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WO 2005/ 073352 PCT/ US2005/ 003112 DETERGENT /

ANTI - OXI DANT ADDI TI VES FOR FUELS AND LUBRI CANTS |
w@b@sorhe benefit under Title 35, United StatPSI/Omes/003112

120 to U. S. Provisional Application Number

60/ 539, 590, filed January 29, 2004, entitled

DETERGENT/ ANTI - OXI DANT ADDI Tl VES FOR FUELS AND

LUBRI CANTS. 5 BACKGROUND OF THE INVENTION 1. Field of

the Invention This invention is related to fuels,

DESRERGRNT/ .{QWIQSQ DART Xpb‘iﬂé‘gé FORFUES AN LUBRICANTS

especl a ubrlca I'ng oi more particu

éﬁa%h?\'v? : °f e ﬁ@ggfe ﬁ%ﬁd?ﬁﬁ ggﬂg@%&? %?b&& Visional

Ap 21?
mz%a'g ABBIT V@$ gmg @a{spwm” i Sor gani ¢

nitrogen base conpounds, particul arI y those

conprisi ng an RAGKGROUNDKYF THE ENYENFONor on
conpounds, such as boric acid. 2. Description of

1. RelFidl@df AidIndonfidat al detergents represent a mmjor
source of ash in formul ated engi ne oils. Al kaline

earrfy 1§%rfti%ﬂ "i‘§ ﬁ%ted%%a& &3 &mlyfiﬁhfo%éﬁlb@ﬁ ?@el@raﬁd lubricants,
typically used I n nodern englne oil's to provid

espeglecl Iitgo%{&gt\f a51 ijs QA& %drg ﬁaxﬁ%&lg{léqo a @ﬁ%? 591%8%@(:@«{3& detef%ent / anti-

ssary

. an | esel n et e ustion of the

OXIdamﬁwgs bt ucasaﬁ hq"@sﬁ*%&%é?@&g%gﬂ% upbdinds sich as
as _carbon and varnish deposits. In the case of

hydrembr;h safigpdic, acizly, basisi aagattic eqmpawnds, sughys qreanic pitiogen base

t he conbustion chanber to produce sul fur derived
compourdls, parfihidaty thosedonmisihgea N-bydrosy elkybmdieto andborve

wear in the engine, and they al so accelerate the
comgsgkﬁdﬁkhaﬁb@ﬁc&h@ oil. Neutral and overbased

detergents are introduced into engine oils to

2, Description of Related Art

Metal detergents represent a major source of ash in formulated engine oils. Alkaline
earth sulfonates, phenates and salicylates are typically used in modern engine oils to provide
detergency and alkaline reserve. Detergents are necessary components of engine oils for
both gasoline and diesel engines. Incomplete combustion of the fuel produces soot that can
lead to sludge deposits, as well as carbon and varnish deposits. In the case of diesel fuel,
residual sulfur in the fuel burns in the combustion chamber to produce sulfur derived acids.
These acids produce corrosion and corrosive wear in the engine, and they also accelerate the

degradation of the oil. Neutral and overbased detergents are introduced into engine oils to

neutralize these acidic compounds, thereby preventing the formation of harmful engine
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neutralize these acidic conmpounds, thereby preventing

the formati on of harnful engi ne WO 2005/ 073352
wWERODSAERD5/ 003112 0164- PA deposits and dr anapdTak1095/003112

increasing engine life. U S Patent No. 5, 330, 666

di scl oses a lubricant oil conposition useful for
o16dpAducing friction in an internal conbustion engine

whi ch conprises a lubricating oil basestock and an

al koxyl ated am ne salt of a hydrocarbylsalicylic acid

of, a defin or mul J S.c Patent No. 5,688,751
dep%ﬁlt:g, 8{“2 gréqg]a?lg%\lly s s"%% gr}ggnegilfgl e engi nes can be

ef f ectj vel |_ubri cated by supplying to the enqi a .
i L St N 5301658 icisetcaiabiging P co@pe otk et To reducing
hydr ocar byl - substi tuted hydroxyaromati c carboxylic

frictinn ig aprintamabeanebustion enging Whigh semarisega lubricating oil basestock and an
hydr ocar byl - substituted am de, amoni um salt,

alkolnyRtedentihy 2o frachysladcarbytsalicpicaval efatdeffeedformall t
thereof in an anount suitable to reduce piston

denesi et NS 31688 F89idnelosdstBatTvststoRe SIS eiphds@en boeffectively
the engine contains less than 0.06 percent by wei ght

lubrggateqibgégéﬂﬁrwg‘% ﬁlesengﬁ{e §'mi§g¥r@ B arl\Gi1 oplfuﬁﬁéatﬂagéliscosity and a

'SCL 2 preparati on magnesi um bor a
metallic det {_havi | _
byt g ey g s Sar o STl Pely TPRER bR amice,

si ze by using magnesi um al koxi de an oric acid. The

hydw@r&akwb%wtq%&wgw@m%wiSﬁl@ hy mﬁéfg’b’ﬁ‘&m%iﬁ?‘p AbMapQyalgnt metal
an al kaline earth nmetal w th nagnesi um al koxi de _and .

salt Herdof iman amowndsnitable tormgeneqision SitS iorsgid; enginge The mixture
presence of a dilution solvent followed by

suppliesitto theadnigine contairsriess ehand). 0O partera by wedght obdivdiehumetals.

solvent therefrom The borated m xture is then cool ed,

fi Iy er eMediNo. 585AM8BD dNRBRRESHE Properadibe of AE@Isium borate overbased
detergent, which 1s said to exhibit excellent cleaning

L LN TR T
partiicrl]et él%eg); userrlgo ngértleisﬁx?ri al%gxide and boric acid. The preparation involves reacting
a neutral sulphonate of an alkaline earth metal with magnesium alkoxide and boric acid under
anhydrous conditions in the presence of a dilution solvent followed by distillation to remove
alcohol and part of dilution solvent therefrom. The borated mixture is then cooled, filtered to
recover magnesium borated metal detergent, which is said to exhibit excellent cleaning and

dispersing performance, very good hydrolytic and oxidation stability, and good extreme

pressure and antiwear properties.
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2 WD 2005/ 073352 PCT/ US2005/ 003112 0164-PA U. S.
Patent No. 6,174,842 discloses a |lubricating oil
WwW@eoup0%i3si on that contains from about 50 to 1PODURHNG/@03112
per mllion of nolybdenum from a nol ybdenum conpound
that is oil- soluble and substantially free of
o1¢4pactive sul fur, about 1,000 to 20,000 parts per
mllion of a diarylamne, and about 2,000 to 40, 000
parts per million of a phenate. This conbination of 5
[ v,
dli’a?&h %?Q@g% td%gl%%é;s e{ l‘agglﬁepﬂg Ylec%nﬁ%lsﬁlgh 't contains from
0|I S. Pa No.. 6,339,052 discl oses
abmrt% 1 JDY Rsper millipiog it aepen f@ggsmqlﬁdsmn cmpguyd thatis oil-
i nternal combustion engines includes a major portion
soluble aad substargially fise PEERFtig st 8Bouty1;000ftp 8910@0 pagtpperanifion of a
% w w of a conponent A, which is a sulfurized,
diarplamines ssdlateat 2j000ntpH&oGH part@edatibiogefiit peraite &Ehi$§ cambination of
distilled, hydrogenated cashew nut shell |iquid; and
ingrédiemnes & shid © pkvile i %M’(/élﬁ SlidaioaaResiemt iBprovel dBpdsit cafitrol to the
am ne salt of phosphorodithioic acid of a specified
lumfgﬁﬂ$5§ derived from cashew nut shell liquid. The
' osures of the foregoing are incorporated herein

by r. entiret S RY
PR RRASE Kb PR A Sl B BB Fifor sasotne s
net al -free detergents antl-OX|dant epar. e
dlessvnveérs?&p?mau%wngesl&%m&@s%ﬂ BaioB APBORAT 23 oo Bipr f3fifg viscosity;
ompound, and a basic organi c conpound. Preferably,

from Ad ta20di % vowpini compenprs dnavhieh isal sulfurzeds pearbased celeypphenate
consi sting of alkyl substituted salicylic acids,

detetiiens ddrbted tfrone disi i d, hiydrogeratiddashemw hutshélhbhtddfmnﬂrfmw 0.1t010.0
carboxylic acids, 20 salicylic acid calixarenes,

% wiW!df dlcompbhétit B, ABihal | X amafeaslt of pRospherodithidicCacid of a specified
structures disclosed in

formula derived from cashew nut shell liquid.

The disclosures of the foregoing are incorporated herein by reference in their entirety.

SUMMARY OF THE INVENTION

According to the present invention, metal-free detergents and anti-oxidants are
prepared by reacting an acidic organic compound, a boron compound, and a basic organic
compound.

Preferably, the acidic organic compound is selected from the group consisting of alkyl
substituted salicylic acids, di-substituted salicylic acids, oil soluble hydroxy carboxylic acids,

salicylic acid calixarenes, sulfur-containing calixarenes, and the acidic structures disclosed in

U.S. Patent Nos. 2,933,520, 3,038,935; 3,133,944; 3,471,537, 4,828,733; 6,310,011;
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U S. Patent Nos. 2,933,520; 3,038, 935; 3,133, 944;
3,471,537; 4,828,733; 6,310,011; 3 WO 2005/073352
wWEODsE3SD5/ 003112 0164- PA 5, 281, 346; 5, 336, 2F@I/US2005/003112
5,356, 546; and 5,458, 793. Preferably, the basic
organi ¢ conpound is an organic nitrogen base conpound,
0168ph as one conprising an N-hydroxy al kyl noiety,
preferably an N-hydroxy or al koxy al kyl heterocycl e,
such as N hydroxy al kyl im dazolines, N alkoxy al kyl
I\ dazqhi ¥ 5 | kyl piperazines. O her
5’22%11(2%4@? é’géé’??%ss’%gghﬂgéaﬁ%ggg%?%f}ne, pi peri di ne,
i m dazol jdine, . pyrazolidine,.and derivatives of
TS Etbly s chpsie BYEA R SBIRONES I HRPrERS gt Bgsf compound, such
solubl e and _water sol uble al kanol am nes, includjng
as ope Pempnisieg an Nandraxriated moigiypreferabhioanaNdwdroxy e alkogy alkyl
U S. Patent No. 3,692,680 can al so be used. The boron
hetecauypleusudh as N-hyfdoox yestleyhpinedazblinels N iatk cxyiatkyl emitdazadinks;lor N-
borate in which the 10 alkyl groups preferably
hydfoRiRIkys giptfagities. Ofhefh@alobilicataibe Baedtidim| sipbridiag,iimidazolidine,
acid, dialkyl boric acid, boric oxide, boric acid

pyra%Bﬂ@th,’éagfl %ﬁb@ﬁbgw inBG’lg,i’ GrBfbR; q@h¥linddRhd the @igire.d Oil soluble and

I cycC oric acil di aryl "boric acid,

subsititutio roducts.of these w | a . .
watSh AR o, R p T Py bR pofbbse descrbed i

pr odu royi des excell ent, detergency and cl eanl i ness
ILSt%mgﬁ%%+Bx§§@%8095gs% &M%t ed using the panel coker

test and excel | ent anti oxi dant getfotnanqe when _
ev dihgdorah comyiongd pare Sernpxemgle; bepenit 4cad, ageialkpil bpgate in which the
calorinmetry (PDSC). More particularly, the present
alkyl gxomps preferatdy dompritecforh d ta 4carhpastdmoeachoatkylibsringeitihdialkyl
reacti-on product of an acidic organic conpound, a
borib @EidNb&RBAA) Boridddld dolplek CoyRIo@ Bl BoriCAIR k] Boric acid,
dicycloalkyl boric acid, diaryl boric acid, or substitution products of these with alkoxy, alkyl,
and/or alkyl groups, and the like.

The reaction product provides excellent detergency and cleanliness to an oil when
evaluated using the panel coker test and excellent antioxidant performance when evaluated
using pressure differential scanning calorimetry (PDSC).

More particularly, the present invention is directed to a composition comprising the

reaction product of an acidic organic compound, a boron compound, and a basic organic

compound.



20 4 WO 2005/ 073352 PCT/ US2005/ 003112 0164-PA In

anot her aspect, the present invention is directed to a
W@ e0up0%i3si on conprising: (A a lubricant, andPCBYSED5/003112

| east one reaction product of an acidic organic

conmpound, a boron conpound, and a basic organic
o164papound. 5 In still another aspect, the present

Invention is directed to a conposition conprising:

(ﬁo a hydrocarbon fuel, and (B) at |east one reaction

gxggme%fagﬁegt %g'ggeg?ggagg iSRRI A Bnsemprisne

as ect, present invention is directed to a nethod

foK ?ed@é? ﬁmﬁhén O formation of deposits in an

i nt ernal conbustion engi ne which conpri ses operating

t héBengiahlsastwing reagtionproduetiof ag aeiilic arganiasampryndneboron

reacti on product of an acidic organic conpound, a
compouial) and o bsicioganiagdmaolaaki ¢ or gani ¢ conmpound in an

amount effective to reduce the friction. DESCRI PTI ON

5 OF 1 51 SR REgele:, B MEMT entioki s Sirb ¥ idtd @npsRitRin@Smprising:

to | ubri cant or fuel conp05|t|ons especial ly

K% cagqld%émgggm%z_ ons, conprising an additive

isin oron, prOV|des I mproved detergency
xi d n_ st abj i nt.ernal .conbusti,o
endPhe afleasthng rition ebabet R ansOLR P EiC SRRTLE S barpm
na or anDunt of a lubricant, e.g., lubricating oil and
compa!}ndaaml Abpsic QigaRIACOMPORK addi tive that is the
reaction product of an acidic organic conpound, a
badn get appthanaspedotirp prasent inyeatian isoditasteddop agthpd for reducing the

10 formation of deposits in an internal combustion engine which comprises operating the engine
with a lubricating oil containing the reaction product of an acidic organic compound, a boron
compound, and a basic organic compound in an amount effective to reduce the friction.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
This invention relates to lubricant or fuel compositions, especially lubricant

15 compositions, comprising an additive comprising boron, which provides improved
detergency and oxidation stability in an internal combustion engine oil. The lubricant
composition comprises (a) a major amount of a lubricant, e.g., lubricating oil and (b) a minor
amount of an additive that is the reaction product of an acidic organic compound, a basic
organic compound, and a boron compound.

20
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20 5 WD 2005/ 073352 PCT/ US2005/ 003112 0164-PA The

Aci di ¢ Organi ¢ Conpounds The aci di ¢ organi ¢ conpounds
weepsoyBss2 in the practice of the present invenP@DIS2005/003112

i nclude, but are not limted to, alkyl substituted

salicylic acids, di-substituted salicylic acids, oi
0164PlAubl e hydroxy carboxylic acids, salicylic acid

cal i xarenes, sulfur-containing calixarenes, 5 and the

acidic structures disclosed in U S. Patent Nos.

2,933,520; 3,038, ; . : 4 537;
4,828, 733; 6, 310, ﬁ?Acﬁdlé?}ggﬂi@ Cqﬁ%& 78; 5, 356, 546;
an 5,458, 793.. The su stlt C
g peidic ek cohegins employ @tﬁ ARSI - inegion

conner0|ally avai |l abl e or na repared by neth

inclydeobwt areyngtd migd; to, fékkj subgtitge pﬁp@ﬁ@ aciflyp dl-glhggglteﬁmlxcyllc acids,
These salicylic acids are of the fornula: 10 H COOH

oil seRbjechytifoxytvarteixplichcids saiclylicdrod aalbsarengs culfur-gongdiringlohlyxarenes,
of from1 to 30 carbon atons, and a is an integer of

and theQkide stileaires disdlSsed.in UM Fateng NObII23938, 520, BOSROBSIEN1I3y944;
selected, i.e., they may be the sanme or different. As

3,47?'5?‘704! QQ%??J" &0, dlhes é@f 326; 25%’?@' 698! Y6, 546nsﬁdisi¢§8 793.

r'ocar gon as wel ’substanti al Ty hydfocar’bon

g TR R S o

aIt r..the predom nant| nat re of the
comg}egg%lly avallable or may epre%ared%y met o S ownL{nt e art, e.g., U.S. Patent

No. 5,023,366. These salicylic acids are of the formula:

H
COOH

R",

wherein R' is a hydrocarbyl group, preferably of from 1 to 30 carbon atoms, and a is an
integer of 1 or 2. Where a is 2, the R' groups are independently selected, i.e., they may be
the same or different.

As employed herein, the term "hydrocarbyl" includes hydrocarbon as well as
substantially hydrocarbon groups. "Substantially hydrocarbon" describes groups that contain

heteroatom substituents that do not alter the predominantly hydrocarbon nature of the group.
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6 WD 2005/ 073352 PCT/ US2005/ 003112 0164- PA Exanpl es

of hydrocarbyl groups include the follow ng: (1)
whyasotasbon substituents, i.e., aliphatic (e.PCT/USI0RY03112

or al kenyl), alicyclic (e.g., cycloalkyl,

cycl oal kenyl ) substituents, aromatic substituents,
016atPAeti c-, aliphatic-, and alicyclic-substituted

aromatic substituents, and the like, as well as cyclic

substituents wherein 5 the ring is conpleted through

an ol ! ( . 1s, for exanple,

an§E %L\?\ﬁop l@sl CE]fIJ{lygg)tcglf ylsé} g)gﬁgl)ltng@ﬁ% glen%@a%lg et her for mngn

al i lic radical); (2). suhstituted rogarbaon .. .

o by s B5n fubidivediih co aDRbasiete el REFRDRY, Wipvriine e,

hydr ocar bon groups which, in the context of this
cycloalkyhcyelpalkeny nabstinents, argmaatisrsuligihenin aromatiey dliphaticosnd

nature of the substituent; those skilled in the art
alicylid-substitatedracorndticsumbktitgerdspad thedikeecagwell hadyslic bytdtibents wherein

nmercapto, nitro, nitroso, sulfoxy, etc.); (3)
the gk ¢ M6 tHSHEH 4HHeS poitiof of tHeuRGlEd1¢I@RALSs, fBBéxawipld, any two

whi'l e having a predom nantly hydrocarbon character

indx‘g%l{?g isﬁbs?iﬂ%n{:s%@gﬁgketﬂér fohth Sn LR4RNE kRfalycONt @i N an at om

1er than car present in‘a ring or chain
ot her wi,s 0 sed .of carbon.ato €., . koxy. or
ol 1) PR BAR R REERLE b e bobf Ry S B Ring on-
h ¢ . . . .

hydtégggﬁ%n&ro% g\lflﬁcﬁmr, ){%a{(w;lé:lglﬂte;(ﬂ?f{tpig élgxg?tntigggiol ng lﬁllfledrethe If)r%(rionlnsnantly

substituents as, e.g., pyri dz.l , furyl, thienyl,
hydrorathenalaure ofthe sulptigseat; dbxsg skiled irpthe artivaH bgispiare of such groups

nore preferably no nore than one, hetero substituent
(e.gwiHalo, hedrpry amertapt@mitew,erityosoesulfoay jma);at ons i n t he

hydrocarbyl group. Mst preferably, there will be no

suclh) hateaeal aibsatest) Ldlanbgithdhtd thet Witld vddahiihg 8 pRdBminantly

i.e., the hydrocarbyl group is purely hydrocar%on. 20
hydrocarbon character within the context of this invention, contain an atom other than carbon
present in a ring or chain otherwise composed of carbon atoms (e.g., alkoxy or alkylthio).
Suitable heteroatoms will be apparent to those of ordinary skill in the art and include, for
example, sulfur, oxygen, nitrogen, and such substituents as, e.g., pyridyl, furyl, thienyl,
imidazolyl, etc. Preferably, no more than about 2, more preferably no more than one, hetero
substituent will be present for every ten carbon atoms in the hydrocarbyl group. Most

preferably, there will be no such heteroatom substituents in the hydrocarbyl group, i.e., the

hydrocarbyl group is purely hydrocarbon.
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7 WO 2005/ 073352 PCT/ US2005/ 003112 0164-PA In the
formul a descri bed above, R is hydrocarbyl. Exanples
w@booR07338z| ude, but are not limted to, unsubBCT/US100E003112

phenyl ; phenyl substituted with one or nore al kyl

groups, such as nethyl, ethyl, propyl, butyl, 5

016480t yl , hexyl, heptyl, octyl, nonyl, decyl, isoners of

the foregoing, and the like; phenyl substituted with

one or nore al koxy groups, such as net hoxy, ethoxy,

! R RPN B s At bt

|'i ke; phenyl substituted with one or nore alkyl am no
not lighitedtgsl anino groups; 10 naphthyl and al kyl
substituted naphthyl; straight chain or branched chain
al vnglibstituted glemyl; gr oups containing fromone to fifty
carbon atons, including, but not limted to, nethyl,

etghehyl shbaitited wWithtale or poné ykyl drexpsl suchepimethyl, eviey ypropyl, butyl,
nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl,

pent}@,%g(%j ﬁﬁ?ﬂ'l’ o&?lx ﬁgﬁqy (lle-c 4 i—’s@hﬁfjﬁﬁ%he forég‘éh%d 86/ the 1REEY!

el cosyl’, henelcosyl docosyl, tricosyl,

t et OS%X titut{gg Wﬁc %36& mol'%5 al%ka%r%Pé‘sy Isuch 215 methoxr}'éetho po

r'i-acon racon c¢ont 1'SO

e fore oin and the | i and cyclic alk r
PropQNls BUSLY FPRIOR I REgR: NEBIOR sty Sorky clekesty fSome R
cyclooctyl, and cyclododecyl. It will be noted that
foregpingsendsthe likgi i ¢ aci d derivatives can be either
nmonosubstituted or 20 disubstituted, i.e., when a in
t hghehylrsubstituted wathsont oo mage alkplsameiot oy atyl/amino groups;

naphthyl and alkyl substituted naphthyl;

straight chain or branched chain alkyl or alkenyl groups containing from one to fifty
carbon atoms, including, but not limited to, methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl,
octadecyl, oleyl, nonadecyl, eicosyl, heneicosyl, docosyl, tricosyl, tetracosyl, pentacosyl,
triacontyl, pentatriacontyl, tetracontyl, pentacontyl, isofners of the foregoing, and the like;
and

cyclic alkyl groups, such as cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, and
cyclododecyl.

It will be noted that these salicylic acid derivatives can be either monosubstituted or

disubstituted, i.e., when a in the formula equals 1 or 2, respectively.



8 WO 2005/ 073352 PCT/ US2005/ 003112 0164-PA Salicylic

acid cal i xarenes, for exanple those described in U S.
w@adoent33sp. 6, 200, 936, the di scl osure of whi chCT/BS2005/003112

i ncorporated herein by reference in its entirety, can

be used as the acid conpounds of the present
o164psention. Such calixarenes include, but are not

limted to, 5 cyclic conmpounds conprising munits of

formula (la): y Rs )i HO 10 COOR and n units of

formula (Ib): R 'y 15 R4/ R2Z R3 joined together to

forma ring, wherein each Yis a divalent bridging

group which may be t r djff eac
dniSalicpk @lwwargﬁes&?wxa@n@ﬁosa egeribgd g B)GW"hNBr&;ZOO 936,
R5 is Hor an 20 alkyl group of 1 to 60 carbon at ons;
the disclojure of whish ipinc®poratediyesein Gu mefer@neg/mrlg@ampyy cap bgused as the
het er o- substituted hydrocarbyl group; either R is
acidyotiipoxidsefthdgreaeid iléndore Surtiepbxatentslinclude, W are not limited to,
2005/ 073352 PCT/ US2005/ 003112

5 cyclic compounds comprising m units of formula (Ia):
*
* !
R"),
HO
10 COOR’

and n units of formula (Ib):

15

£
(]

joined together to form a ring, wherein each Y is a divalent bridging group which may be the
same or different in each unit; R® is H or an alky! group of 1 to 6 carbon atoms; R* is H or an
20 alkyl group of 1 to 60 carbon atoms; and j is 1 or 2; R? is hydrogen, a hydrocarbyl or a

hetero-substituted hydrocarbyl group; either R' is hydroxy and R? and R* are independently
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0164- PA ei t her hydrogen, hydrocarbyl or
het er o- substituted hydrocarbyl, or R2 and R4 are
whyasoxss2 and R is either hydrogen, hydrocarbyl/us105/003112
het er o- substituted hydrocarbyl; mis froml to 8; n
is at least 3, and m+ nis 4 to 20. Wen nore than
016499 salicylic acid unit is present in the ring (i.e.,
nkl), the salicylic 5 acid units (formula (la)) and
phenol units (formula (lby) are distributed randomy,
.. al t hough hi not C R YNE S
cithef pydiGHE pydrioylF Bl By ioCuBPE SR, Hdd RE P Rbarony
nits joined t ther in. a row h Y 1ma o )
and R o 6igsr o diogs é'scgmﬂla?ao-sgbsgﬁ@edr Wby i o 8
which R6 is either hydrogen or hydrocarbyl and d is
is at lgasti3nerdyert D €9 305 at | east 1. In one enbodi ment, R6
10 contains 1 to 6 carbon atons, and in one enbodi ment
i t Wihen freiré1jHan ohe salivglieadid dnitrisrpresedt inghé ringr(ile.,tno> 1, thy salicylic
may optionally be sulfur rather than (CHR6)d in up to
acid afb (‘P(ﬁﬂﬂdl‘@(l!(a?') lah® phenal initst(Ranuld @3 aRutiétribited tintlomly, although
incorporated in the nolecule is up to 50 nole % In
vis G po TR TRl DUl B i SRS
ee. 15 For conveni ence, these conpounds are

) I fur-f
umtsi%wgﬁqgg efglfae'ipfved to as "S?.| i xarenes" and their
R TR E oW e

ei ther hydrogen, hydrocarbyl or hetero-substituted 6
eithehfrgtiroger dnHydrorarbykangi d isen intpzar sduetoiyiat lspstHetle pae embodiment, R

substituted hydrocarbyl; Ris H R5 is an al kyl group
contdifis Btd & c&rBorc atoheamitinwae epbedimeatit ys rethyl. 20 od@ermbodiment, d is

atons, nore preferably 6 to 25 carbon atons; and m+ n

fromNa® 2 Y lay@pfbnaly Je@alhr father thaf{€HRY), yn @b td 3086 bf the units, such
nore preférably at |least 8 where mis | or 2.

that fRE ahRLAL Hsul i%@or‘?)orageg in the molecule is up to 50 mole %. In one

embodiment, the amount of sulfur is between 8 and 20 mole %, and in one embodiment the
compound is sulfur-free.

For convenience, these compounds are sometimes referred to as "salixarenes" and
their metal salts as "salixarates".

In one embodiment, Y is CH, ; R! is hydroxyl; R? and R* are independently either
hydrogen, hydrocarbyl or hetero-substituted hydrocarbyl; R? is either hydrocarbyl or hetero-
substituted hydrocarbyl; R? is H; R? is an alkyl group of 6 to 50 carbon atoms, preferably 4 to
40 carbon atoms, more preferably 6 to 25 carbon atoms; and m + n has a value of at least 5,

preferably at least 6, more preferably at least 8, where m is 1 or 2. Preferably, mis .

10
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WD 2005/ 073352 PCT/ US2005/ 003112 0164- PA I n anot her
enbodi nent, RZ and R4 are hydrogen; R3 is hydrocarbyl,
weemserabl y al kyl of greater than 4 carbon atpPoEUSI005/@3112
preferably greater than 9 carbon atons; R5 is
hydrogen; m+ nis from6 to 12; and mis 1 or 2. For
016d-PAEVi ew of calixarenes, see Mnographs in
Supr anol ecul ar Chenmistry by C. 5 David Gutsche,
Series Editor- J Fraser St oddart, published by the
Ro C|et & ]
A bR Etodem Ry défﬁo%% S5, KoL RIS Bty
honncall ar enes, oxacall nes, Q ar enes. _
of SHGHPY AP TN AP SrRTe PESTARED SEGHAT I 5 GRTEH § B gl hydrogens
for exanple those descrlbed in US Patent No.
m +8) 3®nBO K 1Z;adan iscll @ire of which is incorporated
herein by reference in its entirety, can also 10 be
us eRdr asevtiove oficalikaccmey cendonadrapheinupsemtleduwnrdthenasiry by C.
Such cal i xarenes include, but are not limted to,
Dav‘?d’Gﬁ%HHéj SefiGPE@ESRI Bfsdn\StdddartUpiblishdd by thd Rokal S6cidifoRZ
20 11 WO 2005/ 073352 PCT/ US2005/°003112 0164- PA

Che\‘}ln?t[ye '1@89 n nga'i’é'He?h&\ll#lg ast éhEJreﬁt 1HiaYéXy® Bloup ok gﬂiuBchlude

east one o0 I ddi ng "groups bein
honfm%' {ng&ergsm% TS HOnRE " x%ge@y&d%%@efr@eahlx%s&p

Sulfur-containing calixarenes, for example those described in U.S. Patent No.
6,268,320, the disclosure of which is incorporated herein by reference in its entirety, can also
be used as the acid compounds of the present invention. Such calixarenes include, but are

not limited to, compounds represented by formula (II):

11
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R4 are independently either hydrogen or hydrocarbyl,

or R2 and R4 are hydroxyl and R is either hydrogen
w@eoospdizerar byl ; and n is a nunber having a vaPCEUS005003112

least 4. 5 1In formula (I1), Y is a divalent bridging

group or a sulfur atomw th the proviso that at | east
0169/P Y group is a sulfur atom The divalent bridging

group, when not a sulfur atom can be a dival ent

hydr ocar bon group or dival ent hetero-substituted

hydr ocar b rou f 1 10. g 1. -
whegia s PR R o et Righibe SHE A1y 3P of AR blififle groups
. heterpoatons_can be -0-, -NH, aor -S..n is.an integer,,,
beingipul oy BPERR 3 Miosen i iorarhyl srayeicer B iRyl fhd R and
from4 to 10 12, nore preferably, 4 to 8. In one L
R* aperindependently cither hysireges ashydnearylgproRipanddy are hydrgxyl and R is
atons, in another enbodinent n-3 to n-10 of the Y
eitherr I9/dpsgen e hgdibéarbylasraimsis aamehbienhavingha value efiddelistrént
one of the Y groups is a sulfur atom Preferably, the
angyémffla @B YU§ a divafeat Bl@dg?ﬁ%g’rohﬁ ot fsulfitlatondvgthehé proviso that at
between 5 and 50 nole % such that between 5 and 50%

0] : & { .

e ot VSl Qo OTRUURh] B SRS gl fom, cn
2 le % In one enbadi when .Y

ve iy diogaoR Bup O R herrl Bl L pedtpfibloth of 110 18
formula (CHRG)d .in which R6 is either hdroe%pra

carhopaiesenahy In ypisiRsred smbgdiment ] to; AT T hehefgroatoms can be
| east one. R6 is preferably a hydrocarbyl group group

-0-piNH-, bo-St8ndambimtegenthantypicatty kespruafusrafisl least s, prgf@ably from 4 to
carbon atons. Exanples include nethyl, ethyl, propyl,

12, ik preferdblpenioyd. , Inbax yinbodisehty h;2 toai-§ bf thedhgloupsizre yhifur atoms,
undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,

in aREHBASEBIdimBRRLREEEN D of ARIYAPREYY areisBIBFRItSM S and vea third
foregoing, and the like. Preferably, dis 12 WO

emtARRbA 7@2}%3% gxgﬁcg/ %&’é@g Qgé Aagt %%m.%ﬁ?%,gﬁ?@la%ﬁt%f 3ulfur

nor e pt and nost pre is 1.

incoArSpor%teefdli'H (fahde Gahxarene 1Is rl])%tvse%trl Pand 50 mole %, such that between 5 and 50% of

the groups Y in formula (II) are sulfur atoms. More preferably, the amount of sulfur is
between 8 and 20 mole %.

In one embodiment, when Y is not a sulfur atom, it is a divalent group represented by
the formula (CHR®), in which R® is either hydrogen or a hydrocarbyl group and d is an
integer that is at least one. R is preferably a hydrocarbyl group group of 1 to 18 carbon
atoms, more preferably, 1 to 6 carbon atoms. Examples include methyl, ethyl, propyl, butyl,
pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,

hexadecyl, heptadecyl, octadecyl, isomers or the foregoing, and the like. Preferably, d is

12
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“hydrocar byl groups” includes hetero-substituted
hydr ocar byl groups, and are preferably those in which
wo bmshetssr oat om typically -0-, -NH, or -S-, PCT/US2005/003112
interrupts a chain of carbon atons, an exanple being
an al koxy-al kyl group of 2 to 20 carbons. 5 R3 is
01649 0ogen or a hydrocarbyl group, which nmay be derived
roma polyolefin, for exanple polyethylene,
pol ypr opyl ene, pol ybutyl ene, or polyisobutyl ene, or a

rorR 2L B B REL L e e Bl o g e

dodecyl and octadecyl . tergatonms, if present, ca
"hycigeArhy 5e0upg. e heidgp-so btuteg B Ory Y GG 457 Biggebly
preferably have 1 to 20 carbon atons, nore preferablﬁ,
thost i whhahe haeroatoontypicably EOt,hRH-Ror -Bs imfgrmpss ¢ichain@f mperbon atoms,
and R4 are independently either hydrogen or
anehﬂtﬂﬁl@%@fr@dn,allexyRZk}ngbuBlbfarte 20yabony| and R is
ei t her hydrogen or hydrocarbyl. In one enbodinent, R

ih ; Air'xgﬁﬁgsgbn JR3 138 BbyPEBup WeHiehk by batekived fidin @ipblyelefin, for

ogeh of hydrocarbyl " in the fornula (11) and the
. . . |
exaffBlesb ek e 8565, BAERSIend, o8 pUNBGRIeRY, o FRin

copelyinge it e See/RpEYIe Spebmey - ERRap I BER; ipgll dodecyl
Yis either sulfur or (CRR)e, where either orne of R
and geigdeeyl.i Heterppinmsy Hipressat. eHLABHRS -Q-s-WuPbyen 1dese hydrocarbyl
hydrocarbyl; R2 and R4 are independently either
groupsgrefgeblydravey do 2¢ earbgn atoRB, ingreprelfietbly, byd 6 carbiog agyms.
and e is at least 1, preferably I to 4, nore
pr efithenR! 16 hydroxy fiideR’adkd)R* aRRindeysbnBéntBredthbiylrdogen oand
R3 is hydrocarbyl, preferably alkyl of 20 greater than

P el Yy @R Al K ha8ither h orafyarRRbyl. I
‘Wdé?éa g?r?hgﬁﬁﬁzagaybgnﬂatons; 13rV@?g%%5/0¥3352 Y1 In one

ST TSR AT BT R 8 S i

hydPorcgltb()ez{ f’jrl)thé/ formula (II) and the calixarene is a resorcinarene. The hydrocarbyl groups

- preferably have 1 to 24 carbon atoms, more preferably 1 to 12 carbon atoms. The

heteroatoms, when present, can be -O-, -NH-, or -S-.

In one embodiment, Y is either sulfur or (CR’R®),, where either one of R’ and R® is
hydrogen and the other is hydrogen or hydrocarbyl; R* and R* are independently either
hydrogen or hydrocarbyl, R? is hydrocarbyl; n is 6; and ¢ is at least 1, preferably 1 to 4, more
preferably, 1. Preferably, R? and R* are hydrogen and R’ is hydrocarbyl, preferably alkyl of

greater than 4, more preferably greater than 9, most preferably greater than 12 carbon atoms;

13



hydr ogen. The foregoi ng sul fur-containing calixarenes
typically have a nol ecul ar wei ght bel ow 1880.
woe@serabt y, the nol ecul ar wei ght of the PCT/US2005/003112
sul fur-containing calixarene is from460 to 5 1870,
nore preferably from460 to 1800, nost preferably 460
0164PA 750. Acids described in U S. Patent Nos.
2,933,520; 3,038,935; 3,133,944; 3,471,537,
4,828, 733; 5, 281, 346; 5, 336, 278; 5, 356, 546; 5, 458, 793;

3105 0: '
and 8 P RSHER O ol S AP BB AN P38y, prtray
can al so be used as the acid conpounds of the present
hydrqgsBnti on. 10 More specifically, such acids incl ude
but are not linmited to, conpounds of the fornula
(1 Thqdomgo@g,qplf@-pop@egmmlxq@emp@ilﬁ haye 3 glolecular wexght below
hydrocar bon or hal ogen, R2 is hydrocarbon, Ar is
1886 u Psdferablyettie mrolemudarvetight of e sunryéantdisiog ahliwmds: frdm 460 to
simlar to these include 3,5,3 ,5 -tetra-substituted

5 1874, thore phefeyByorymeio Yo 1860, hﬂ%bl}brb&raﬂﬁym todgisds of the
formul a 14 2005/ 073352 PCT/ US2005/ 003112 0164- PA X
OH LH® described in U.S. Patent Nos. 2,933,520; 3,038,935; 3,133,944; 3,471,537,
4,828,733; 5,281,346, 5,336,278, 5,356,546, 5,458,793; and 6,310,011, the disclosures of

which are incorporated herein by reference in their entirety, can also be used as the acid

compounds of the present invention.

10 More specifically, such acids include, but are not limited to, compounds of the
formula:
I|{1
HO—Ar—?—Ar—OH
I
COOH
15

wherein R, is hydrocarbon or halogen, R, is hydrocarbon, Ar is substituted or unsubstituted
aryl. Useful compounds similar to these include 3,5,3',5'-tetra-substituted 4,4'-

dihydroxymethyl carboxylic acids, acids of the formula

14
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X1 x R 5x X X Xwhherein X and X are independently
sel ected fromthe group consisting of hydrogen,
wagasotasbyl , hal ogen, R is polynethyl ene or brerchmds/o03112
or unbranched al kylene, and x is O or 1, i.e., when X
zero, Ris absent, and when x is 1, Ris present,
0164'?1‘6‘ i s hydrogen or 10 hydrocarbyl. The acids and
salts described in U S. Patent Nos. 5,281, 346;
5, 336, 278; 5, 356, 546; 5, 458,793; and 6,310,011 are
simlar to the above and are al so contenpl ated for use

in the practice of the pr % invention, as are
t hose of the forgula RIOH1§ i3 &i \'/ OH OK 4
R2

R 2 wherein R, ang ar e drogen, Mydrocarbyl groups
containing 1 to 1§ ns tertiary al kyl or
aral kyl groups c hon at ons ( but

both R and
i ndependent |y sel )
hydr ogen, hydrocg gr oups, groups, and

cycl oal kyl group¥, andX = 0 X0 24. X5 WD 2005/ 073352
PCT/ US2005/ 003112 0164-PA

wherein X and X' are independently selected from the group consisting of hydrogen,
hydrocarbyl, halogen, R is polymethylene or branched or unbranched alkylene, and x is 0 or
1, i.e., when x is zero, R is absent, and when x is 1, R is present, and R' is hydrogen or
hydrocarbyl.

The acids and salts described in U.S. Patent Nos. 5,281,346; 5,336,278; 5,356,546;
5,458,793; and 6,310,011 are similar to the above and are also contemplated for use in the

practice of the present invention, as are those of the formula

HO R —
\C ls OH
\ )
// I N/
(@) R4
L —x R

2
wherein R, and R, are hydrogen, hydrocarbyl groups containing 1 to 18 carbon atoms, or
tertiary alkyl or aralkyl groups containing 4 to 8 carbon atoms (but both R, and R, cannot be
hydrogen) R; and R, are independently selected from the group consisting of hydrogen,

hydrocarbyl groups, aralkyl groups, and cycloalkyl groups, and x = 0 to 24.
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O | sol uble hydroxy carboxylic acids including, but
not limted to, 12-hydroxy stearic acid, alpha
whyasoxssrar boxyl i ¢ aci ds and the |i ke can al sBCD®ES2005/003112

enpl oyed as the acidic conmpound of the present

i nvention. The Basic Organi c Conpounds 5 As noted
0164a00ve, the basic organic conpound enployed in the

practice of the present invention is preferably an

organlc nitrogen base conpound such as an one

(ﬁ{]} lgﬁl)g%garow g?rtg)%ég)b% @lxncﬁ\écp élyﬁ?t l%ﬁ{?et{gapi-}{@{;xy stearic
droxy al kyl im dazolines, N-al kox al k
amd, elphaky wh@@bomw acgds pad &wlkswwg/ﬁlsg iqyri%és the acidic;
heterocyclics that are within the scope of the
componné nf the prasemtlinvkmtiobut are not limited to, 10
pyrrolidines, piperidines, imdazolidines,
pyrazolidines, anﬁthaﬁvﬂhgamh(hﬁnpwuhﬂse, car bazol e,
qui noline, and the |like. Both water sol uble and oi
SoAyRied MdiRNBEL BE;E Gli‘g-anﬂc REmpdhmbemfleyadmthEpractice of the present
al kanol am nes, such as those described in LFS Pat ent

mverH%E rg?e%ab )Zgn 8’%%9%% t?c?geﬁ %aseegﬁg\&out?&’ GhclR We' c%gmrlsmg an N-

Ian1n redcting a su

th hl d
hydrQ o) Fesets e PR HL SR AR R Bl s
am ne used as a reactant is selected fromprinmry
hydrexyi g imidagatinee Nwbiors kv hinidazalings ap Ny drgsgralof piperazines.

atons and N-aliphatic pol yam nes i ncl udi nge
OtheNheitriopyclits hatiaravithon thespepeay theinwention inclhde, Hukare not limited to,
contains at |east 12 carbon atonms and N-aliphatic

pyrroidineb, gl dads Nig dazdtidink ) pgtazolidifésa phdddrivianessof indole, carbazole,
- pent anes, -hexanes, and the like in which the

quin@lid'e]%t}ﬁitthg 1iRE, oﬂ@th("v@efié&bﬁl‘%lé 4rfd'il %ﬂ@alﬁ%&ﬂﬁﬁ@@ 1ﬁ’dlﬁtﬁﬁg

20 16 WD 2005/ 073352 PCT/ US2005/ 003112 0164-

polymeric alkanolamines, such as those described in U.S. Patent No. 3,692,680, can also be
used. Such polymeric alkanolamines can be prepared by reacting a suitable amine with an
epichlorohydrin compound. U.S. Patent No. 3,189,652 discloses such a reaction wherein the
amine used as a reactant is selected from primary aliphatic amines containing from 12 to 40
carbon atoms and N-aliphatic polyamines including N-alkyl-1,3-diamino-propanes in which
the alkyl contains at least 12 carbon atoms and N-aliphatic ethylenediamines, N-aliphatic

diaminobutanes, -pentanes, -hexanes, and the like in which the aliphatic group contains from

12 to 40 carbon atoms.
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15

O her organic nitrogen base conpounds that are useful

in the practice of the present invention include, but
wae@snmssti i mted to, those disclosed in U S PetBO82005/003112

Nos. 3, 446,808; 3,673,186; 3,787,416; the disclosures

of which are incorporated herein by reference in their
0168/HA rety. Such conpounds include, for exanple,

N- hydr oxyal kyl - pi perazi nes, N 5 hydroxyal kyl - N -al kyl

pi perazi nes, N-hydroxyal kyl -N -cycl oal kyl - pi perazi nes,

ﬁ L@ﬁ%{)‘g%gé]%:%léﬁo%\!} %?aflcg %@ﬁ%‘f&i q‘ﬁag )r% aéﬁ%lsr ﬁ%rg {rhire] %?agitirc]ee gf the present
N- -N -al. : :
Qg By R e RS SR A ARG PR RRpr aceo 808

N- hydr oxyal kyl - pi peri di nes, N hydroxyal kyl -N -al kyl - | .
3,673p1 8623 BV 4l Gighe disclosures of which are incorporated herein by reference in their
N- hydr oxyal kyl - N - cycl oal kyl -i m dazol i di nes,
entifdt ySiobepalpbyhdspycindd, ifch axample) N-hydroxyalkyl-piperazines, N-
N- hydr oxyal kyl - pyrazol i di ne,

hydROX RV IOXY Ak Wi pdi A RORMNBRskyalkel-Ri-cjicl dalid®lpgperazines, N-
4 Myd?oxyal MP hydr ogg%gt eg 1,?2, 4,}fct riazol e,

ONY, ; iRes N0 el yl -
O S S A
ui,nol i.ne,. N- roxyal.kyl = ogenat ed. acri di '
hex QSR R ARy N R SR el R ERERS gl SR rarpsatir -
hydr ocar by| - sat urated cycli c diazi nes, ,
cyciqpliybheasthidrapridarings B Bidtonpl Ok atsPdives Neprdrpeyallg-N-alkyl-
di azi nes, and N-al koxyal kyl - N' -hydrocar byl -saturated
imidazolidines Nalzy dnersyal k&Y -ey doalkd-imidetpbidiaeh N-hydspetalled-parelidine,
preferably sec-al kyl or cycloal kyl. 17 WO 2005/ 073352

N-hpdrok {RAGHT420Rdihe, N drbxPAkyllHey dRspeoate ©b2y0tmiabele] hehydroxyalkyl-
boron conmpound can, for exanple, be boric acid, a

hydtdgeAdtky I 2006 -81d, N-Nak Sty alkyEhy@beratediRdiIs NAhedok k-

conprise trom1 to 4 carbon atons each, alkyl boric
0 ! 1inBAHG dRKY Hkyl-
hydfgeled tatbeotle, N SRR ny BB AL e A R ey
hydrogenated acridine, N-hydroxyalkyl-hydrogenated phenazine, N-oxyalkyl-N'-
hydrocarbyl-saturated cyclic diazines, N-hydroxyalkyl-N'-hydrocarbyl-saturated cyclic

diazines, and N-alkoxyalkyl-N'-hydrocarbyl-saturated cyclic diazines, wherein the

hydrocarbyl moieties are preferably sec-alkyl or cycloalkyl.

17



10

15

20

5 di cycl oal kyl boric acid, diaryl boric acid, or
substitution products of these with al koxy, alkyl,
w@easor3dst kyl groups, and the like. Boric aci dP¢BUS2005/003112
preferred. The reaction of the boron conmpound with the
aci di c and basic conmpounds of the present invention
0165PA be effected in any suitable manner. In one nethod
t he aci di c conpound and boron conpound are refluxed in
presence of 10 suitable solvents i ncl udi ng napht ha
and pol ar sol vents s er an nethanol. After
sufficient tinme the ‘"38 &UHH' Fssol ves wher eupon
t he_am ni c conpound i s added o effect . .
neUthe Bponfompruadepns &rexampls. by L%refsqce ta@%&@ém in which the
Diluting oil can be added as needed to contro
alkyl gops peferabpprompridesfrony 1dodicatpon atasvedachfalled bode eeiddialkyl
distillation. An al cohol, including aliphatic and
boridaidRbdriz Alidebericacid boxﬁpl&E,rdyamaklyl barivcdcid)iang basc acid,
al i phatic and aromati c nercaptans, can be included in

dlcymﬁlkfyﬁs&dd R4, gth«'i\ilq;%nc ReRtl 6 fulstitalibPpratiiéts ofdhe@\WitE alkoxy, alkyl,
i ncl ude net hanol”, ethanol, propanol, butanol,

I h , nonanol ,
andlg é‘l‘kgf;ﬁows ecagclj & ?%gg@héﬁ IS}I%t ri gecanol :
adecanol ntadecanol .
hepR APt B BPIACORNd nOf Tt And bpsic compgunds of the

|soners t hereof , and the I|ke Preferred aromatic
presgnidayittionica b‘tj@fé‘é%ﬁéﬁ@m’ S@F*’é’i"o‘ln?m}@f/-l enol, and the

l'i ke. The al cohol or aromatic 20 phenol noiety may be

sulis bh¢ methodwhe dridit kompoupdamddoom compoahd @wyeémmdps presence of

Preferred nercaptans include butyl mercaptan, pentyl

suitdB¢ seléradincluding naphihe apd polar sudydn suok b apteaand méthaid. After
2005/ 073352 PCT/ US2005/ 003112 0164- PA octyl

suffilrdrt ARfedhe b(ﬂ'gmﬂ)mpﬁﬂﬁm&l\»es %@b@up&?ﬁﬁ%ﬂiﬁ@ coMBQ&Wﬂs added

nercaptan decyl nmercaptan, and the like, as wel

slovaﬁ &0 gf:f ocg 0 ﬁpaélizatsoh' a(?l‘arfgx‘cfx?z#ttotn 'dggﬁ%’ ci%iRgen nﬂﬂ{lttﬂr?g il gﬁr be added

ructures oO ergen ant 1 -oxi

i.tives of the prese i pvention
as nee ed to contro? v1scos?ty, particu arly during removal of solvents by distillation.

An alcohol, including aliphatic and aromatic alcohols, or a mercaptan, including
aliphatic and aromatic mercaptans, can be included in the reaction charge. Preferred aliphatic
alcohols include methanol, ethanol, propanol, butanol, pentanol, hexanol, heptanol, octanol,
nonanol, decanol, undecanol, dodecanol, tridecanol, tetradecanol, pentadecanol, hexadecanol,
heptadecanol, octadecanol, nonadecanol, eicosanol, isomers thereof, and the like. Preferred
aromatic alcohols include phenol, cresol, xylenol, and the like. The alcohol or aromatic
phenol moiety may be substituted with alkoxy groups or thioalkoxy groups. Preferred

mercaptans include butyl mercaptan, pentyl mercaptan, hexyl mercaptan, heptyl mercaptan,

18



are not fully understood. However, in one preferred
enbodi nent, in which a Cl6 alkyl 5 salicylic acid was
wo e@shedsmi t h hydroxyet hyl ol ei c i m dazol i ne (P@I/US2005/003112
commerci al product) and boric acid, mass
spectronetric analysis indicated that the structure of
o164liga r eaction product was: 0 H33Cl6 10 ON I I I 0/
0 N C17H33 Wien a C16 dial kyl salicylic acid was
enpl oyed in the reaction, the analysis indicated 15

oc I?neeé%%gfgva %?n?ﬁ%&%g%%ﬁ,ﬁggﬂ%%&ag B‘!)degf'l rQercaptan,

PCT/ US2005/ 003112 0164- PA Those skilled . ip the art
and\thq like, gg well a8 Hrephspel, thiegresoh dhipyyleRy; ?’@ thellke to the
following generalized structural formula for this . .
parThequease simpobices afthe datergent ¢ enti-oxidapaddyiyes of the present invention
are not fully understood. However, in one preferred embodiment, in which a C,4 alkyl

5 salicylic acid was reacted with hydroxyethyl oleic imidazoline ( a commercial product) and

boric acid, mass spectrometric analysis indicated that the structure of the reaction product

was:
O
HSSC‘IG
0 N
10 | /
PR
0 o} \
C17H33
When a C, dialkyl salicylic acid was employed in the reaction, the analysis indicated
15 the following structural formula:
0
H3SC1B
T I
AN NO
0 o} K
20
CieHas Ci7Has
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O 50N O ONR2 wherein R is preferably a

hydr ocar byl group, preferably alkyl, of, preferably,
wo e@sn?33sn 50 10 carbon atons, nore preferabl pC/RS1005/003112

30 carbon atons, nost preferably 14 to 18 carbon

atons, a is an integer of 1 or 2 (where ais 2, the R
0168'pAUPs are independently selected, i.e., they may be

the sane or different), and R2 is an independently

sel ect ed hydrocarbyl group, preferably alkyl or

al kenyl ... f Ly . fr .

or are Ly e i b s G RE PG o MDY owing

to, 18 carbon _ato 5 Cearly, the_.yse of ternative
sensspliAec GO Soa for 18 FRBE ptjsmect BE YR Prigenf my B4R o

di fferent, but anal ogous, structures that are within

the scope of the present invention. The additives of

the present inventionpare especially useful as

conmponents in many different lubricating oil and fue

conpositions. The additives can be included in a

vari ety of RSN Ity i cating viscqgsd i ncl udi ng

nat ural and ic lu icating oils fnd xtures 20
t hereof. Theladditives c be includedin
| ubricating f'ls//o spaf '8 i

nkcase

conpression-fgnited i 7t er nal ®conbusti on eﬁéin
conposi tions, can also be used in gas 20 WO
2005/ 07335 bCT/USZOOS/OOBllZ 0164- PA engi ne
| ubricants, turbine lubricants, automatic transm ssion
fluids, gear lubricants, conpressor |ubricants

wherein® ' isvpreferaty k bisdioearhylsgrowsy areferably afkyliofspreterablys dieay 1 to 50
| ubricating oil and grease conpositions. The

cart@iiditdrhs @sore prefahbly 18eo A6 earbom atvotspmosteé ferablypbktot li8aashon

The

atoms, a is an integer of 1 or 2 (where a is 2, the R’ groups are independently selected, i.c.,
they may be the same or different), and R? is an independently selected hydrocarbyl group,
preferably alkyl or alkenyl, preferably of from 1 to 50 carbon atoms, more preferably 12 to
30 carbon atoms, most preferably 14 to 18 carbon atoms.

Clearly, the use of alternative starting materials, as described above, will lead to
different, but analogous, structures that are within the scope of the present invention.

The additives of the present invention are especially useful as components in many
different lubricating oil and fuel compositions. The additives can be included in a variety of
oils with lubricating viscosity including natural and synthetic lubricating oils and mixtures
thereof. The additives can be included in crankcase lubricating oils for spark-ignited and

compression-ignited internal combustion engines. The compositions can also be used in gas
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It is preferred that the conpositions of the present
i nvention be included in the oil, 5 fuel, or grease
WO mos/ozserentrati on in the range of from aboutPOr/032008003112
about 15 wt% Use with Qther Additives The additives
of this invention can be used as either a partial or
0168®!| ete replacenent for a detergent currently used.
They can al so be used in conbination with other
| ubricant additives typically found in fuels and

engfeﬁgih?r;ric%és,s‘turb?h@fﬁbﬁ&ﬂg, ARRIAAL trinsnfiRibn YERE, AIEMbRicants)

reme pressure agents, corrosion/rust |nh|bitors,
confRbL R0 BB ATy S DGO TR G5 1058hng o

and gEppe SBP oS kst iso bpisd ptuh fighcompositons.
5,498,809 for a description of wuseful lubricating oil .
corpisgirefeed tdtitheicompositions ofithecpresant nventioghecincliuded in the oil,
i ncorporated herein by reference inits entirety. 15

fuelE¥BgpAse 3n akonlicapaticrinttse fangd oftfeorp abyutdohiutoydbentel 5 wi%.
succi ni m des, polyisobutylene succinate esters,

Manni ch Base ashl essysd wRG'Oder Addangst he | i ke.
Exanpl es of detergents include neutral and overbased

al kgl | iRerf ithet lof ethflete repl t
! 4 A P SIS Serif e repeemen
for ga%ﬁc rlt'lt;%r%ggg ﬁwmgg Ig%sal%_‘ %ﬁﬁ@{glﬁ Zri( éécg% ; g’tiénnv%ltﬁl gﬁler lubricant
phenyl enedi am nes, phenyl - a- napht hyl am ne, alkylated
addften ppicalln Spmeny Nisk 1 MEPREHSH SYCh 4 IRSTAHEcantt-wear agents
trimethyl di hydroqui nolines and ol igoneric conpositions
extréme pressurt agends, corrpsion/ neDinhiii Bt BEIdMET AuSTousIty friction
0164- PA hi ndered phenolics, alkylated hydroqui nones,
modifiersosed] avelagehispdinpiigifigts, ¥isbesity,Index (VI) improvers, metal passivators,
al kyl i denebi sphenol s, thiopropionates, netallic
andPobPpARPADRETEIRS » See, for example, U.S. Patent No. 5,498,809 for a description of
useful lubricating oil composition additives, the disclosure of which is incorporated herein by
reference in its entirety.

Examples of dispersants include polyisobutylene succinimides, polyisobutylene
succinate esters, Mannich Base ashless dispersants, and the like. Examples of detergents
include neutral and overbased alkali and alkaline earth metal salts of sulfonic acids
carboxylic acids, alkyl phenates and alkyl salicylic acids.

Examples of antioxidants include alkylated diphenylamines, N-alkylated
phenylenediamines, phenyl-a-naphthylamine, alkylated phenyl-«-naphthylamine, dimethyl

quinolines, trimethyldihydroquinolines and oligomeric compositions derived therefrom,
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1, 3, 4-di mer capt ot hi adi azol e and derivatives, oi

sol ubl e copper conpounds, and the like. The follow ng
wae@sexBapl ary of such additives and are comrepcCi/aki095/003112

avai |l abl e from5 Cronpton Corporation: Naugal ube(r)

438, Naugal ube 438L, Naugal ube 640, Naugal ube 635,
o16daugal ube 680, Naugal ube AMS, Naugal ube APAN, Naugard

PANA, Naugal ube TMQ, Naugal ube 531, Naugal ube 431,

Naugard(r) BHT, Naugal ube 403, and Naugal ube 420,

. anD . Nel s, . ant i - i1 t
ninGE R e B RS AR She S ot B phet P bR
t he present invention include organo-borates,
alkyé\t&ﬁ‘éﬁq’éipgﬁ?f%HF‘PB@P‘O&FB%B@E]%Bgﬁhg’f’%@?mﬁtreﬁani c
sul fur-containing conpounds, sulfurized ol efins, )
1,3 4ulimencaptethigdiazole andjdgrivtives.aail sphublg eappey ¢ympounds, and the like.
chl orinated paraffins, zinc dialkyl dithi ophosphat es,
ThezfoHowitigaire &xatintpiarg phi eshhadt#ves aphae pbroswtdiallyi aveiable from
hydr ocar bons, and the like. The follow ng are
CroWC%MraﬂBnﬁNﬁgalu%Q@M&mggﬂﬂe 3081, Naupalabd 640, Waugalube 635,
avai | ablle from The Lubri zol rporation: Lubrizol
1hri zol [ nZ ,
Nat@éﬁfrﬁlc 685, rﬁ@gtuﬁg l%l\%?,?%?ughfﬁgé ABQIN 29RiBard IO Iglau RHRTMO,

5139, and Lubrizol 5

a rs. l\es of efyii-£hHk.on A4 i e
NGRS 3L b By 8T 0 afies BT P daBe 461 53 NelfaitsF420, amone
conmpounds, nol ybdenum di al kyl di t hi ocar banat es,
othgfs| ybdenum di al kyl  di t hi ophosphat es, nol ybdenum
di sul fide, tri-nolybdenumcluster o ) .
di dFtapmlestdfiantiavdanadditives th caphe yeadfin combingere Witk the additives of
conmpounds and the like. The follow ng are exenpl ary of
the presént imebdltidn inetuda neganbdocaesyprganadphysphited, begahe-phospimtes, organic
R T. Vanderbilt Conpany, Inc.: Mlyvan A, 22 WD

sul O ARBANIPenAddSAA AR08 3k ids, sUlktrizddAatiph iy derivatives (esters),
Mol yvan 807, Mol yvan 856B, Mdlyvan 822, Ml yvan 855,

chIHTRE RAERAS ZintMalkyldithiophosphates, zinc diaryldithiophosphates,

phosphosulfurized hydrocarbons, and the like. The following are exemplary of such
additives and are commercially available from The Lubrizol Corporation: Lubrizol 677A,
Lubrizol 1095, Lubrizol 1097, Lubrizol 1360, Lubrizol 1395, Lubrizol 5139, and Lubrizol
5604, among others.

Examples of friction modifiers include fatty acid esters and amides, organo
molybdenum compounds, molybdenum dialkyldithiocarbamates, molybdenum dialkyl
dithiophosphates, molybdenum disulfide, tri-molybdenum cluster dialkyldithiocarbamates,
non-sulfur molybdenum compounds and the like. The following are exemplary of such

additives and are commercially available from R.T. Vanderbilt Company, Inc.: Molyvan A,
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follow ng are al so exenplary of such additives and are

comercially avail able from Asahi Denka Kogyo K K. :
WEAKERA3E1BE 100, SAKURA- LUBE 165, SAKURA- LUBEPGD0S$2005/003112

SAKURA- LUBE 310G SAKURA- LUBE 321, SAKURA- LUBE 474,

SAKURA- LUBE 5 600, SAKURA- LUBE 700, anong others. The
016494 owi ng are al so exenplary of such additives and

are commercially available from Akzo Nobel Chemnicals

GH Ketjen-Ox 77M Ketjen-Ox 77TS, anong others. An

exanpl f a i-fo ' [ WS ;

Mol RLE. HoBivaf Ba7 ol eSO, My B 2 AR s R B daioers. he
pol yol , benzotriazql e derjvatives, and the like. .

Foll Gy A Xempiary pf PYgAgIES kaTs cemBEAll BY3pjals fiamyAsahi
and di spersant olefin copolyners, and the like. An

Dendsz &mge KoK.: SAFIIRAJJ/BE 188p¥AKURA-LUBE 165, SAKURA-LUBE 300,
pol ynmet hacryl ate, and the like. Lubricant

SAKURPEE UBEB19GCSMKISR AHIAMBE 30heSAKUBA-EUBEA T4, SAKIERA-LUBE
additives, are typically blended into a.base oil in

60025 RKTFEA S WHE YR amolg offREY. tTHé&ﬁllé\bi@ig Qidales Excaipl@giof vech

to provide their normal attendant 15 functions.
AL S3E0) SR P9 PR i bl e i 0
TINpeREHT-ORB S BPRIENPEA Vel ght % V.| Improver 112

1-4 5 Corrosion Inhibitor 0,01-3 0.01-1.5 i datio

| nhhexasiple oban antpfogmant is polysilgyaneane the ke %’@P&Pﬁ@ of rust
inhibitors are polyoxyalkylene polyol, benzotriazole derivatives, and the like. Examples of
VI improvers include olefin copolymers and dispersant olefin copolymers, and the like. An
example of a pour point depressant is polymethacrylate, and the like.

Lubricant Compositions
Compositions, when they contain these additives, are typically blended into a base oil

in amounts such that the additives therein are effective to provide their normal attendant

functions. Representative effective amounts of such additives are illustrated in TABLE 1.
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25

Lube O |

I nhibitor 0.01-6

0.01-3 10 Pour

Fl ow I nprover 0.01-2 0.01-1.5 Detergent/ Rust
Poi nt

Depr essant

W®2®3413352 0. 01- 0. 5 Anti -foam ng Agents 0. 001- OPAT/US2005/003112
0.001-0.01 Anti-wear Agents 0.001-5 0.001-1.5 Seal

Swel | Agents 0. 1-
0164-FAL- 1. 5 15 Lubri
ot her additives a
al t hough not nece

8 0.1-4
cating Base O
re enpl oyed, it may
ssary, to

Friction Mddifiers 0.01-3
Bal ance Bal ance Wen

be desirabl e,

prepare additive

concentrates conprising concentrated sol utions or

dlsper5|ons of th

e subj ect

additives of thi S

HveRt-et—+ \ru €oht
—desgri har{\ fnnat

"
bCIILIa I LILLYRS) IICI
o mnf fa¥d

a's sVl n'F co'

Cl IrclUUVC
ot hor

addi ﬁﬂd!ﬂyeﬁqal d c

nncPsrﬁfe.rmda‘VKmﬂln %on:

tMPTﬁPrﬁ rrﬁa Weight %

addVili I\mprmext ure

bei ng 20-F2eferred t

o hereinias an

agai T ve- package)
aeesion InhiBitor -1,

Wier eby ae eral ad
ql\/ ila) fq'n ase qoil.

o ¢ or 0L

| OR{daGid inhebiRk! C

onposi t imor-5Di ssol uf]

i on of ¢.due1.s

addl U] ve concentr
fan!SPEHS&m h\/ S

Libé @ﬂffﬂéﬁllliﬁ@rovbﬂt

ate I nto q [ubri cd

\I m VI nr

this |socmmz essent ||

Wt ng ol l n be

al . The.01-1.5

concenfrate, or additi ve-
I T T A I i

ge wll

ifiu_n0|
S

RGRRIE

PourfRodtiBtprdskent dejsi r ed 26.0¢angent ratijon in " tchel -0 iSnal
fornul atirop when fhe ad ackage 1s c th
VO SR e R
prA&dBWeaﬁAmck amount of Bd®é-3 ubri cant. ThuQ OOﬂhé
T N N AL SN (U
s Griceor Modifemgy wi t h ot her0.01-3 0.01-1.5
Balance

Balance

Lubricating Base Oil

When other additives are employed, it may be desirable, although not necessary, to

prepare additive concentrates comprising concentrated solutions or dispersions of the subject
additives of this invention (in concentrate amounts hereinabove described), together with one

or more of said other additives (said concentrate when constituting an additive mixture being

referred to herein as an additive-package) whereby several additives can be added

simultaneously to the base oil to form the lubricating oil composition. Dissolution of the

additive concentrate into the lubricating oil can be facilitated by solvents and by mixing

accompanied by mild heating, but this is not essential. The concentrate or additive-package

will typically be formulated to contain the additives in proper amounts to provide the desired

concentration in the final formulation when the additive-package is combined with a
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desirable additives to form additive-packages

containing active ingredients in collective anounts
wo@bgosoypsral |y, from about 2.5 to about 90 perPenUS$2005/003112

preferably fromabout 15 to about 5 75 percent, and

nmore preferably from about 25 percent to about 60
0168Sp£€ENt by weight additives in the appropriate

proportions with the remai nder being base oil. The

fi naI formul ations can typically enpl oy about 1 to 20

pre<¥\§i %ﬁ%&?hggﬁgi@%m d"l%u%/ %gc? S 99\%%}’1?5 of the present invention

per cent ages expressed herein (unl ess otherw se
can.bﬁ afded tedmal agiqyatscd baseepiber qthﬁ; campatile splyerly a@ﬁg Withyother
content of the additive, and/or upon the total weight
desipdblangditivasdpd t‘cbmeadda\tbtea;gaekagcs comspimirigeactive ingwddlientts ipidollective
be the sumof the Al weight of each additive plus the

amOoVRtsOT, typicallptfedm abdut Qrs W@iabotrtt0. pekdeng @oeferably frdne about 15 to about
| ubricant conpositions of the invention contain the

75 ﬁeqaenk |28 $ndrd p?efersep R Ajut 29 pérdiitd abduit @mpe&emtbyqv&gm
to about 30 wei ght percent. A concentration range fo

addfibel *}} th@%ﬁ@’oh@(&‘% pid &53?19 tﬂh"tﬁ% ?etﬁl?aﬂﬁdeq b%lntg At Tl}ﬁoﬁnal
ok B 65 1 o posci

ght percent. G| concentrates of the additives can
themﬂlm%bﬁmér\?ﬁ%bt 1 to about 75 weight percent of
the additive reaction product in a carrier or diluent
oi | Abbf thebvdighttperngniogés expiessaddietain (@desg Sthapvise indicated) are based
2005/ 073352 PCT/ US2005/ 003112 0164-PA I n general, the

on g ditiveiigre@ient () pord&s BF therndéitive Gthdédr@ipus eHeltbtal Weight of any
variety of lubricating oil base stocks. The

addrt%rﬂaeﬁégen& fahhulgﬁé‘r? wHiQEKill Be BB ¥uRt WAAT REighYsH A8t hdditive

ubri cating ol | basé
plus the weight of total oil or diluent.

In general, the lubricant compositions of the invention contain the additives in a
concentration ranging from about 0.05 to about 30 weight percent. A concentration range for
the additives ranging from about 0.1 to about 10 weight percent based on the total weight of
the oil composition is preferred. A more preferred concentration range is from about 0.2 to
about 5 weight percent. Oil concentrates of the additives can contain from about 1 to about
75 weight percent of the additive reaction product in a carrier or diluent oil of lubricating oil

viscosity.
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stock fraction having a kinematic viscosity at 100C of
about 2 to about 200 cSt, nore preferably about 3 to
w@bwan7iB5D cSt, and nost preferably about 3 toPebUS1005/003112
100 cSt. The 5 lubricating oil base stock can be
derived fromnatural lubricating oils, synthetic
o164dpy icating oils, or mxtures thereof. Suitable
l ubricating oil base stocks include base stocks
obtai ned by isonerization of synthetic max and wax,

|| h
E? gﬁ%tgr:)eé%s n éﬁi@%ﬂ@ﬁﬁ? H%‘;é:ghtg ol%%ﬁﬁ are us ac | ng 1teﬁl of lubricating
r onen
oil hage ptoeks: | ﬁ% ‘@?‘F%t%}grﬂc;f%g stopk Sﬁaq%y&a}@al of lggrﬂﬁggl\llﬁég@%ng oil base

oil, vegetable oils (e.g., 10 canola oils, castor
stockiftastion havingadsinemiatie ylsccgﬁetwabIQQj’ﬁa ofiabgut Jiorabprt 208; 9S8, more
and oils derived from coal or shale. Many synthetic
prefetaby abant 3 tceateuk hilneBtj andtrhest areferably abbetsketoabeutuiddfcSt. The
as a base lubricating oil for lubricating

lubﬁ&ﬂ'ﬁg 811 bagsodkah dk Mefided fiém huhirf dlibradtlhg bN'§ SyntiticMabiseating
synthetic lubricants are contained in the

01ls%gﬁggénﬁg%8f. %(WEAQ &Hﬁgbﬁﬂéﬁé‘s&@(ﬂ(s&cl&e Yade stocks obtained by

y Reinhold (NY.,

by TR A A s b oo
hydL%mca(glgr(%ﬁeettl;q;bs% it 16%% hg%r?cggo Igy cam ntpr})%terllt(s: of the

Ranney, published by Noyes Data Corp éPark Rid
crud¢. Naturablrdyicatingendls inghuds animal Q;hssq@h@s ia @rlp‘cﬂgatabg oils (.g.,
herein by reference to establish the state of the art
canbla oilegaktdr dibs, 2nflodeentoilf )y peteplenot loilgemiaeml oids) dnd picddrived from
types of synthetic lubricants which can be used in
coaf@hyRCtion with the additives of the present
| nvent| on. 26 WO 2005/073352 PCT/ US2005/ 003112

| nc aﬁpk Iﬂ‘%ﬁc hﬂﬁgon O%%tlh Ghd d&i’?ﬁﬂcﬂ%.ﬁ%’e Raq Qalbase

rocar derive romt

lubricating oil for lubricating compositions containing the subject additives. Surveys of
synthetic lubricants are contained in the publications, SYNTHETIC LUBRICANTS by R. C.
Gunderson and A. W. Hart, published by Reinhold (N.Y., 1962), LUBRICATION AND
LUBRICANTS, E. R. Braithwaite, ed., published by Elsevier Publishing Co., (N.Y., 1967),
Chapter 4, pages 166 through 196, "Synthetic Lubricants", and SYNTHETIC LUBRICANTS
by M. W. Ranney, published by Noyes Data Corp., (Park Ridge, N.J., 1972). These
publications are incorporated herein by reference to establish the state of the art in regard to
identifying both general and specific types of synthetic lubricants which can be used in

conjunction with the additives of the present invention.
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pol yneri zation or copolymerization of olefins, such as

pol ypr opyl ene, pol yi sobutyl ene and
w@e@pprBeE- | sobut yl ene copol yners; and the PCT/US2005/003112

hal ohydr ocarbon oils, such as chlorinated

pol ybutyl ene. Ot her useful synthetic base oils include
("65 jose based upon al kyl benzenes, such 5 as

odecyl benzene, tetra-decyl benzene, and those based

upon polyphenyls such as biphenyls and terphenyls

Oi Ioth‘ﬁso Seﬁﬁéy@ﬁ‘% cSlSP“?au’%’% %% lisqrcl:cg{r‘r‘!%)eoQHi ? &%%ﬂso ng)ﬁlg t@ﬁ?ed from the
M R o

term nal hydroxy groups of these poly (i.e.
propylenctigomsylend ¢apolymeansi apd thst hmhyﬂmartbpa ﬁll@fsuﬁlhes ‘%NWW
groups). Thus, useful base oils are obtained from
polybsutylensy; | Gther L&Eﬁl} kanketizxiageoidy inplude thosnbased upen alkylfbreomenes, such
the copol ynmers of ethylene oxide and propyl ene oxi de.

as cfdﬁ&fy%en@éﬂeste'trﬁﬁebzﬂseﬂz@ﬁa ah& MoseBsbedupbn pdlpstienyRf such@s biphenyls
ky

pol yneri zed ene oxi des, such as

| yi sopropyl ene glycol et her, di phenyl ether of
andrIEﬁ)yé{h:é;lene gl ycol and dlethyl et her of propylene

eg ot her useful, seri.es nt het | ase .
o R8oternpug oS Af pifheBEous Padtu S eae Gl Br BERGpiRhs Gprican
h dr ox roup of the paol nerlzed | kyl
com%ﬁﬁmn%prgeﬁb(psg@aprg}}(y @xidepe y g @fe%(clﬂgnggrswand those oils
series are the acetic acid esters or mxed C3 -C8
obtdiaed by the imbdifi¢ation obthettbrmicaldydraxy #eoups @f dhesepolymers, (i.e., by the
tetraethylene glycol. Another suitable class of
esteifithtien orcethattfichtion ofpe hiydroxy gropps)s dhus,hsefad base vilofire obtained
di carboxylic acids with a variety of alcohols. Esters

fron#‘lﬁ:%i}k‘ﬁer%d sinbieRebkide OF Eﬁ)p?ieﬁ@ okide bt #6mafe tHRIENIBdEethylene

to C 2 nonocar boxylic acids and polyols and

oxﬁ%nf%os)%lgfer Skid& ?erfﬁrllecﬁfs%ciu &t’ﬁ?&ﬂ&blo ?xﬂaﬁ%lrgg?ﬁ% gﬂgﬁgbﬁlmenzed

ose nade from copol yners
alk | Caor Xsy such as metly\%o glggérgg}?ig’nsezgl}ecc[ lﬁSZ% %wn)(/)l3 ther of polyethylene
F%°

glycol and diethyl ether of propylene glycol. Another useful series of synthetic base oils is
derived from the esterification of the terminal hydroxy group of the polymerized alkylene
oxides with mono- or polycarboxylic acids. Exemplary of this series are the acetic acid
esters or mixed C, -Cj fatty acid esters of the C,; oxo acid diester of tetracthylene glycol.
Another suitable class of synthetic lubricating oils comprises the esters of
dicarboxylic acids with a variety of alcohols. Esters useful as synthetic oils also include
those made from Cto C,, monocarboxylic acids and polyols and polyol ethers. Other esters

useful as synthetic oils include those made from copolymers of «-olefins and dicarboxylic
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acids which are esterified with short or nedi um chain

| ength al cohols. The follow ng are exenplary of such
wW@oawsn7zes and are comercially avail abl e fronmP@kES2005/003112

Nobel Chem cals SpA: Ketjenlubes 115, 135, 165, 1300,

2300, 2700, 305, 445, 502, 522, and 6300, anong
016atpgrs. 5 Silicon-based oils, such as the polyalkyl -

pol yaryl -, pol yal koxy-, or polyaryl oxy- siloxane oils

and silicate oils, conprise another useful class of

acicf 1'3 tg{eceﬁli%g gxf”‘tlthis ?1[5 §¥ lq%dxumq ol eﬁ%@t El}s)thbﬁ The following are

nc I qui

exeﬁ-&? ¥ phio/ gfcg glfx(gé arﬁgag‘g g&hg‘%gﬂq \%ggm frﬂgl "Mq?eNObﬁH ghemlcals

lubricating oil may be derived fromunrefi
SpA:cRetinatiber b1 AB5 A6 1800, 230012700, 100 #5024 73, dsk 6300, among

Unrefined oils are obtained directly froma natural
otheeurce or synthetic source (e.g., coal, shale, or tar
and bitunmen) wi thout further purification or

t r eg{ligBhlbased X LI Es BE polyakyi-NEslyayl- Spolyitkdxgs od pslyatyboxy-

oi | obtained dlrectly froma retorting operation, a

sﬂ&'ﬁﬁé 8?5621111'&' sﬂfcja g?{as?%dﬁgﬁ s lahGREA Usfeﬁfl Qfﬁ’séjblssgh{hleﬁ& [BHicatfilg oils.

er ol |rect rom an terification

en, us
oy S Tikarp el 5rge Hob Rl oG Lot boics
oil's, except that refine h e been treated in
polperie fetiahy O%‘{?r"isﬂi"ﬂ)éf"r%?fd nsse'@z@e? % inprove one or nore
properties. Suitable purification techniques include
di sTh¢ lubticasing oihmaly be devived figm wrelngda tefingd) rgaefined oils, or
extraction, acid or base extraction, filtration,

mixyartes tHeddaf 0 I]Lnreffmd oflk arel dbtnedaditectdy ﬁwhi zcinatanabsource or synthetic
wel | -known to those skilled in the art. Re-refined

soubdd .22 cBal, gm&|09&@| ahy bithrgad)i withouehirtheelp@ifictibmor treatment.
processes simlar to those used to obtain the refined

Exeﬂhél? Izlg‘gg-ﬂ?eﬁ%ﬂrs fadi&de 4] leQili oc‘otﬁggd ?lt &Py RN ré&tv%g operation, a

reprocesse S an en”are
petroq Ou5n/1 gﬁ%g?amed%—r e%%? Zggr%/cgsqgf]]égicz)n 09 %g%stgfa‘ oil obtained directly from an

esterification process, each of which is then used without further treatment. Refined oils are
similar to unrefined oils, except that refined oils have been treated in one or more puﬁﬁcation
steps to improve one or more properties. Suitable purification techniques include distillation,
hydrotreating, dewaxing, solvent extraction, acid or base extraction, filtration, percolation,
and the like, all of which are well-known to those skilled in the art. Re-refined oils are
obtained by treating refined oils in processes similar to those used to obtain the refined oils.

These re-refined oils are also known as reclaimed or reprocessed oils and often are
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additionally processed by techniques for renoval of

spent additives and oil breakdown products.
waesiozasi ng oil base stocks derived fromthe PCT/US2005/003112

hydr oi sonmeri zati on of wax may al so be wused, either

alone or in conmbination wth the aforesaid natura
016§qq(or synthetic base stocks. 5 Such wax isonerate

il is produced by the hydroi somerization of natura
or synt heti c waxes or n1xtures thereof over a

SONer |

adafip s ProgEeHE B | STl o alysp 8y AR Al rspicdowm
dewaxi ng of mneral oils; synthetic waxes are

PK@Hﬁﬁ cally the wax produced by the Fischer-Tropsch
process. The resulting isonmerate product is typically
subjubriceting ail baske\stogks difromn tha drydroisomesigatianrf wax may also be
recover various fractions having a specific 10

used, itbersdlone drdingembifaKon sdthehedforesaid ahtieal @hdionsynthetiz ddse stocks.
by possessing very high viscosity indices, generally

Such@derlgorﬁer)ﬁe di’lf is ?Podu@&ﬁﬁy the By ddisehRFiadtion Ftnah@A Bk syntfetic waxes

or hi gher and | owi ng dewaxi ng, a pour point of

or 1*))( s thgr%of feﬁ ah Hﬁ)‘isom-lé at?cg]\/caafhtlisg eﬁﬂaﬁ:ﬁﬂ »\tle&@s ér@?ﬁﬁ&ﬁ’l?tthe slack

ur esS O rese I nventi

TSGR IR T —
detergency efficacy of crankcase oils can be assessed .

wax prodeacdebyghe Bisplast Rropssh FFargSS. { B dETNAPEROTRSTAISGTagHg fedypically
Al -steel panel in a Panel Coker test. In this test,

subpO@d i safertldewaxing and fragtiamatien toakeaver Mammﬁraamsri@amdl specific
at 100C. For a period of 6 hours, this heated oil is

visediitP fings hthxdyoréraeKealso OltarddberizAl bs tpessessiggnedry highellscosny
tenperature of which is maintained at 310C. After

h 1 besttleasf M0, fRAGADI St RAst NG o ApAbr Adefoll
lnd&wggﬁééw Bing 491 bP least 150, 9 i ght 24 RESC1DS cP RIS Sidefollowing

dew%%r gE’aS%Q‘?Pﬁo?Qt ojfjagout -20° C or lower.

The advantages and the important features of the present invention will be more

apparent from the following examples.
EXAMPLES
Detergency Performance--Panel Coker Test

The detergency efficacy of crankcase oils can be assessed in terms of deposit forming
tendency on a rectangular Al-steel panel in a Panel Coker test. In this test, 200 ml of the test
sample is taken in sump and heated at 100°C. For a period of 6 hours, this heated oil is
splashed by whiskers on the Al-steel panel, the temperature of which is maintained at 310°C.

After completion of the test, any deposits on the panel are weighed. A decrease in the weight
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0164- PA of deposits as conpared with a simlar
conposition | acking the detergent additive indicates
WO ps0vBe2 det er gency. Anti oxi dant Perf or nance- PE/ESBE05/@3112
Differential Scanning Calorinetry (PDSC) PDSC (DuPont
Model - 910/ 1090B) can be used for rel ative anti oxi dant
016@ePAor mance 5 evaluation of the conmposition. In this
net hod, a test sanple (10 ng) taken in a sanpl e boat
is subjected to heating from 100-300C at the rate of
of d]eﬁ&l@eaﬁ cBinPhed vHﬂfje?&m%QpccﬂﬁﬁosRMQﬁikmth@a%fg%nt atdftive indicates
set of oxidation tenperature is adopted as a
imrEhV etdeJe'te?g nc9r assessnent of antioxi dant performance.
Y 1°%Yan increase in onset of oxidation

pgp B’f'ﬂﬁ gerlfcgglggl?cte-e- re%n?qﬁﬁﬁéﬁlwgq@hg Ilgr?l?netry (PDSC)
"Characterization 10 of Lubricati on Ols

Di fFlaperkPuBentddadalion §/18280R) qapdeuyed fosnéatm@@ﬁpéléﬁnt performance
Paper Series, 801383 (Cct. 20-23, 1980). Exanmple 1 A

evatpation of ;he(cbmqbﬁsig'omnhl this nadthgd, a(tﬁlaarﬁnJSXI Gmig) taken m asangple boat
was added to a small reaction flask equipped with a

is sibjefradicCiatifig FOMET00230D°C a€ thedele HE 1 0°périvingteasiide0f00 psi oxygen
napht ha was added 15 along with 40 granms of base oil,

pressaréd’ 8kt d@%&ﬁ{an@? g:n%regﬁx@ '??adbfpteﬁeats Q%ﬁ%non%ﬂs@&s%ﬁh of

starte 15 grams ric acid vvas added, and then
antlgéldg.l[ln &?(eté r?ér%g?v@es Iﬂgg‘ﬁe?gy ne]tnﬁr %:se 1 %el? %}” O)alggtq}?l ﬁ@&)\%’\%ﬁtre indicates
lm@&&%ﬂ@%g@%@gl gta ggr*ioéwﬂwon : e&gfe: gta&u@glk\égalﬁ g/gﬁ.easeg aracterization

viscous liquid was recovered that had a total

of laibrigation Qi}s bﬁpmﬁeremtladécam Gelodmetry WA EsTashaicaldtpperSeries,
20 testing as shown bel ow. 30 WO 2005/073352
801BET (QIS200:38 PER0).2

Example 1

A quantity of 40 grams of alkyl (C,,-C,,) salicylic acid was added to a small reaction
flask equipped with a mechanical stirrer and a condenser. Fifty grams of naphtha was added
along with 40 grams of base oil, 15 grams of water and 30 grams of methanol. Mixing was
started, 15 grams of boric acid was added, and then the mixture was heated to 70°C. At that
temperature, 48.5 grams of a hydroxy ethyl alkyl imidazoline was added and the reaction
temperature was increased slowly to 210° C to remove volatiles. A clear brown viscous
liquid was recovered that had a total alkalinity value of 46. The product was subjected to

testing as shown below.
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0164- PA Panel Coker Five percent of the above product

was added to an SAE 50 base oil, m xed, and subjected
wo eooshes3andi fi ed panel coker test. At the end pET/UR®05/003112

test, the panel was weighed resulting in 6.5

mlligrams of deposits. 5 Pressure Differential
o162@ani ng Cal orinetry The sanple of Exanple 1 was

subj ected to PDSC testing and found to have an

i nduction time of >180 m nutes at 165C when the test

was stopped. Exanple 2 ﬁm‘!) E 4 ve Exanple) 10

Exanpl e 1 was repeated excep at the al kyl

i m dazol i ne dvvasa amm no I

| 1 48 BETOFRE Of $HecaboYe, B0 B?ta&%@éged;’éaas?’rﬁ@b?ﬁgﬂﬂ mixsh gnd

with poor oil solubility l e (Compar ati ve
subfeetedyio the resdifipd pane! ogker feéb et téa emjef the gesh dhg Rangkyvas weighed

not added. The final product was 15 fluid, bright and

resultirgiin 61 hiilligeanys gfodepopnel coker performance produci ng
nore than 150 mlligranms of carbonaceaous deposit. 20

31 WO 2005/ 07 $essulPCDifereniisl Stasadihg CAddmelA Exanpl e 4
(Conpar ati ve Exanpl e)
The sample of Example 1 was subjected to PDSC testing and found to have an
induction time of >180 minutes at 165°C when the test was stopped.
Example 2
(Comparative Example)
Example 1 was repeated except that the alkyl imidazoline used was an amino ethyl
alkyl imidazoline. The final product was a fluid hazy liquid with poor oil solubility.
Example 3
(Comparative Example)
Example 1 was repeated but the boric acid was not added. The final product was

fluid, bright and clear with very poor panel coker performance producing more than 150

milligrams of carbonaceaous deposit.
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In this exanple, the alkyl salicylic acid of Exanple 1
was replaced with an alkyl aromatic sulfonic acid.
wabmsproeuct recovered was clear, but had extreoeig2005/003112
poor detergency 5 as neasured by 243 mlligrans of
deposits in panel coker test. The PDSC result was al so
01680@A Wi th an induction tinme of only 34.8 m nutes.
Exanple 5 In this exanple, the amount of alkyl
i m dazol i ne was reduced to close to the theoretica
anmount of 33 grans requir utralize the
salicylic acid. Excellent%%g&®kg£ncy 10 was found
wi t h panel coker deposits of.3.4 mlligranms. In view
of the many changes aﬁé”ﬁﬁﬁwppég?Fﬁwg that can be made
W t hout departing fronw.rinciples underlying the
i nviarthissnamples the alebsalisylis eridel Fxample § vaserlphsd vddan alkyl
claims for an understandi ng of the scope of the
aromatt sdfdanimadid Ble proflact dendvered was elear, borhadeztreé@elppoor detergency
2005/ 073352 PCT/ US2005/ 003112 0164-PA CLAIM5S What is
as fieRLAAGYIZA3 nlilliglaB®PRPoitsin pamsleokeitdtg ThePDBaatsulvas also
product of an acidic organic conpound, a boron

poot WU Hdudiod (EnddSInty 4. 9althGegonpound. 5 2. The

conposition of claim™ wherein the acidic organic
conpound is selected fro h oup consi sting of:
(A) al kyl substituted sa%?ﬁpcl:eq%ci ds,

In this example, the amount of alkyl imidazoline was reduced to close to the
theoretical amount of 33 grams required to neutralize the salicylic acid. Excellent detergency
was found with panel coker deposits of 3.4 milligrams.

In view of the many changes and modifications that can be made without departing
from principles underlying the invention, reference should be made to the appended claims

for an understanding of the scope of the protection to be afforded the invention.
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(B) di-substituted salicylic acids, 10 (C) oil soluble

hydr oxy carboxylic acids, (D) salicylic acid
wa@20os02336nes, (E) sul fur-containing calixar eneBCT/USHH)5/003112

acids of the fornula: R 15 HOAr-Y-Ar-OH 2 COCH

wherein R is hydrocarbon or halogen, R2 is
o1daypPAocarbon, and Ar is substituted or unsubstituted

aryl, 20 (G acids of the fornmula: 33 WD 2005/ 073352

PCT/ US2005/ 003112 0164-PA OHIOHO R X X / \ ICX

R 5 XX X Xwherein X apg >fw re i ndependently

sel ected fromthe group consisting of hydrogen,

hydrocar byl , and hal ogen, R is pol ynet hyl ene or
Wlﬁ?‘éﬁi"r\’é‘&‘%‘f unbranched al kylene, x is 0 or 1, and R

i s hydrogen or hydrocarhbyl, L i

A’composition comprising the reaction product of an acidic organic compound, a

boron compound, and a basic organic compound.

5
2. The composition of claim 1 wherein the acidic organic compound is selected from the
group consisting of:
(A)  alkyl substituted salicylic acids,
(B)  di-substituted salicylic acids,
10 (C)  oil soluble hydroxy carboxylic acids,
(D)  salicylic acid calixarenes,
(E)  sulfur-containing calixarenes,
(F)  acids of the formula:
R,
15 HO-Ar-?-Ar—OH
§
COOH
wherein R, is hydrocarbon or halogen, R, is hydrocarbon, and Ar is substituted or
unsubstituted aryl,
20 (G) acids of the formula:
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10 (H) acids of the formula: RIIF HOR3 G-C OH O RQ x
R2 15 wherein R, and R2 are independently sel ected
wo e@sntizs2 gr oup consi sting of hydrogen, hydroceebyk2005/003112
groups, tertiary al kyl groups, and tertiary aralkyl
groups, provided that both R and R2 are not
0163y8K ogen, 34 WO 2005/ 073352 PCT/ US2005/ 003112 0164- PA
R3 and R4 are independently selected fromthe group
consi sting of hydrogen, hydrocarbyl groups, aralkyl
groups, and cycl oal kyl groups, and x is fromO to 24,
i nclusive; and (1) salts of the foregoing acids. 5 3.
The conposition o Nex
is selected from4 ,
trial kyl borates, k bor i R)a dlalkyl boric
aci ds, boric oxide cycl oal kyl
boric acids, ¥ k¥ boric
acids, diaryl tution products
[ al kyl groups, 10
5 al kyl groups, andyconbi .tiongw'hereO){

wherein X and X' are independently selected from the group consisting of hydrogen,
hydrocarbyl, and halogen, R is polymethylene or branched or unbranched alkylene, x is 0 or

1, and R' is hydrogen or hydrocarbyl,

10 (H) acids of the formula:
_ — R,
HO, R —
\C '|‘3 OH
% T N\ /
0] R,
L~ x R2
15 wherein

R, and R, are independently selected from the group consisting of hydrogen, hydrocarbyl
groups, tertiary alkyl groups, and tertiary aralkyl groups, provided that both R, and R, are not

hydrogen,
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4. The conposition of claim1l wherein the basic

organi ¢ conpound is an organic nitrogen base conpound
wa@eoupn7Bssng an N-hydroxy al kyl noiety. 15 5. TPeT/US2005/003112

conposition of claim1l wherein the basic organic

conpound is selected fromthe group consisting of
0164-PWy dr oxyal kyl - pi perazi nes, N-hydroxyal kyl - N -al kyl

pi perazi nes, N

hydr oxyal kyl - N - cycl oal kyl - pi per azi nes,

R, eﬁl‘dgy %@M%&ﬁﬁémi}i sePécl@lerorﬁ? ﬁﬁgxa Wﬁlkméjbﬂgﬁro%, hydrocarbyl

roxyal cycl oal kyl ropyrim di nes,
dropyrlda2|nes
gr"‘#!iisn%fa.ﬁ%ﬁ%grl& Iamlltlrcyci agl%/yégfc{: exahydr opyri dazi nes, N
&E yal kg/ gerl di nes,
X is aP?Jg} iveyand)| ky| - i mi dazol i di nes,

dr oxyal kyl -N - cycl oal kyl -i mi dazol i di nes,
r(i )dr 0>opHs @iythe fyregaing eidee,

N- hydr oxyal kyl - pyrazol i dine, N- 35 WD 2005/ 073352

PCT/ US2005/ 003112 0164- PA hydroxyal kyl - hydr ogenat ed

1,2,3,-triazole, N hydroxyal kyl - hydr ogenat ed

3. 1, 2pifb, cobpodiieh ©f cldim M yeHesotiy Blekiokorhatahieaad af RikcteddBdm the group
N- hydr oxyal kyl - hydr ogenat ed car bazole, N

conﬁ!ﬁr{fomlrll@ébdh%ﬁjlg@ B01ateS a1t HBAL | aa@s dlalkyl boric acids, boric oxide,

o dr oxyal ogena’t ed acri
at . . .
borkQA iR ﬁrc'i%@féﬁ SRR s saaﬁ 3P Bt fispeloalipLbsriesidss dian
N-hydr oxyal kyl - dr oca I -saturated cyclic

borigjagids g suhﬂautr@nanrﬁz ¢ M oxegoing With alkky provgs. @fia gepups,

cyclic diazines. 6. The conposition of claiml| wherein
alkyl igeoupe candicombpratiduscthetesf. of t he generalized structural
formula: 10 0 O N

4. The composition of claim 1 wherein the basic organic compound is an organic

nitrogen base compound comprising an N-hydroxy alkyl moiety.

5. The composition of claim 1 wherein the basic organic compound is selected from the
group consisting of N-hydroxyalkyl-piperazines, N-hydroxyalkyl-N'-alkyl piperazines, N-
hydroxyalkyl-N'-cycloalkyl-piperazines, N-hydroxyalkyl-N'-alkyl hexahydropyrimidines, N-
hydroxyalkyl-N'-cycloalkyl hexahydropyrimidines, N-hydroxyalkyl-N'-alkyl
hexahydropyridazines, N-hydroxyalkyl-N'-cycloalkyl hexahydropyridazines, N-
hydroxyalkyl-piperidines, N-hydroxyalkyl-N'-alkyl-imidazolidines, N-hydroxyalkyl-N'-

cycloalkyl-imidazolidines, N-hydroxyalkyl-pyrrolidine, N-hydroxyalkyl-pyrazolidine, N-
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R2 00 (R e 15 wherein R and RZ are independently
sel ected hydrocarbyl groups, ais an integer of 1 or
WQ@20050739%1 ded that, where a is 2, the R gr oupBCHIS2005/003112
i ndependently selected. 7. The conposition of claim®6
wherein the R and RZ groups are independently
0163sPgcted 20 hydrocarbyl groups of from1l to 50 carbon
atons. 36 WD 2005/073352 PCT/ US2005/ 003112 0164- PA 8.
A conposition conprising: (A a.Iubricant and (B) at

hydr@ﬁéfk g?drBE%%{e'doan Qrt‘PQHC% J@fhg@rgxﬁﬂ(ggy d ﬁ'fﬁé(fl 2,4,-triazole, N-

oron COfT'pOUI’] gan

The tio he
bydEaRT g¥(88%?“8‘686ﬂ$03‘ﬁ:@%V@foé%ﬁn‘ggﬁ’ég“’ﬁ%‘l BTN
consjstin (A) .al kyl substituted salicylic, aC|ds
hydrexyatkyl-g gsqqa@fi@du@éw &H hyérogyalkpd-hydroeergte pqriding, Nbi e
hydr oxy carboxylic acids, (D? salicylic acid o
hydeetyialkyt-bydregenaey phandzine, Nocmya koil-Nghydip¢acbirlsargated cyclic diazines,
N-hydroxyalkyl-N'-hydrocarbyl-saturated cyclic diazines, and N-alkoxyalkyl-N'-

hydrocarbyl-saturated cyclic diazines.

6. The composition of claim 1 wherein the reaction product is of the generalized

structural formula:

(R")

wherein R' and R? are independently selected hydrocarbyl groups, a is an integer of 1 or 2,

provided that, where a is 2, the R' groups are independently selected.

7. The composition of claim 6 wherein the R' and R? groups are independently selected

hydrocarbyl groups of from 1 to 50 carbon atoms.
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(F) acids of the fornula: R 15 HO Ar-y-Ar-CH i2

COOH wherein R is hydrocarbon or halogen, R2 is
whyasorasbon, and Ar is substituted or unsubspe¢T/us®A5/003112

aryl, 20 (G acids of the fornmula: 37 WO 2005/ 073352

PCT/ US2005/ 003112 0164-PA x OH 10140 R X X CX R
0163-PA X X X wherein X and X are independently sel ected

fromthe group consisting of hydrogen, hydrocarbyl,

and hal ogen, R is polynethylene or branched or

unb anche Xxis 0or 1, and R |s hydr ogen
8. y%fpgosgtroﬁ)yﬁdnp%gm(gl—l) acids of the formula: R, HO 13

(A) alubricant, and
(B) at least one reaction product of an acidic organic compound, a boron

compound, and a basic organic compound.

5
9. The composition of claim 8 wherein the acidic organic compound is selected from the
group consisting of’
(A) alkyl substituted salicylic acids,
(B)  di-substituted salicylic acids,
10 (C)  oil soluble hydroxy carboxylic acids,
(D) salicylic acid calixarenes,
(E)  sulfur-containing calixarenes,
(F)  acids of the formula:
R,
15 HO-Ar-?-Ar—OH
I
COOH
wherein R, is hydrocarbon or halogen, R, is hydrocarbon, and Ar is substituted or
unsubstituted aryl,
20 (G) acids of the formula:

37



10

15

0Y-OOH R4 XR2 15 wherein R, and R2 are
i ndependently selected fromthe group consisting of
whyasorss; hydrocarbyl groups, tertiary al kyl PQr/osgme;/003112
and tertiary aral kyl groups, provided that both R and
R2 are not hydrogen, 38 WO 2005/ 073352
0168HAUS2005/ 003112 0164-PA R3 and R4 are independently
sel ected fromthe group consisting of hydrogen,
hydrocarbyl groups, aral kyl groups, and cycl oal kyl
groups, and x is fromO to 24, inclusive; and (I)
salts of the foregoing acids. 5 10. The conposition
of claim$8 mhereig t he Q9 ok G
the group consi sty [ rial kyl borat es,
al kyl boric acids, " . bori c oxi de,
boric acid conple oorIC Qci ds, aryl boric
aci ds, dicyclXat+t aCid Bbrlc aci ds,

groups, al kyl R ' and

conbi nati ons therg ' ityon of claim$8
wherei n the basic organic conmpound i s “an organic
nitrogen base conpound conprising an N hydroxy al kyl
noiety. 15 12. The conposition of claim8 wherein the

wh@r@i?xi Xafd ﬂa}ﬂ% anféBE%Hn}d sélg‘ctesdeilrgxﬁttﬁedgljoﬁg %ﬁsﬂ%ng of hydrogén,

hydrocarbyl, and halogen, R is polymethylene or branched or unbranched alkylene, x is 0 or
1, and R' is hydrogen or hydrocarbyl,

(H) acids of the formula:

w

\\O
A—O—=
=
NN
O
o

wherein
R, and R, are independently selected from the group consisting of hydrogen, hydrocarbyl
groups, tertiary alkyl groups, and tertiary aralkyl groups, provided that both R, and R, are not

hydrogen,
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group consisting of N hydroxyal kyl - pi perazi nes,
N- hydr oxyal kyl - N -al kyl pi perazi nes, N
whyasoxsst kyl - N - cycl oal kyl - pi perazi nes, PCT/US2005/003112
N- hydr oxyal kyl - N -al kyl hexahydropyri m di nes, N
hydr oxyal kyl - N - cycl oal kyl hexahydr opyri m di nes,
016 PAydr oxyal kyl - N -al kyl hexahydr opyri dazi nes,
N- hydr oxyal kyl - N - cycl oal kyl hexahydropyri dazi nes, N
20 hydroxyal kyl - pi peri di nes,

R, aH§i %%ggegégﬁieé%%ﬁﬂ%sel%g%% Ilﬂo. ; Q%F&J#:cg gt?ng dcl) drogen hydrocarbyl
gm%’%gﬁ(g%gﬁhk ?ncﬁévrcLthiﬁ'as%ﬁBS ¥ 39 Wo 2005/ 073352

PCT/ US2005/ 003112 0164- PA hydr oxyal kyl - hydr ogenat ed
x is from @ta 24, jinghesiee; and hydr oxyal kyl - hydr ogenat ed

1,2,4,-triazole, N hydroxyal kyl - hydrogenat ed i ndol e,

I\H@droxyl&d ddythe fcngodt@atédsed carbazole, N

hydr oxyal kyl - hydr ogenat ed qui nol i ne,

N- hydr oxyal kyl - hydr ogenat ed acri di ne, N

hydr oxyal kyl - hydr ogenat ed phenazi ne,

10. N Rabipbsifbn Bf’gﬁlﬁpgw}emqﬁ%%%n%n&%ﬁhd s s‘éle@?ekirfﬁﬁn the group

N- hydr oxyal kyl - N - hydrocar byl -saturated cyclic
congétﬁ’fg: glrlg %Hﬁ etgfaﬁgifgf?&}f.%g kaYl%;"l IBrorxc Fc}{gg Q %brltr?n Q@Hg,%toﬂg oxide,

borl\é\{;?la?p&p i;(e?)%; qﬁil%yg%mi u%{wl S 1((:) {1@@&5 gcgrglrc]) fk?l lI)oZrlecdacids, diaryl
boric acids, and substitution products of the foregoing with alkoxy groups, alkyl groups,

alkyl groups, and combinations thereof.

11.  The composition of claim 8 wherein the basic organic compound is an organic

nitrogen base compound comprising an N-hydroxy alkyl moiety.

12.  The composition of claim 8 wherein the basic organic compound is selected from the
group consisting of N-hydroxyalkyl-piperazines, N-hydroxyalkyl-N'-alkyl piperazines, N-
hydroxyalkyl-N'-cycloalkyl-piperazines, N-hydroxyalkyl-N'-alkyl hexahydropyrimidines, N-
hydroxyalkyl-N'-cycloalkyl hexahydropyrimidines, N-hydroxyalkyl-N'-alkyl
hexahydropyridazines, N-hydroxyalkyl-N'-cycloalkyl hexahydropyridazines, N-
hydroxyalkyl-piperidines, N-hydroxyalkyl-N'-alkyl-imidazolidines, N-hydroxyalkyl-N'-

cycloalkyl-imidazolidines, N-hydroxyalkyl-pyrrolidine, N-hydroxyalkyl-pyrazolidine, N-
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wherein R and RZ are independently sel ected

hydr ocarbyl group, a is an integer of 1 or 2,
w@emgiodse2 t hat, where a is 2, the R groups arBCT/US2005/003112

i ndependently sel ected. 14. The conposition of claim

13 wherein the R and RZ groups are independently
0164PAect ed 20 hydrocarbyl groups of from1l to 50 carbon

atonms. 40 WD 2005/ 073352 PCT/ US2005/ 003112 0164-PA

15. The conposition of claim8 wherein the |ubricant

hydﬂo§yaﬁk*}l'~f§ﬂi‘d‘g@ﬁét&gl i3, etrlazlaﬁr NehyeaaRdyl-hltogaaRai 152, B Gtriazole, N-

ocarbon fUél, and 5 'B) at Ieast one reaction
t
hydr%';(ggggﬁ hgﬂioa%%gaté&[)gglfecﬂr g(%xlg'g gmn%&%aéggg{b%le N-
t f , t d
iESTHRRS ot A SR B
al kyl substituted salicylic acids

A
hydrgk;adlgﬂétydm&e@@e%ahqnwnc N-gayalkyl-N' @ydmcprbybﬁama@d cyclic diazines,

hydr oxy carboxylic acids, (D) salicylic acid
N-hpdrbk yadkydIN sy dfoEdrbgias aturated oyl diazigescadd Matlongakyl-N'5

(F) acids of the fornmula: R Il HOA-CAr-CH
hydrocarbyl-saturated cyclic diazines.

13.  The composition of claim 8 wherein the reaction product is of the generalized

structural formula:

R")

a

wherein R' and R? are independently selected hydrocarbyl group, a is an integer of 1 or 2,

provided that, where a is 2, the R' groups are independently selected.

14.  The composition of claim 13 wherein the R' and R? groups are independently selected

hydrocarbyl groups of from 1 to 50 carbon atoms.
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12 COON 20 wherein R is hydrocarbon or hal ogen, R2
i s hydrocarbon, and Ar is substituted or
waoe®assst ut ed aryl, 41 WO 2005/ 073352 PCT/US2005/003112
PCT/ US2005/ 003112 0164-PA (G acids of the forrmula: X
OHOHO Rx X CX 5R XX X X wherein X and X
01637 | ndependent |y sel ected fromthe group consisting
of hydrogen, hydrocarbyl, and hal ogen, Ris
pol ynmet hyl ene or branched or unbranched al kyl ene, x is

5. T ey S P DR it o,

wher ei n

16. A composition comprising:

A) a hydrocarbon fuel, and

™~

5 B) at least one reaction product of an acidic organic compound, a boron

compound, and a basic organic compound.

17.  The composition of claim 16 wherein the acidic organic compound is selected from
the group consisting of:
10 (A) alkyl substituted salicylic acids,
(B)  di-substituted salicylic acids,
(C)  oil soluble hydroxy carboxylic acids,
(D)  salicylic acid calixarenes,

(E)  sulfur-containing calixarenes,

15 (F) acids of the formula:
1|‘1
HO-Ar-?--Ar—OH
I
COOH
20 wherein R, is hydrocarbon or halogen, R, is hydrocarbon, and Ar is substituted or

unsubstituted aryl,
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R, and R2 are independently selected fromthe group
consi sting of hydrogen, hydrocarbyl 20 groups,
wo e0osi023352 al kyl groups, and tertiary aral kyl grOLIPS2005/003112

provided that both R, and R2 are not hydrogen, 42 WO
2005/ 073352 PCT/ US2005/ 003112 0164-PA R3 and R4 are

o164-Pdependent |y sel ected fromthe group consisting of
hydr ogen, hydrocarbyl groups, aral kyl groups, and
cycl oal kyl groups, and x is fromO to 24, inclusive;
an I I foregoing acids. 5 18. The
coggggi%yggogﬁmgﬁgﬁﬂ$16 mhgrelg t he boron conpound is
selected fromthe group consisting of boric acid,
trial kyl borates, alkyl boric acids, dialkyl bori ¢
acids, boric oxide borlc @Dﬁlconpl- , cycl oal kyl
boric acids, arylXboric pal kyl boric

[ Yitution products

acids, diaryl

of the foregoing wi : kox§ @ro S, .IkyI groups, 10
al kyl groups X-and © ' The
conposition of cla & whet gi n he oaSIC or ganic

, 15 20. The
conposi tion of cl’aim 16 whereih the basic organic
conpound is selected from the group consisting of
N- hydr oxyal kyl - pi per azi nes, N hydroxyal kyl -N -al kyl

wheﬁ%jg S{,%Zdég'%%’: 'qﬁéped&glgqlt&yaqe&eﬁedgfo&é }}Ezgrﬂt&consisting of hydro gen,

g%’grox(}(alkyl -al kyl hexahydrop rimdines,
hydreganbyk pad kglpgew. Ray eplymeyiens o hrapg Wﬂnhiaépbfélsalkylene x is 0 or

N- hydr oxyal kyl - N - al kyl hexahydropyri dazi nes,
1, andt Ry tirhydscaget pf hydrocyleylpal kyl hexahydr opyri dazi nes, N

(H) acids of the formula:

\ / OH

"y
e
T —

F~

wherein
R, and R, are independently selected from the group consisting of hydrogen, hydrocarbyl
groups, tertiary alkyl groups, and tertiary aralkyl groups, provided that both R, and R, are not

hydrogen,
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20 hydroxyal kyl - pi peri di nes,
N- hydr oxyal kyl - N -al kyl -i m dazol i di nes,
woRdgdrszyal kyl - N - cycl oal kyl -i mi dazol i di nes, PCT/US2005/003112

N- hydr oxyal kyl - pyrrolidi ne,
N- hydr oxyal kyl - pyrazol i di ne, N- 43 WD 2005/ 073352

0164fRX/ US2005/ 003112 0164- PA hydr oxyal kyl - hydr ogenat ed
1,2,3,-triazole, N hydroxyal kyl - hydr ogenat ed
1,2,4,-triazole, N hydroxyal kyl - hydrogenat ed i ndol e,

R, ankHROYAeE Qﬁél}égén:@b!ﬁﬁ}] WeIcRAGTH B galiPeiRising BE hydrogen, hydrocarbyl

y

hydr oxyal - hydr ogenat ed qui nol i ne,

ridine, N
erou B B oo s Ra s B
. fN-o éagkyl]N.-hydaocarbyl-saturated cyclic diazines, 5
X18 ’f@"ﬁ? ? 65y BT RIS hydr ocar byl - saturat ed cyclic
di azi nes, and N al koxyal kyl -N - hydrocar byl - sat ur at ed
(D cyaalts ef e doreaing agds. The conposition of ciaim 16
wherein the reaction product is of the generalized
structural fornmula: 10 0 0O NR2 00 (Rl)a 15 wherein
R and R2 are independently sel ected hydrocar byl

18. grThexongpokisioAnf clainedémwhefeid thetboron capipund éxkeldeadd, from the group
where a is 2, the R groups are independently

consiSEAES Rfic a€rd, triaiEy] BORARRSAIKYIHRriefcial Aidlk AlboR aE R NbdrRQxide,
R "and R2 groups "are i ndependently sel ected
boric acid complex, cycloalkyl boric acids, aryl boric acids, dicycloalkyl boric acids, diaryl

boric acids, and substitution products of the foregoing with alkoxy groups, alkyl groups,

alkyl groups, and combinations thereof.

19.  The composition of claim 16 wherein the basic organic compound is an organic

nitrogen base compound comprising an N-hydroxy alkyl moiety.

20.  The composition of claim 16 wherein the basic organic compound is selected from
the group consisting of N-hydroxyalkyl-piperazines, N-hydroxyalkyl-N'-alkyl piperazines, N-
hydroxyalkyl-N'-cycloalkyl-piperazines, N-hydroxyalkyl-N'-alkyl hexahydropyrimidines, N-
hydroxyalkyl-N'-cycloalkyl hexahydropyrimidines, N-hydroxyalkyl-N'-alkyl
hexahydropyridazines, N-hydroxyalkyl-N'-cycloalkyl hexahydropyridazines, N-
hydroxyalkyl-piperidines, N-hydroxyalkyl-N'-alkyl-imidazolidines, N-hydroxyalkyl-N'-

cycloalkyl-imidazolidines, N-hydroxyalkyl-pyrrolidine, N-hydroxyalkyl-pyrazolidine, N-
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20 hydrocarbyl groups of froml to 50 carbon atons. 44
WO 2005/ 073352 PCT/ US2005/ 003112 0164-PA 23. A net hod
wo evosoederi ng the formati on of deposits in an PCIL/E§2085/003112

conmbustion engi ne which conprises operating the
engine with a lubricating oil containing the reaction
016g+Rxluct of an acidic organic conmpound, a boron
conmpound, and a basic organic conpound in an anount
effective to reduce the friction. 5 24. The net hod of

t -
hydgdg?kélg?lzlgr oK giell 11078-tA% I, N-BY H8EY abiky q’l?@l%%@lqat%(ﬁl 2,4,-triazole, N

m t he’ group consi sting of

I tl t
NETE IO N RT3
I I
hydw%@ﬂ %Y&ﬁ%%ﬁ?lﬁﬁehé ﬁwi\t gmffégx?aﬁi ;E?lygr@emat%ﬁ acgigine, N-
-?2-Ar - COOH wh '
hydtoxaRSE LR SrEeDRch ahaEime, Yooy Bkl ogupddl-seintniotoyelic diazines,

substituted or wunsubstituted aryl,
N-hydroxyalkyl-N'-hydrocarbyl-saturated cyclic diazines, and N-alkoxyalkyl-N'-

hydrocarbyl-saturated cyclic diazines.

21.  The composition of claim 16 wherein the reaction product is of the generalized

structural formula:

R")

a

wherein R' and R? are independently selected hydrocarbyl group, a is an integer of 1 or 2,

provided that, where a is 2, the R groups are independently selected.

22.  The composition of claim 21 wherein the R' and R? groups are independently selected

hydrocarbyl groups of from 1 to 50 carbon atoms.
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20 (G acids of the formula: 45 WO 2005/073352

PCT/ US2005/ 003112 0164-PA X OHOHO R x X / \ X R
wW®2065K733% X wherein X and X are independent | BCT/US2005/003112

sel ected fromthe group consisting of hydrogen,

hydr ocar byl , and hal ogen, R is pol ynet hyl ene or
o016Pxached or unbranched al kylene, x is O or 1, and R

i s hydrogen or hydrocarbyl, 10 (H) acids of the

formula: R HOR3 OH OR4 x R 15 wherein R and R2

23.ar %}&f&@ﬁﬁ%f’n‘%ﬁh&}{% af! f%ﬁﬁzﬁﬂmfcff QABPJSS iDL iNRerfifl '&%hﬁhétﬁﬂl engine

of rogen, hydrocar byl groups tertiary al
ertiar provi ded

whiglrb?(ﬁg S segﬁger?&ngaﬁhg ﬁ% q& %‘v lgg écre]lﬁggﬁll Lontaging }lée ra Sction product

I nde endent |y sel ect d fromthe onsistin
o aﬂ}agﬁdg:gcgganq?&%p oron compound, gnc? a gas%c organic co%pound in an

amount effective to reduce the friction.

24.  The method of claim 23 wherein the acidic organic compound is selected from the
group consisting of:
(A) alkyl substituted salicylic acids,
(B)  di-substituted salicylic acids,
10 (C)  oil soluble hydroxy carboxylic acids,
(D)  salicylic acid calixarenes,
(E)  sulfur-containing calixarenes,
(F) acids of the formula:
R,
15 HO—Ar—(li——Ar—OH
"
COOH
wherein R, is hydrocarbon or halogen, R, is hydrocarbon, and Ar is substituted or
unsubstituted aryl,

20 (G) acids of the formula:
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20 groups, aral kyl groups, and cycl oal kyl groups, and

x is fromO to 24, inclusive; and 46 WD 2005/ 073352
wWEaDsNEA0D5/ 003112 0164-PA (1) salts of the fpeBYSI00§003112

acids. 25. The nethod of claim 23 wherein the boron

conpound is selected fromthe group consisting of
016WPHA c acid, trialkyl borates, alkyl boric acids,

di al kyl boric acids, boric oxide, 5 boric acid

conpl ex, cycl oal kyl boric acids, aryl boric acids,

di cycl oal kyl boric acids, diaryl boric acids, and

substitution products of the foregoing wth al koxy

groups, al kyl gr gups, %h¥yf0§§£ups, and conbi nati ons

t hereof. 26. The 0 | aig 23 wherein the basic

et hod

or gani ¢ conpound or gafR np J 10 base
conpound conpri Si hydr ox nmoi ety. 27. The
met hod of clatm {1 grgadi ¢ conpound
is selected fromtR gr oup! cons of

N- hydr oxyal kyl -
pi perazines, N X X' X' X

hydr oxyal kyl - N - cycl oal kyl - pi per azi nes,

N- hydr oxyal kyl - N - al kyl hexahydropyri m di nes, N 15
hydr oxyal kyl - N - cycl oal kyl hexahydr opyri m di nes,

M L T B

hyd@é%r;ll)gl;( %1% g%’ik%ﬁ%', ﬁ% g?lk%%ﬁtiy}ﬁna o B{alnallaeﬁieog unbranched alkylene, x is 0 or
B R

N- hydr oxyal kyl - pyrazol i di ne, N
hy dHdxy aFidy o H‘yd%/@@‘é?fat ed 1,2, 3,-triazol e,

N- hydr oxyal kyl - hydrogenated 1, 2,4,-triazole, N 20
hydr oxyal kyl - hydr ogenat ed Lndol e,

wherein

R, and R, are independently selected from the group consisting of hydrogen, hydrocarbyl
groups, tertiary alkyl groups, and tertiary aralkyl groups, provided that both R, and R, are not
hydrogen,

R; and R, are independently selected from the group consisting of hydrogen, hydrocarbyl
groups, aralkyl groups, and cycloalkyl groups, and

x is from 0 to 24, inclusive; and
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47 WD 2005/ 073352 PCT/ US2005/ 003112 0164-PA
hydr oxyal kyl - hydr ogenat ed phenazi ne,
woOR@RY2I3RY | - N - hydr ocar byl - sat urat ed cyclic di BZi/nemps5/003112
N- hydr oxyal kyl - N - hydrocar byl -saturated cyclic
di azi nes, and N-al koxyal kyl -N - hydrocar byl - sat ur at ed
01643PA i c di azines. 5 28. The nethod of claim 23 wherein
the reaction product is of the generalized structural
formula: OON 101 O ~ONRZ (Rl)a wherein R and

R2 @re |Sgg§mﬂg%}géd{n§,§d1§sct ed hydrocarbyl group, ais
an i'nteger of 1 or provi ded that, where a is 2,

the R groups are |ndependently sel ected. 15 29. The
met hod of cl ai m28 wherein the R and R2 groups are

pende cted . hydrocarb ups, of fro
25. ¢ Odlg'@ n&e&h%ﬁy claighel wﬁgein t}fle [)oron co%poun is selected rom t e group
consisting of boric acid, trialkyl borates, alkyl boric acids, dialkyl boric acids, boric oxide,
boric acid complex, cycloalkyl boric acids, aryl boric acids, dicycloalkyl boric acids, diaryl

boric acids, and substitution products of the foregoing with alkoxy groups, alkyl groups,

alkyl groups, and combinations thereof.

26.  The method of claim 23 wherein the basic organic compound is an organic nitrogen

base compound comprising an N-hydroxy alkyl moiety.

27.  The method of claim 23 wherein the basic organic compound is selected from the
group consisting of N-hydroxyalkyl-piperazines, N-hydroxyalkyl-N'-alkyl piperazines, N-
hydroxyalkyl-N'-cycloalkyl-piperazines, N-hydroxyalkyl-N'-alkyl hexahydropyrimidines, N-
hydroxyalkyl-N'-cycloalkyl hexahydropyrimidines, N-hydroxyalkyl-N'-alkyl
hexahydropyridazines, N-hydroxyalkyl-N'-cycloalkyl hexahydropyridazines, N-
hydroxyalkyl-piperidines, N-hydroxyalkyl-N'-alkyl-imidazolidines, N-hydroxyalkyl-N'-
cycloalkyl-imidazolidines, N-hydroxyalkyl-pyrrolidine, N-hydroxyalkyl-pyrazolidine, N-
hydroxyalkyl-hydrogenated 1,2,3,-triazole, N-hydroxyalkyl-hydrogenated 1,2,4,-triazole, N-
hydroxyalkyl-hydrogenated indole, N-hydroxyalkyl-hydrogenated carbazole, N-

hydroxyalkyl-hydrogenated quinoline, N-hydroxyalkyl-hydrogenated acridine, N-
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hydroxyalkyl-hydrogenated phenazine, N-oxyalkyl-N'-hydrocarbyl-saturated cyclic diazines,
N-hydroxyalkyl-N'-hydrocarbyl-saturated cyclic diazines, and N-alkoxyalkyl-N'-

hydrocarbyl-saturated cyclic diazines.

28.  The method of claim 23 wherein the reaction product is of the generalized structural

formula:

R

a

wherein R' and R? are independently selected hydrocarbyl group, a is an integer of 1 or 2,

provided that, where a is 2, the R' groups are independently selected.

29.  The method of claim 28 wherein the R' and R? groups are independently selected

hydrocarbyl groups of from 1 to 50 carbon atoms.
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