, r isi& Dg br an integeri $rom @ t# lontegey from1 to 5;

t is 0, or an |nteg§r frac}\%l ko 12are nde@%ffeﬁ?%l or an |é1t?er fr ml to

2 providing I s sul far

WD 96/ 19550 cycloalkyl, aryl ClFﬁﬂyLE@BYlﬁSﬁustltuted. aryl, or
-23 - VR a%oggnnitrogen, uis 1 or 2 y is 0, or an
integer from1l to 10; an Rl and R2 are independently a Cl1-C6
al kyl , cycl oal kyl, aryl, Cl-C6 al kyl -substituted aryl, or

hydLOgeP. . 22. TEEheaddgﬁut&veOfoﬂﬂiﬁlﬂxﬁ- 1Whe&ﬁé9e15hethe
car bonyl ati ng t r bonat

3. The addl??ggang?ag Xgﬁgé mh%r Fﬁgf xﬁFBSHSEesePECtQ&eFPUﬁ1

t he group consfarbapate. (IV), (Vv), and m xtures thereof, where (1V) and

(V) are: Jerr] and

3. The additive of claim 2, wherein the
alcohol selected from the group consisting of (IV), V),
and mixtures thereof, where (IV) and (V) are:

A-OH - (IV)
and .

OH=-B-OH (V)
where:
Yy
A is CH-(OCHyCH3 )y~ or Y3-CH-(OCH,CH-} -

X1 X3 CH4

X1 1s H or R4SCH3-
Yy is R4SCHy-, R4SCHCH;-, R4SCHCH5- ,
éHg éﬂz
' éﬂg
R4SCH-, R4SCHsCH-, or R4SCH,CH— ;
CIZH3 LHg CH,
b,
v is 0 or an integef from 1-12;
B is —CH,CH;SCH3CHs— , —CH3CHSSCHoCHo—

or RsfHCHZSRS- :

KR R



where: [err] vis O or an integer from 1-12;

B is -CH @@ odiid86912- , - CH2CH2SSCH2CH2- or RSCHCH2 9eqruses/iesrs VO

96/ 19550 ' PCT/ US95/ 16574 .

-24 - where R4 and RS are the sanme or_gjfferent and are H or a

- hydrocarbyl group containing up to 50 carbon atons; and R6 is a

hydrocar byl group containing up to 50 carbon at ons. 4,

The additive “Rfire cRai ana3Rs @mer #hepsame or RALEFRPYEDRt apgd iageq KCPICIH

al kyl . hydrocarbyl group containing up to 50 carbon atoms; and
Rg 1is a hydrocarbyl group contaihing. up to 50 carbon
atoms.

, _ 4. The additive of claim 3, where A is
R4SCH3CHz-, R4 is a C1-Cys alkyl.

5. A lubricating oil additive coxﬁprising the
structure (III): '

Ry O

| e B
R-Sp (=C3g—0-C-0-Ry ~ (III)
|
R2
where: R is alkyl b_; aryl, or substituted alkyl or

aryl:

r is 1 to 3;

Ry, and R; are independently hydrogen, C;-Cg
‘alkyl, cycloalkyl, aryl, or Cj3-Cg alkyl-
sub'stituted aryl:; -

s is an integer from 1 to 5; and

Rl
R3' is C1'?C3o alkyl or \Cc;ssr;a.
- . I |
R2
6. The additive of claim 5, where R is.Cg =

Ci4 alkyl, r is 1, R; and Ry are hydrogen, s is 2, and Rj
is methyl.

* C L M S *



5. Alubricating oil additive conprising the structure (111):
[err] WO R6e9550 Ris alkyl or aryl, or substituted aPR¥USBS16574

aryl ; rislto 3 R1, and R2 are independently
hydr ogen, C1-C6 al kyl , cycdsoal kyl , aryl, or Cl1-C6
al kyl - substituted aryl; s is an integer from1l to
5; and [err] Jhe a f claim5, where Ris C6
- Cl4 alkyl, r is 1,”Rl M@G%@moqgg‘é}ﬁn‘é s WNeIQ Rpsls g
met hyl . WD 96/ 19550 PCT/ US95/ 16574
-25 - 7. The additive of claim6, where R3 is [err]

I

-(-C‘:-)-s Sr—R.
R2

8. A lubricating oil composition comprising:
(A) a major amount of lubricating oil,
and '
({B) an antiwear effective amount of the
additive of claim 1 or claim 5.

9. The composition of claim 8, where
component B is present in the amount up to 1.0 weight
percent of the total composition.

10. A lubricating oil concentrate containing
the additive of claim 1 or claim 5. )

11. A method of 1lubricating metal surfaces
subject to mutual wear, comprising a lubricating fluid
containing the additive of claim 1 or claim 53 in an
amount effective to lessen wear of the surfaces.

s

R



8. Alubricati ﬁg oi | conposition conprising: el
amount ~of lubri Py oil,  WORAMUNTELLECTUAL PROPERTY ORGANIZABION an ant | @@
effective anount of the addi tive BT or claim 5.

9. The SSFERNATIONAL AFPLIGATHOM PUBLISHR PNDER THEGRMTBREHEOPPERATIPN JREATY{PCT)
Lhe anbishiinktRathidl e OURGERon ¢ :  DET CON!  Olirf rGrabBbf PubiQHRORDLLT- WO 96/19550
e a

10. A lubrd H‘gze' Wtrate cont g4 mi ng Itive of claim1 or -
claimb. dﬁﬁ 6076 . met hod of * [#8) 16txinitionhi PiibliGtiondDiatef C €S 27 June 1996 (27.06.96)
subj ect—to—rtttat—wear—conpristag—a tubreattng—ft+ud -contarnng—the
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