WO 2005/ 073352 PCT/ US2005/ 003112 DETERGENT / ANTI - OXI DANT ADDI Tl VES FOR
FUELS AND LUBRI CANTS | claimthe benefit under Title 35, United States Code,
120 to U. S. Provisional Application Nunber 60/539,590, filed January 29,
2004, enti tweckoddoFBI3EENT/ ANTI - OXI DANT ADDI TI VES FOR FUERSI/B8H00340BR CANTS. 5
BACKGROUND OF THE INVENTION 1. Field of the Invention This invention is
related to fuels, especially hydrocarbon fuels, and lubricants, especially
| ubricating oils, and, nore particularly, to a class of reduced ash
detergent / anti- 10 oxidant additives that are products of the reaction of
aci di ¢ organi ¢ conpounds, such as hydrocarbyl salicylic acids, basic organic
corpounds, Sm’ﬁnmmwwrmkmﬂm RBDEITVENPORFEELS AND UBRICANT®S

conprising an N-hydroxy al kyl noiety, and boron corrpounds such as boric

gg'uf'ceZOf Descr'ﬂl#%]th%fb @#P&Eﬂr‘iﬁﬁe é‘st& ﬁgtl rsei'?msn@ndial or
phenat es a% plwﬁ”“g;’%j é}g t' m engi ne ol [ﬁ{/t 0 provi de
deterg ncy @M’lﬁ ﬁy@@? e‘&égﬁf ssary conmponent s of

engi ne oils for both gasol %‘% s(ﬁ‘L onpl ete conbustion of
the fuel produces soot tha ﬁ‘%‘gﬁa?ﬁ ﬁt g‘m’ﬁt@ﬁ as well as carbon
and varni sh deposits. In the case of diesel fuel, 20 reS|duaI sulfur in the
fuel burnslin tHeldefthelavestiorhamber to produce sul fur derived acids. These
aci ds produce corrosion and corrosive wear in the engine, and they al so
accel erate the Thiegvaokimiisrelased torfuelgicspeciabyhydzocashon foelarand dubdicenss, er gents are
introduced into engine oils to
especially lubricating oils, and, more partlcular]y, to a class of reduced ash detergent / anti-
10 oxidant additives that are products of the reaction of acidic organic compounds, such as
hydrocarbyl salicylic acids, basic organic compounds, such as organic nitrogen base
compounds, particularly those comprising an N-hydroxy alkyl moiety, and boron
compounds, such as boric acid.
2. Description of Related Art
15 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 vamish deposits. In the case of diesel fuel,
20 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



neutralize these acidic conpounds, thereby preventing the formation of

har nful engi ne WO 2005/ 073352 PCT/ US2005/ 003112 0164- PA deposits and
dramatically increasing engine life. U S. Patent No. 5,330,666 discloses a
| ubri cant owlo20pss3eti on useful for reducing friction peyaseebsosnpal
conbusti on engi ne which conprises a lubricating oil basestock and an

al koxyl ated am ne salt of a hydrocarbylsalicylic acid of a defined formula.
5 U S. Patgygs-pp. 5 688,751 discloses that two-stroke cycle engines can be
effectively lubricated by supplying to the engine a m xture of an oil of

| ubricating viscosity and a hydr ocar byl - substituted hydroxyaromatic

;z;]r 3gxyl i Cdeﬂ’?hlﬂs]a@g|dfﬂnﬁf§§}§“n°f9§m gcr’ﬁ mre'l’irfeed am de, hydrocarbyl -substituted

salt or nonoval ent net aI sal t
thereof in an t duce n depo i ne. The
m xture 10 suppti gtf%ﬁ%g%ﬁﬁﬁﬁgs‘%ﬁf&l Sg cf)ﬁ'gﬁs%&b B’Z? g’ wei ght
of divalent, nmetals.. US, Patent No, 5,854 182 dISC oses t t|on of
magnesi um %UF‘&?@WE?H@E%‘H“ %?*h?ngrrt? vehighest L%‘&t‘ﬁﬁﬁﬁ&ff‘fﬁﬁb

uni formal |y dispersed in an extrenely fine partl cle size by using magneS| um
al koxi de anloxdatecdamine eplt ofiechygrosprltylsalichic cidof adefined fsmpllg ~ a neutral

sul phonate of an alkaline earth netal with magnesi um al koxi de and boric acid
under 35 anhydrd§sPatemtdia. 588,75 hdistlesep that byoesiroke cyclelenginesoan boeffestively ol | owed
by distillation to renmove alcohol and part of dilution solvent therefrom
The bor at ethbritatédisyesupplyingen the@agiaela nfixthtesof @nl oil of lubscatingrvissagityaad am bor at ed
netal detergent, which is said to exhibit excellent cleaning and dispersing

per f or mancpydrycartyl-SeRtuteddiydtoxyarématiccacboxgliad dcilorsdnastet, iunyubsatattdaande, ext r eme
pressure and antiwear properties. 20

hydrocarbyl-substituted amide, ammonium salt, hydrocarbylamine salt, or monovalent metal

salt thereof in an amount suitable to reduce piston deposits in said engine. The mixture
10 supplied to the engine contains less than 0.06 percent by weight of divalent metals.

U.S. Patent No. 5,854,182 discloses the preparation of magnesium borate overbased
metallic detergent having magnesium borate uniformally dispersed in an extremely fine
particle size by using magnesium alkoxide and boric acid. The preparation involves reacting
a neutral sulphonate of an alkaline earth metal with magnesium alkoxide and boric acid under

15 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.

20



2 WD 2005/ 073352 PCT/ US2005/ 003112 0164-PA U.S. Patent No. 6,174, 842

di scl oses a lubricating oil conposition that contains from about 50 to 1000
parts per mllion of nolybdenum from a nol ybdenum conpound that is oil-

sol ubl e andweubsstoasssz al |y free of reactive sul fur, aboutpds/G§00s003129, 000
parts per mllion of a diarylamne, and about 2,000 to 40,000 parts per
mllion of a phenate. This conbination of 5 ingredients is said to provide

i nproved ogjedapd on control and inproved deposit control to the |lubricating
oil. US. Patent No. 6,339,052 discloses a |lubricating oil conposition for
gasol ine and diesel internal conbustion engines includes a major portion of

o i t;@gmzﬁoagsgg‘gzadngéﬁ%mub;asg@g@ i A
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specified eri v fro cashe he The di.scl o ur es of
t he forego?qll 1%1 JuRsteiz YQ‘F%BP‘F‘? RGP ﬁ“ﬁg’ QP’elr Q‘# %%R’OHM%P%HP ‘PEP
SUMVARY OF THE | NVENTI O\I 15 According to the, present invention, net aI free
det er gent sdiafyipming. jand abawh 2090 ta 40, Ooﬁr@ﬁéPﬁd“'HW“r‘@&d’bF‘W& aFhigeqmahinatign ghini ¢
conmpound, a boron conpound, and a basic organic conpound. Preferably, the
aci di c5 or gigiedicotsripsaichtd [revideingroved okidetion ¢nntrgh andimpnved denasiy cortrok tache
substituted salicylic acids, di-substituted salicylic acids, oil soluble
hydr oxy cahbngatingoilaci ds, 20 salicylic acid calixarenes, sul fur-containing
cal i xarenes, and the acidic structures disclosed in

U.S. Patent No. 6,339,052 discloses a lubricating oil composition for gasoline and

diesel internal combustion engines includes a major portion of an oil of lubricating viscosity;
from 0.1 to 20.0 % w/w of a component A, which is a sulfurized, overbased calcium phenate
10 detergent derived from distilled, hydrogenated cashew nut shell liquid; and from 0.1 to 10.0
% w/w of a component B, which is an amine salt of phosphorodithioic acid of a specified
formula derived from cashew nut shell liquid.
The disclosures of the foregoing are incorporated herein by reference in their entirety.
SUMMARY OF THE INVENTION
15 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,
20 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;



U S. Patent Nos. 2,933,520; 3,038,935; 3,133,944; 3,471,537, 4,828, 733;

6, 310, 011; 3 WD 2005/073352 PCT/ U32005/ 003112 0164-PA 5,281, 346; 5, 336, 278;
5,356, 546; and 5,458, 793. Preferably, the basic organic conpound is an

or gani ¢ ni twogeusbsase conpound, such as one conpri si ng Eor/v&2005mosxy al kyl
noi ety, preferably an N-hydroxy or al koxy al kyl heterocycle, such as

N- hydroxy al kyl im dazolines, N al koxy al kyl im dazolines, or N5 hydroxy

al kyl pi pegggalpes. O her heterocyclics can be pyrrolidine, piperidine,

i m dazol i di ne, pyrazolidine and derivatives of indole, carbazole,

qui noline, and the Ilike. solubl e and water sol ubl e al kanol ani nes,

i ncl udi ng [ s those described in US. Patent
No. 3,692, gg%ygﬁsg @b‘f e use@é@ #ﬁ ﬁﬁpgﬁ corrpound can, for exarrpl e, be

bori 'd, t te in which th

conpr i a6 17 om IPEE" ﬁycg}s R Sl GibRinalf wy ddafy Fibost BHR SpRbib SBLY, ¢
d, b de, .h d | k b

20l d. i cyB BHRPPIBE HENABHEHY g lww%%qete"a}exém %'go%pséﬁlﬂwaa or oduct s

of these with al koxy, al kﬁ/ and/ or al kyl g]r oups, .and the |like. The

reaction thSﬁG@tﬁlepP‘GblaéléIs yex@e) alleih imidazodinese Nk amyalien! smidpsolisess ot - an oi |

when 15 eval uated using the panel coker test and excel |l ent anti oxi dant
per f or ranchydureraliel alperaziads. Qthenytesecyskicsrcan bie pyreglisine, piperiding imidgzalidingr i net ry
(PDSC). More particularly, the present invention is directed to a
conposi t i opyrazilidine sandgletitives efindolevagbazide) quinofing andithe dike. Oilgaluble asdpound,
a boron conpound, and a basic organic conpound.

water soluble alkanolamines, including polymeric alkanolamines, such as those described in

U.S. Patent No. 3,692,680 can also be used.
The boron compound can, for example, be boric acid, a trialkyl borate in which the
10 alkyl groups preferably comprise from 1 to 4 carbon atoms each, alkyl boric acid, dialkyl
boric acid, boric oxide, boric acid complex, cycloalkyl boric acid, aryl 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
15 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



20 4 WD 2005/ 073352 PCTI US2005/ 003112 0164-PA In anot her aspect, the
present invention is directed to a conposition conprising: (A a lubricant,
and (B) at | east one reaction product of an acidic organic conpound, a boron

conpound, awg 20058 Or gani ¢ conpound. 5 In still anot harfrepenbiiii he
present invention is directed to a conposition conprising: (A a

hydr ocarbon fuel, and (B) at |east one reaction product of an acidic organic
conpound, FedPLn conpound, and a basic organic conpound. In yet another
aspect, the present invention is directed to a nethod for reducing the 10
formati on of deposits in an internal conbustion engine which conprises

operating the j LI j . i:ng: 0j: t.al i ng. j.on product
of an acidic orelgg‘lr’flﬁger(?%cﬁgﬁ%oérwéﬁﬂdg‘?%hggésodﬁ%ggﬁg{ aaéadr?lﬁ(ﬁbgn%gglmg‘sgérﬁé%ni C
conmpound in a%&gunt effective to reduce the friction. DESCRI PTI ON OF THE

PREFERRED EVB I\r_f‘é“b“ﬁﬁi“sa’?%venti on relates to lubricant or fuel o
compr i Si ng. bor GB) - wit Ak OPOTREEE ROQCCIH IR (P TARIA AR on ot abi || ¢ y
in an internal conbustion engine oil. The |ubricant conposition conprises
(a) a naj otompepudanda basi¢ esameeempouadg. | | ubricating oil and (b) a m nor
anount of an additive that is the reaction product of an acidic organic
conpound, a badnaetill anaglariaspect) thequesent invedtion isdirected toraxempsition comprising:
(A) ahydrocarbon fuel, and
(B) at least one reaction product of an acidic organic compound, a boron
compound, and a basic organic compound.
In yet another aspect, the present invention is directed to a method 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



20 5 WD 2005/ 073352 PCT/ US2005/ 003112 0164-PA The Acidic O gani ¢ Conpounds
The aci di c organi c conpounds enployed in the practice of the present
invention include, but are not limted to, alkyl substituted salicylic

aci ds, di-swbsbostoasxsgl salicylic acids, oil soluble hydregypusmosumosmbi c
acids, salicylic acid calixarenes, sulfur-containing calixarenes, 5 and the
acidic structures disclosed in U S. Patent Nos. 2,933,520; 3,038, 935;
3,133, 944; 0163-PW 1, 537; 4,828, 733; 6,310,011; 5,281, 346; 5, 336, 278; 5, 356, 546;
and 5,458, 793. The substituted salicylic acids enployed in the practice of
the present invention are comercially available or may be prepared by

nmet hods known in the art, e. gah%&ﬁic ?%“3‘%1 o%mﬁ,sozs, 366. These salicylic

acids are of the formula: 10 erein R is a hydrocar byl
3 “Where a i5 oechieodficeondboiar Ahgah i Ao ful bllh BhEREC O D
hydr ocar bofeie Bl € et PRRCR. AN Sy iRiutdf atfe ot heealitpn v |, °°
06 ot "l B VRS BrGan erap Ry A or DRI SHRUPEs RBhEEBaR salxaenes,
5 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; 5,281,346; 5,336,278;5,356,546; and 5,458,793.
The substituted salicylic acids employed in the practice of the present invention are
commercially available or may be prepared by methods known in the art, e.g., U.S. Patent

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

10
H

COOH

R")

15 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

20 heteroatom substituents that do not alter the predominantly hydrocarbon nature of the group.



6 WD 2005/ 073352 PCT/ US2005/ 003112 0164-PA Exanpl es of hydrocar byl groups
i nclude the follow ng: (1) hydrocarbon substituents, i.e., aliphatic (e.qg.,
al kyl or alkenyl), alicyclic (e.g., cycloalkyl, cycloal kenyl) substituents,

aromatic substituents, aromatic-, aliphatic-, and alicygll &= i.futed
aromatic suWQtZP?Sﬁ]é'ﬁs%, and the like, as well as cyclic sﬁé@ﬁ?’tﬁ{fi@%@v\her ein
5 the ring is conpleted through another portion of the nolecule (that is,
for exanple, any two indicated substituents nay together forman alicyclic
radi cal ); ©264-Bdbstituted hydrocarbon substituents, i.e., those substituents
cont ai ni ng non- hydrocarbon groups which, in the context of this invention,
do not alter the predom nantly hydrocarbon nature of the substituent; those
skilled in the Examples of hydrararybgrofipssndhdeghofoblewingd (e. g., hal o, hydroxy,
mercapto, nitro, nitroso, sulfoxy, etc.); (3) heteroatom substituents, i.e.,

substituents thaf) Wtifobarbvhidbstithants,n@., alihatel @ng. it byalkénytly alicclivoe.gghar act er
within the context of this invention, contain an atom ot her than carbon

present in ' ' YtS Brdnpiiie SR tuehts CARASRAT- Hiphic(,and- . al koxy
or al kylt hicgsl{)ém%’u%lggilkghﬁh)e?{g?%gt (gmsrwi 'l be appgr ent to tl oslec of ordinary

Such subst RgRysf by s Bfcheb CRATRE i Bbict e oK IRRNEG WARER 21C
Subst | Suen AT 6B e P ool ERy SRR e R s BaES e CHER AL byl
group. Most preferably, there will be no such heteroatom substituents in
t he hydr ocandigatedysubstiuents may togefher faym amaliypha radicdllip i s purel y hydrocar bon.
20 .(2) substituted hydrocarbon substituents, i.e., those substituents containing non-

hydrocarbon groups which, in the context of this invention, do not alter the predominantly

hydrocarbon nature of the substituent; those skilled in the art will be aware of such groups

10 (e.g., halo, hydroxy, mercapto, nitro, nitroso, sulfoxy, etc.);

(3) heteroatom substituents, i.e., substituents that will, while having a predominantly
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

15 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.

20



7 WD 2005/ 073352 PCT/ US2005/ 003112 0164-PA In the formul a descri bed above,
R is hydrocarbyl. Exanples of R include, but are not limted to,
unsubsti tut ed phenyl phenyl substituted with one or nore al kyl groups, such

as net hyl th ropyl butyl, 5 pentyl, hexyl, heptyl, oct nonyl ,
decyl , |son3é’Pszx%? 5) 32 foregoing, and the |ike; phenyl u&?’??zﬂ%@é@ 32t h one

or nore al koxy groups, such as nethoxy, ethoxy, propoxy, butoxy, pentoxy,
hexoxy, heptoxy, octoxy, nonoxy, decoxy, isoners of the foregoing, and the
li ke; phely64-BAbstituted with one or nore alkyl amino or aryl am no groups;
10 naphthyl and al kyl substituted naphthyl; straight chain or branched chain
al kyl or al kenyl groups containing fromone to fifty carbon atons,

i ncl udi ng, but [dwhé forintild dcrited ab®iehR! is hpdrbsarbyl pEggmyples ¢flR \ihcludeebityake hexyl
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl,
pentadecyhmjhﬁgaq§cyl hept adecyl, octadecyl, oleyl, nonadecyl, eicosyl,
henei cosyl, docosyl, tricosyl, tetracosyl, pentacosyl, 15 triacontyl,

pentatriaconty pentacontyl, isoners of the foregoing, and the
i ke; and cyc su%ﬁ}tﬁéﬁgﬂén&tjps such as cycl opentyl, cycl ohexyl ,

IO GHRBSbed 5 BRI o o . >
di subgtit l;)gftgf thyl heptyl, octyla nlorrxlyltdhe%‘ylf gcr)rgyrls %f t eLtJoarLgSoullg, (a)urld the hﬁ(g’spect Hvely.
phenyl substituted with one or more alkoxy groups, such as methoxy, ethoxy,
propoxy, butoxy, pentoxy, hexoxy, heptoxy, octoxy, nonoxy, decoxy, isomers of the
foregoing, and the like;
phenyl substituted with one or more alkyl amino or aryl amino groups;
10 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,
15 triacontyl, pentatriacontyl, tetracontyl, pentacontyl, isomers 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

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



8 WO 2005/ 073352 PCT/ US2005/ 003112 0164-PA Salicylic acid calixarenes, for
exanpl e those described in U S. Patent No. 6,200,936, the disclosure of
which is incorporated herein by reference in its entirety, can be used as
the acid conpounds of the present invention. Such cali i ncl ude, but
are not | i m'PS~{0g335% cyclic compounds conprising m uni ?@@?ﬁﬁ‘bgf"ﬁﬁﬂ (la):
y s HO 10 COOR and n units of fornmula (Ib): R 151 R4/ R2 R~ joined
together to forma ring, wherein each Y is a divalent bridging group which
may be theOlGda®d or different in each unit; Ris Hor an alkyl group of | to
6 carbon atons; Rs is Hor an 20 alkyl group of 1 to 60 carbon atons; and |
is 1or 2, R is hydrogen, a hydrocarbyl or a hetero-substituted

hydr ocar byl group; either R is hydroxy and R2 and R4 are independently 9
WD 2005/ 073352 PCTI US2005/ 003112 0164- PA

Salicylic acid calixarenes, for example those described in U.S. Patent No. 6,200,936,
the disclosure of which is incorporated herein by reference in its entirety, can be used as the

acid compounds of the present invention. Such calixarenes include, but are not limited to,

5 cyclic compounds comprising m units of formula (la):
'l'
* Y
s)j
HO
10 COOR’
and n units of formula (Ib):
R'
*
Y\*
15
R’ R?
R’

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 alkyl 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



f either hydrogen, hydrocarbyl or hetero-substituted hydrocarbyl, or R and
R are hydroxyl and R is either hydrogen, hydrocarbyl or hetero-substituted
hydrocarbyl; mis froml to 8 n is at least 3, and m+ n is 4 to 20. Wen
nore than o ic acid unit is present in the ringpéq , the
salicylic g@azg%dﬁjrﬁht s (formula (la)) and phenol units é%lygrrﬁ)f)sé&;?f%)) are
distributed randomy, although this does not exclude the possibility that
in sone HOEQ% t.here may be several salicylic acid wunits joined together in
a row. Ea y i ndependently be represented by the formula (CHR6)d in
which R6 is either hydrogen or hydrogarbyl and d is an integer which is at

| east 1. In, one enbodi R6. 10 cont ai It06ca bon ong,,and in one
enbodi mentethr ydroges ﬁyﬂ”r%carhy'metmg?wa? RydapqReby) G0 R o B 67 PYere)
optionally be sulfur rather than (CHR6)d in up to 50%of t he unlts such
that the @RS %ﬁlerslmdfqaen,lhyémcybylatréatcmrﬁubﬁttutﬁd)m&maébx an iffrem 1808l e %
In one enbodinent, the anount of sulfur is between 8 and 20 nole % and in
one enbodiimdcasthandaoﬁpduﬁtbil(b sul fur-free. 15 For conveni ence, these
conpounds are sonetinmes referred to as "salixarenes” and their metal salts
as "sal i xar at e 3Whenl more tieanaib salicykdicid vhit iS pfelséht in fRe ring (i, dnwRythe salicylind R are
i ndependently either hydrogen, hydrocarbyl or hetero-substituted

hydr ogar bydid ugits (t%rrﬁ\hlh (1)) ahy gn@@aﬁﬂﬂw |(forfull €lbS) Pc distribhfel kaHdemly)uiticagir byl ; R
is H R5 is an alkyl group of 6 to 50 carbon atons, preferably 4 to 20 40

carbon at gﬁ‘ﬁdo o?eﬂ:rlf{f sylbﬁxty} tznri sGiité RRES hiére yb@@&efﬁl?alfégh@?cx@ val ue of

at | east erab east nore preferably at | east where mis |

or 2. Pr eft,%{tgﬁvln}'e’d Sl b ey

Each Y may independently be represented by the formula (CHR®), in which R® is

either hydrogen or hydrocarbyl and d is an integer which is at least 1. In one embodiment, R®

10 contains 1 to 6 carbon atoms, and in one embodiment it is methyl. In one embodiment, d is
from 1 to 4. Y may optionally be sulfur rather than (CHR®), in up to 50% of the units, such
that the amount of sulfur incorporated 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.

15 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, hydrocarby! 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

20 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 1.

10



WD 2005/ 073352 PCT/ US2005/ 003112 0164-PA I n anot her enbodinent, R and R
are hydrogen; R is hydrocarbyl, preferably alkyl of greater than 4 carbon
atons, nore preferably greater than 9 carbon atoms; R is hydrogen;

n-ni sfrom 6iv® 2bds07343d M s | or 2. For a review of callxa
Monogr aphs in Supranol ecular Chem stry by C 5 David Gu% c/ﬁgzooi@?}lés

Editor-J. Fraser Stoddart, published by the Royal Society of Chem stry,
1989. Cali &‘FEXS havi ng a substituent hydroxyl group or groups include
honocal i xa S oxacal i xarenes, honooxacal i xarenes, and heterocal i xar enes.
Sul fur-containing calixarenes, for exanple those descri bed in US Patent
No. 6, 268, 320, the disc| osure of i,ch is |nc porat ed re| n erence
inits entiret y,n angthepgrabodiment;R Eﬂ'\ggﬂ aﬁshyfiﬁ’ée‘h é’rﬁ?raﬁﬁéﬁ%l esent

i nvention. Such calixarenes include, but are not I imt ed to, conpounds
r epr esent edf gpaterthand garbon 3toms rsory prefersuly greatethan 9 vapbomaems; '35 hydrogen;
PCT/ US2005/ 003112 0164-PA wherein in formula (11): Y is a divalent bridging
group, at heasfs foora 6a6 12zdnd bis ldgi2ng groups being a sulfur atom R is
hydrogen or a hydrocarbyl group; either R is hydroxyl and R and
For a review of calixarenes, see Monographs in Supramolecular Chemistry by C.
5 David Gutsche, Series Editor-J. Fraser Stoddart, published by the Royal Society of
Chemistry, 1989, Calixarenes having a substituent hydroxyl group or groups include
homocalixarenes, oxacalixarenes, homooxacalixarenes, and heterocalixarenes.
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

10 be used as the acid compounds of the present invention. Such calixarenes include, but are

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

15

20
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R are independently either hydrogen or hydrocarbyl, or R and R are
hydroxyl and R is either hydrogen or hydrocarbyl; and n is a nunber having
a value of at least 4. 5 1In formula (I11), Yis a divalent bridging group or

a sul fur at with the proviso that at |east one Y gro | | fur atom
The di val en\%g]l}?‘?sé%?"'ﬁﬁ group, when not a sulfur atom Caﬁc@szﬁos&%y&?em

hydr ocar bon group or dival ent hetero-substituted hydrocarbon group of | to
18 carbon atons, and in a preferred enbodinment, 1 to 6 carbon atons. The
het er oat on81€4PAbe -0-, -NH, or -5-. nis an integer that typically has a
value of at least 4, preferably from4 to 10 12, nore preferably, 4 to 8. In
one enbodiment, n-2 to n-6 of the Y groups are sulfur atons, _in another
enbodi nent whergintio formulr @: Y ks divajens bpdging groumiat least one aEsaidibradging grownsi r d
enbodi ment, one of the Y groups is a sulfur atom Preferably, the anount of

sul fur i neengesdhe dtonn R® hehydedgen ar ehirscarbybgroms eitberdtids Byiromll endR’ andch t hat
between 5 and 50% of the groups Y in fornula (11) are sulfur atons. Mbre

pr ef er abl y p4 hfggndepBrdehtlydither hyddbgeh Sr hydpodamiyVeER? &ndeRrchre Rydrokyd afid Rl s one
enbodi ment, when is not a sulfur atom it is a divalent group represented

by the fo ' 11C i ' : hydrocar byl
gﬁ:ﬂ:& ﬂ%ﬁ%ﬁ% 26 cé’x‘ﬁ?l dhd6is hﬁl.\xgbér'?ﬁi?mgx%lﬂg 8PatQéast4

group and er that 1's at ast one. R6 is preferably a
Chrboratoms. EXCiBraepn it Al et e dresp of Eouadatdhy BAENRE BRbito i de® ©
pont addecy! ekstiosk 3-ioyn B HbiinAE, e SNtIe Sogeine POGhoveengl? E Ny B sf  ana
the like. Preferably, d is 12 WD 2005/073352 PCT/ US20051003112 .0164- PA
froml to Yeagdiypleniiydrocaren grqupiop dlZ?le%M\ﬂterﬂﬁ‘ﬁ’s @figv FV,%O'HWEP ¥ TRI84ef i ned
above, the term
carbon atoms, and in a preferred embodiment, 1 to 6 carbon atoms. The heteroatoms can be
-0-, -NH-, or -S-. n is an integer that typically has a value of at least 4, preferably from 4 to
10 12, more preferably, 4 to 8. In one embodiment, n-2 to n-6 of the Y groups are sulfur atoms,
in another embodiment n-3 to n-10 of the Y groups are sulfur atoms, and in a third
embodiment, one of the Y groups is a sulfur atom. Preferably, the amount of sulfur
incorporated in the calixarene is between 5 and 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
15 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,

20 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



"hydrocar byl groups” includes hetero-substituted hydrocarbyl groups, and are
preferably those in which the heteroatom typically -0-, -NH, or -S-,
interrupts a chain of carbon atonms, an exanple being an al koxy-al kyl group
of 2 to 20 r R is hydrogen or a hydrocarbyl gr j y be
derived froﬁn?’az%g@??g?efi n, for exanple polyethyl ene, po\ge;/llg'r’%z y Ogrqlé?a
pol ybutyl ene, or polyisobutylene, or a polyolefin copolyner, for exanple an
et hyl ene/%o6py+ene copol yner. Examples of R include dodecyl and octadecyl.
Het er oat o ,4i' Apresent, can again be -0-, -NH, or -S-. These hydrocar byl
groups preferably have I to 20 carbon atons, nore preferably, | to 6 carbon
atonms. 10 Either R is hydroxyl and R2 and R are independently either
hydr ogen ofromHyte Bomarenreferably IRo 2aend most areferaiindog Y| Aglafiped abgvesitherferm
hydrogen or hydrocarbyl. In one enbodinent, R is hydrogen, R and R are
hydr oxyl , hydroearbylsgreupsh includychetayesubstitutddyhydocanbilygroups, ardeard prefesdbdy (11) and
the calixarene is a resorcinarene. The hydrocarbyl groups preferably have |
to 24 car bthessinaviich the h&teaeme typithlty 104 NH- oc&- iaterrapte a®hair ofcatbon atoms,
het er oat ons, when present, can be -0-, -NH, or -S-. In one enbodinent, Y is
ei ther sul fhigxatipld ekn alkoxmwm%Bﬂtma%nR and Ris hydrogen and the
ot her is hydrogen or "hydrocarbyl; and R are independently either
hydr ogen or hy | byt i i i 1,

¢ ! dROg ﬂ?r(gr?f%en dra h?&ro%ﬁ{/l%ﬁ%p, @ng? 3’}323’? gen%'aqi'cﬁn h Bol%lehﬁ,%lt

preferably I to 4, prefer r and are hydrogen

d R is hydr I f I | kvl 20
gpef er a'bisyeé%gi{éqﬁ?%%ﬁé&lﬁ%@@%y&oﬁ% gg{?{}legorr Eyzsr% ﬁéﬂfﬁg’@ aéglryggeﬁﬁat ons; 13
andthe. of FEBDMEr Pt RGP AeSRLr<iaroRs ok Forepmsto Fxgpples of : inchudeaodbl °9°"

and octadecyl. Heteroatoms, if present, can again be -O-, -NH-, or -S-. These hydrocarbyl

groups preferably have 1 to 20 carbon atoms, more preferably, 1 to 6 carbon atoms.

10 Either R' is hydroxyl and R? and R* are independently either hydrogen or
hydrocarbyl, or R? and R* are hydroxyl and R' is either hydrogen or hydrocarbyl. In one
embodiment, R' is hydrogen, R? and R* are hydroxyl, and R? is either hydrogen or
hydrocarbyl in the 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

15 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 e is at least 1, preferably 1 to 4, more
preferably, 1. Preferably, R? and R* are hydrogen and R is hydrocarbyl, preferably alkyl of

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

13



hydrogen. The foregoing sul fur-containing calixarenes typically have a
nol ecul ar wei ght below 1880. Preferably, the nolecular weight of the
sul fur-containing calixarene is from460 to 5 1870, nore preferably from 460

to 1800, nowb 2pusehsssnbly 460 to 1750. Acids descri bed i npdd/Es2086308132 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 incorpgjej-pd herein by reference in their entirety, can also be used as
the acid conpounds of the present invention. 10 Mdrre specifically, such
acids include, but are not limted to, conpounds of the formula: 1

nyar ocar bodtt 09 B SERCls rolPh e el P RARGIEADY o) BRERRD, o

simlar toht ese include 3,5,3 ,5 -tetra-substituted 4,4' - di hydroxynet hyl
car boxyl i c™8EP#E: acids of the fornula 14 WD 2005/ 073352 PCT/ US2005/ 003112

0164-PA OH O_K}'Tg% folegz)(ing sulfur-containing calixarenes typically have a molecular weight below
1880. Preferably, the molecular weight of the sulfur-containing calixarene is from 460 to
5 1870, more preferably from 460 to 1800, most preferably 460 to 1750.
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; 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:
R,
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



)X R~ 5 XX X X wherein X and X are independently selected fromthe
group consisting of hydrogen, hydrocarbyl, hal ogen, R is polynethylene or
branched or unbranched al kylene, and x is 0O or 1, i.e., when x is zero, R
is absent, and when x is 1, Ris present, and R is hyd

hydr ocar byWO 2pp078¥2ds and salts described in U.S. Pate%@ﬂﬁgg8§%%§§1,346;
5,336, 278; 5,356, 546; 5, 458,793; and 6,310,011 are simlar to the above and
are also‘ﬁ%g; | ated for use in the practice of the present invention, as
are those of the formula 1 R 15 HOB R3 - R4 x R2 wherein R, and R2 are
hydr ogen, hydrocarbyl groups containing | to 18 carbon atons, or tertiary
al kyl or aral kyl groups containing 4 to 8 carbon atons (but both R and R2
cannot be 20 hydrogen) R3 and R4 are independently selected fromthe group
consi sting of hydrogen, hydr groups, and cycl oal kyl

groups, and x = 0to 24. 1 33%2 PCT/*US2005/ 003112 0164-PA QG |
sol ubl e hydroxy carboxylic acyg . limted to, 12-hydroxy
stearic acid, al pha hydroxy and the |like can al so be

enpl oyed as the acidic X

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

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 similar to the above and are also contemplated for use in the
practice of the present invention, as are those of the formula

— T R,

\ / OH
L Jx R,

w

15 HO

NS
~0
—O)—
-9

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
20 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.

15



conpound of the present invention. The Basic O ganic Conmpounds 5 As noted
above, the basic organic conpound enployed in the practice of the present
invention is preferably an organic nitrogen base conpound, such as an one

conpri si ng wQ 2bhsP¥sds oxy al kyl noiety, preferably an N &Ff al koxy
al kyl heterocycle, such as N- hydroxy al kyl im dazoli negl?/ %‘?‘&5@5‘2‘}"}% Kyl

i m dazol i nes, and N-hydroxy al kyl piperazines. Oher heterocyclics that are
within thﬁ éﬂ; e of the invention include, but are not limted to, 10
pyrrolidi é a %i peri di nes, imdazolidines, pyrazolidines, and derivatives of
i ndol e, carbazole, quinoline, and the like. Both water soluble and oil

sol ubl e al kanol.am nes, including_  polyneric al kanol am nes, such as those
described in UOH solshledwdroxy carboxsdis agidpincluding gt gotlimitedstadl 2-kydsoxyinatierer i c

al kanol am nes can be prepared by reacting a suitable amne with an

epi chl or okgidrdlphadudieay parboxylis acis ansthe ke cap alsgdegBplayed a3 hsecidisuch a
reaction wherein the 15 amne used as a reactant is selected fromprimary

al i phat i c campound of thetpadsemtngveintiom 12 to 40 carbon atons and N-aliphatic

pol yam nes includi ng N-al kyl - 1, 3-di am no-propanes in which the al kyl
contains at |east 12 carbon arkeBasitOrginid Copoumdset hyl enedi am nes,

N-al i phatic di am nobut anes, -pentanes, -hexanes, and the like in which the

al i phatic gr oupsaeRd abdve, the 848ic drdarli®cdtipound BRpPlogéPiBhe Pldctic? of ReAidant073352
PCT/ US2005/ 003112 0164-PA O her ‘organic nitrogen base conpounds that are

el T RRASSTRPln RS ek BRI S s
hydroxy alkyl moiety, preferably an N-hydroxy or N-alkoxy alkyl heterocycle, such as N-
hydroxy alkyl imidazolines, N-alkoxy alkyl imidazolines, and N-hydroxy alkyl piperazines.
Other heterocyclics that are within the scope of the invention include, but are not limited to,

10 pyrrolidines, piperidines, imidazolidines, pyrazolidines, and derivatives of indole, carbazole,
quinoline, and the like. Both water soluble and oil soluble alkanolamines, including
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

15 amine used as a reactant is selected from primary ;liphatic 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.

20
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3,673,186; 3,787,416; the disclosures of which are incorporated herein by
reference in their entirety. Such conpounds include, for exanple,

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

N- hydr oxyal %yl z880783¢¢ | oal kyl - pi perazi nes, N hydroxyal kyi,cfyusﬁbgmgm
hexahydr opyri m di nes, N-hydroxyal kyl - N - cycI oal kyl  hexahydropyri m di nes,

N- hydr oxyal kyl - N -al kyl hexahydropyri dazi nes, N hydroxyal kyl -N - cycl oal kyI
hexahydrop)ﬁMig&l nes, N- hydroxyal kyl - pi peri di nes, N-hydroxyal kyl -N -al kyl -
i m dazol idines, N hydr oxyal kyl - N -cycl oal kyl -i mi dazol i di nes,

N- hydr oxyal kyl -pyrrolidine, 10 N-hydroxyal kyl - pyrazol i di ne,

124, 1Y asel oOURE %%%hﬁrssmﬁﬂsm%é%@ﬁa@m bt 4° ke oA AR

hydr ogenat ed car bazol e N- hydr. ox kyl - hydr o ena uin .

N- hydr oxy atRGRIONHYE Rdsy WA RRtAETe 3 ithahosgidisclg e@ggﬁﬁ‘mﬁ%wg{s@&

phenazi ne, N-o0Xx aI K N- hydrocar byl -saturated cyclic diazines

N- hydr oxyaPi6y3.] 5{8&ﬁéédh@ghsclgwr@srcﬁmh@mnmrpw&hawm@srefeame in their

N al koxyal kyl - N - hydr ocar byl -saturated cyclic diazines, wherein the

hydr ocar by kntireiye Shescompoundsahelnde; for exanplel Iﬂwdroxyaljm-lphnrdzmes, N-7 WO

2005/ 073352 PCT/ US2005/ 003112 0164-PA The Boron Conpounds The boron
conpoufid capdrokyatkybNaalRylepipdreziies) N<ydokghlkyd-N'icydodipl-piyetadiresj ¥ whi ch t he

al kyl groups preferably conprise from1 to 4 carbon atons each, alkyl boric

acid, dial kﬁdroxﬁﬂ{yl-ﬂ'-ﬂﬁ Ichex@ididpyfiniidifies, Ryioxpetkydl- NRpEIbalKy] cycl oal kyl boric
acid, aryl boric acid di cycl oal kyl boric acid, diaryl boric acid, or

fﬁgsf : Lgt i %gbﬁapg&g%&fﬁn%:ifsﬂfesp ;N;ﬁygﬁcr)%yafk@l -R- Klﬁﬂmexﬁyhﬁbbyndaéﬂﬂé N-hfdrb¥alkgl-RUPS, and
cycloalkyl hexahydropyridazines, N-hydroxyalkyl-piperidines, N-hydroxyalkyl-N'-alkyl-
imidazolidines, N-hydroxyalkyl-N'-cycloalkyl-imidazolidines, N-hydroxyalkyl-pyrrolidine,

10 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-hydroxyalkyl-hydrogenated phenazine, N-oxyalkyl-N'-
hydrocarbyl-saturated cyclic diazines, N-hydroxyalkyl-N'-hydrocarbyl-saturated cyclic

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

hydrocarbyl moieties are preferably sec-alkyl or cycloalkyl.
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The reaction of the boron conpound with the acidic and basi c conpounds of
the present invention can be effected in any suitable manner. In one nethod
t he aci di ¢ conpound and boron conpound are refluxed in presence of 10
suitable s | udi ng napht ha and pol ar solvents s and
nethanol.(&q%§%§bﬁ |cient time the boron conpound dissg§€g§ﬁ%%%?§%pon t he
am nic conpound is added slowy to effect neutralization and formation of
desired deb q@p Diluting oil can be added as needed to control

Vi scosity, Hé cularly during renmoval of solvents by distillation. An

al cohol, including aliphatic and aromatic al cohols, or a nercaptan,
|nclud|ng 15 aliphatic and aromati c_nercaptans, can be included in the
reaction charge. Preferred ali phdpf8oren Compowndsnc| yde net hanol , et hanol ,

propanol, butanol, pentanol, hexanol, heptanol, octanol, nonanol decanol
undecanol , dodeBierhwiron compgundieas, for exampleide batie ac%éﬁtld&ﬂc@ﬁm in weighthecanol |
heptadecanol oct adecanol, nonadecanol, eicosanol, isoners thereof, and the

l'i ke. Pref ﬂkylegﬂoupammfa‘hbly cahpniﬂed’t(m | tcd caibormtmnmeachmik;sddbbric agid,eiialkyl and the
| i ke. The al cohol or aromatic 20 phenol noiety may be substituted with
al koxy gr obgiic #2id, bbiii OGide) Byri@icid fsmplék, eeodled borieidid phydberi¢ add,ude but yl
nmer capt an, pentyl nercaptan, hexyl nercaptan, heptyl nercaptan, 18 WO

2005/ 0y 3358.cf dlﬁﬁ%@.@éé&@ ek bofid 6da) P(ﬁ s@&smdnoﬁ@fdaw& 8Nthe KON allif&fyc ARyIAN,

decyl nercapta undecyl nercaptan, dodecyl nercaptan, and the |'ike, as

wel | as thj ?Mﬁrethggfgen@%ﬁkc EQ&@MAE%PJ& nd the like. The precise

structures antr - oxl da Itives of the present
i nvention are ot f er st ood, \Y} f odi nent ,
'n which a Cl6 W?° nPE RS mnccogl@%r% W neild 180 oo S RIRE e

i m dazol i ne mrer ci uct ]
pregent 1nvent10n can ge egecte in a?ny suxtable manner.

In one method the acidic compound and boron compound are refluxed in presence of
10 suitable solvents including naphtha and polar solvents such as water and methanol. After
sufficient time the boron compound dissolves whereupon the aminic compound is added
slowly to effect neutralization and formation of desired detergent. Diluting oil can be added
as needed to control viscosity, particularly during removal of solvents by distillation.
An alcohol, including aliphatic and aromatic alcohols, or a mercaptan, including
15 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
20 phenol moiety may be substituted with alkoxy groups or thioalkoxy groups. Preferred

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

18



boric acid, mass spectronetric analysis indicated that the structure of the
reaction product was: 0 H33C 6 10 AD N O~ nbo - v C1l7H33 Wen a Cl16

di al kyl salicylic acid was enployed in the reaction, the analysis indicated
15 the fol | g ResFissgctural formula: 0 H33Cle \ | N~ B iT/ 2?)03/«93&11 20
Cl SH33 CnH33 19 WD 2005/ 073352 PCTI US2005/ 003112 0164-EJ ose skilled in
the art will thus understand that the foregoing |leads to the foll ow ng
general i ze%@;_i,xctural formula for this particular aspect of the present

i nvention:

octyl mercaptan, nonyl mercaptan, decyl mercaptan, undecyl mercaptan, dodecyl mercaptan,
and the like, as well as thiophenol, thiocresol, thioxylenol, and the like.
The precise structures of the detergent / anti-oxidant additives of the present invention
are not fully understood. However, in one preferred embodiment, in which a C,; alkyl
5 salicylic acid was reacted with hydroxyethy! oleic imidazoline ( a commercial product) and
boric acid, mass spectrometric analysis indicated that the structure of the reaction product

was.

H33C18

’ /I\ /\//N’\/>
0 o N\

C17H33

When a C,; dialkyl salicylic acid was employed in the reaction, the analysis indicated

15 the following structural formula:

0
HSSCW
(@] N
||3 /\/jD
0/ ~N o N
20 \
C16H33

C17H33
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51/ B NOONRZ (R)a wherein R is preferably a hydrocarbyl group,
preferably al kyl, of, preferably, from1l to 50 10 carbon atons, nore
preferably 12 to 30 carbon atons, nost preferably 14 to 18 carbon atons, a
is an inte 2 (where a is 2, the R groups arepgd |y

sel ect ed, ?iﬁgz,@(fsmtlrﬁg% may be the sane or different), an wg?jsa%ﬁ%

i ndependently sel ected hydrocarbyl group, preferably alkyl or al kenyl,
preferably P%C-lf‘ oml| to 50 carbon atons, nore preferably 12 to 30 carbon
at ons, nns? referably 14 to 18 carbon atons. 15 Clearly, the use of
alternative starting materials, as described above, will lead to different,

but anal ogous, structuyres hat within the scaope of th resgnt .

i nvention. The fa}b(HF FPU%‘E‘"&#“’ Wl&'ﬁ[)&‘@% fﬁtwg‘m' iﬁg&gggglngiegg%f%atﬁq s)ﬂﬁg’&gul as
conmponents in nman different |ubricating oil and fuel conpositions. The
addi ti ves eensrabged sipctwd Jormulasfoy this rarticular aspsey of the preseptiBvention; ng vi scosity
i ncludi ng natural and synthetic lubricating oils and m xtures 20 thereof.
The additives can be included in crankcase lubricating oils for
spark-ignited and conpression-igoited internal conbustion engines. The
conpositions can also be used in gas 20 WO 2005/ 073352 PCT/ US2005/ 003112

0164- PA engi ne |ubricants, {urbind lubricants, automatic transnission
fluidss gear |ubricants,

9 ubri cants, wor ki ng | ubricants,

hydraulic fluids, and ot | upricatilng oil and leas conpositions. The
i pt or fauel conposi tijons:
o// \\o N

additi ves can also be u
R2

wherein R! is preferably a hydrocarbyl group, preferably alkyl, of, preferably, from 1 to 50

10 carbon atoms, more preferably 12 to 30 carbon atoms, most preferably 14 to 18 carbon
atoms, 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), and R? is an independently selected hydrocarby! 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.

15 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

20 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 invention be included
inthe oil, 5 fuel, or grease in a concentration in the range of from about
0.01 to about 15 % Use with Other Additives The additives of this

invention cwpBgHsRY as either a partial or conplete replae&fiosil OF a
detergent currently used. They can al so be used in conbi nat| on W|t1h ot he

| ubricant additives typically found in fuels and notor oils, such as

di spersant §164pAi - Wear agents, 10 extreme pressure agents, corrosi on/ r ust
i nhibitors, antioxidants, anti-foamants, friction nodifiers, seal swell
agents, derrul sifiers, Viscosity I|Index (VI) i nprovers, metal passivators,

S0 Rl RSPl e Bt oL s 22

|ng o |ves "the

di scl osure of which. i.s |nco ere enc ndts enti.rety. 15
Excanpl o5 oPSTORTEGF Bhicaots, melaETHE RSBty e Syl Aihbd drkatiy o

pol yi sobutyl ene succinate este Nhnnlc Base, ashl ess, di spersants, and the
li ke. ExanpPhsreass compesitpnst e AdHH{Fa AN RLER oo AmeioE FIShRWRPOSIRAT | ~and

al kaline earth metal salts of sulfonic acids carboxylic acids, alkél
phenat es and al kys prefeited {hat the sempesitiqns afihe ereserrt inysatiendbedapinded indha
al kyl ated di phenyl am nes, N al kyl ated 20 phenyl enedi am nes,
phenyl § a- naphtongteastiina ,coacteh;rhtéctneid thetremgelof fromagbhut/0 ltwi abeyt 165i Wi, hyl
qui nol i nes, trinmethyl di hydroqui nolines and oligoneric conpositions derived
therefrom 21 WO 2005/ 073352 PCTU$SZith Otk Xdiditivés164- PA hi ndered phenol i cs,
al kyl at ed hydroqui nones, hydroxyl ated thiodi phenyl ethers,
al kyl i denebi sphgROAditivied bPRIsARVENBA B beBéPds! citfiercth paiif) ©AEAApIBle 8éplacement
for a detergent currently used. They can also be used in combination with other lubricant
additives typically found in fuels and motor oils, such as dispersants, anti-wear agents,
10 extreme pressure agents, corrosion/rust inhibitors, antioxidants, anti-foamants, friction
modifiers, seal swell agents, demulsifiers, Viscosity Index (VI) improvers, metal passivators,
and pour point depressants. 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.
15 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
20 phenylenediamines, phenyl-a-naphthylamine, alkylated phenyl-a-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, oil sol uble copper conpounds,
and the like. The follow ng are exenplary of such additives and are
comercially available from5 Cronpton Corporation: Naugal ube(r) 438,

Naugal ube 4g8lagoshigssgal ube 640, Naugal ube 635, Naugal ubep@Fls200¥04sas Ube ANS,
Naugal ube APAN, Naugard PANA, Naugal ube TMQ  Naugal ube 531, Naugal ube 431,
Naugard(r) BHT, Naugal ube 403, and Naugal ube 420, anpbng others. Exanples of
anti - wear @ﬂﬁ%ﬁhves that can be used in conbination with the additives of

10 the present T nvention include organo-borates, organo-phosphites,

or gano- phosphat es, organic sul fur-containing conpounds, sulfurized ol efins,

sul furized, fatt cid derivatives (.esters |, Q.| ffins, zinc

di al kyl di t At B’ﬁ% BE‘H‘&P‘%% alkyjafeg ha?raﬂé)f'mefmvémféﬁﬁ 39*%@,35&3'&%@% osul furi zed
hydr ocar bons, .and the |ike. The follow ng.,.are exenplary of such additives
and are coﬁ%‘r‘@"ﬁ‘l’lﬁﬁhe%‘&iW'QBHOBIW%%WT‘H}&‘?MF’por ation: Lubrizol 677A,
15 Lubrizol 1095, Lubrizol 1097, Lubrizol 1360, Lubrizol 1395 Ltﬁri zol
5139, and ldd-dimsrcapwgiaiazelenng demvatives, oitseluble £2PRST compaunds, andrihgilkeer
include fatty acid esters and am des, organo nolybdenum conpounds,

mol ybdenuniTte &lloyling aré exemeplaoy ofisush additivestadé argreonimerdiglly avgilatle Gpmosphat es,

nol ybdenum di sul fi de, tri-nolybdenum cluster dial kyl dithiocarbanates, 20

non- suf f ur Oasrhpton CorporatioapNaupdkibef B8, Naugalube 438 Naugalhbeb4y Nangalubeddpl ary of
such additives and are commercially available fromR T. Vanderbilt Conpany,

VoL yvan B0y Kol yuan Son. Mol ywan 883" Vol yvan 595,  anbng ot hers. The
Naugalube 531, Naugalube 431, Naugard® BHT, Naugalube 403, and Naugalube 420, among
others.

Examples of anti-wear additives that can be used in combination with the additives of
10 the present invention include organo-borates, organo-phosphites, organo-phosphates, organic
sulfur-containing compounds, sulfurized olefins, sulfurized fatty acid derivatives (esters),
chlorinated paraffins, zinc dialkyldithiophosphates, zinc diaryldithiophosphates,
phosphosulfurized hydrocarbons, and the like. The following are exemplary of such
additives and are commercially available from The Lubrizol Corporation: Lubrizol 677A,
15 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 dialky!
dithiophosphates, molybdenum disulfide, tri-molybdenum cluster dialkyldithiocarbamates,

20 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 comrercially

avai l abl e from Asahi Denka Kogyo K. K. : SAKURA- LUBE 100, SAKURA-LUBE 165,
SAKURA- LUBE 300, SAKURA-LUBE 3100, SAKURA-LUBE 321, SAKURA-LUBE 474,

SAKURA- L UBEW® 60N 7382KURA- LUBE 700, anong ot hers. The f obCoobmgsesazal so
exenplary of such additives and are comercially avail able from Akzo Nobel
Chem cal s GbH Ketjen-Ox 77M Ketjen-Ox 77TS, anong ot hers. An exanpl e of
an anti-fo@gapai s pol ysil oxane, and the |ike. Exanples of rust inhibitors
are pol yoxyal kyl ene pol yol, benzotriazole derivatives, and the |iKke.
Exanmples of 10 VI inprovers include olefin copolynmers and di spersant olefin

Séf’;’h%?ﬁéirﬁﬁf TRades 80‘(%%‘@5%??%?%%%%é‘ﬁ%%?ﬁc%ﬁé%&ﬁ%ﬁns when
ot sG-S AP s of o b REL ol PR, BB ERGR b -

15 )
hadi ti vas. DRI Kogod K StifiRa 7RE 156, %M%S%W%@%&%SM
0164- PA TABLE 1 Additives Preferred V‘él % Nbr e _Pref erred i ght %

| nprover 1 SAKURA LU 3 WG, SR RALLURE 3 §Mlb‘\'é@%$  SRKERA Erhi b| tor

0.01-5 0.01-1.5 Dispersant 0.1-10 0.1-5
5 600, SAKURA-LUBE 700, among others. The following are also exemplary of such

additives and are commercially available from Akzo Nobel Chemicals GmbH: Ketjen-Ox
77, Ketjen-Ox 77TS, among others.

An example of an anti-foamant is polysiloxane, and the like. Examples of rust
inhibitors are polyoxyalkylene polyol, benzotriazole derivatives, and the like. Examples of

10 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

15 functions. Representative effective amounts of such additives are illustrated in TABLE 1.
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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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desirabl e additives to form additive-packages containing active ingredients
in collective anounts of, typically, fromabout 2.5 to about 90 percent,
preferably fromabout 15 to about 5 75 percent, and nore preferably from

about 25 peywesgssdisssabout 60 percent by weight additiveset f/ﬂsio&%o@ﬁﬁ” opriate
proportions with the remai nder being base oil. The final ornul ati ons can

typically enploy about I to 20 wei ght percent of the additive-package with

t he renai nﬂg‘b\?ﬁl ng base oil. Al of the weight percentages expressed herein
(unl ess ot Se indicated) are based 10 on the active ingredient (Al)
content of the additive, and/or upon t he tot aI wei ght of any

addi ti ve- package,. or fornulation, sum_o he wei of
each addi tiP(FéetCB?'ﬁg ?“H‘é“’\f\/@}- Sarff ?‘E’F‘" iﬁ“seﬂhle sB‘i’Je‘a |a1q‘§37‘ﬁs °fIﬂFF F&%ﬁ?@‘r‘&]’e"t‘? e

| ubri cant conpositions of the invention contain the additives . in a

concent r at c&hbe addgd teosmallamaupts of bese @ or ethsbenmpatible\selvemts aloag withiothep
concentration range for 15 the additives ranging fromabout 0.1 to about 10
wei ght per desitableadditivestotform additivie-packages confainihgaative ingoedirmngs injcollecttive
preferred. A nore preferred concentration range is fromabout 0.2 to about
5 wei ght pamoaits of, §picatip fesnn bbamit 25 tohbdun8) perdérit preferablyrfrano abaut bS foaboutabout 1
to about 75 weight percent of the additive reaction product in a carrier or

di  uent oi 175 @brcbntbiridaiére Peeférhbly fiomsabost 25ypercéft 18 abMP68 Yokl by Ifeight
PCT/ US2005/ 083112 0164- EA In éener al, t%be additives of the present

R e s TR R R A A
formulations can typically employ about 1 to 20 weight percent of the additive-package with
the remainder being base oil.

All of the weight percentages expressed herein (unless otherwise indicated) are based
10 on the active ingredient (AI) content of the additive, and/or upon the total weight of any
additive-package, or formulation, which will be the sum of the Al weight of each additive
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
15 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.

20
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stock fraction having a kinematic viscosity at 100C of about 2 to about 200
cSt, nore preferably about 3 to about 150 cSt, and nost preferably about 3
to about 100 cSt. The 5 lubricating oil base stock can be derived from

natural | ubwiogcabd/assei | s, synthetic lubricating oils, opciiysdons®skhereof.
Sui tabl e lubricating oil base stocks include base stocks obt ai ned by

i sonerization of synthetic wax and wax, as well as hydrocracked base stocks
produced byedlpdr ocracking (rather than sol vent extracting) the aromatic and
pol ar conponents of the <crude. Natural lubricating oils include aninma

oils, such as lard oil, vegetable oils (e.g., 10 canola oils, castor oils,

sunf I ower oils) etr eum nera oils pks der| fr coal

or shale. Many Pﬁ' }&e qdﬂgxrve%%qpl%prﬁeg 'I?X%Whlaﬁe d‘ﬁgﬂg}?v e‘ﬁ bl

useful as a,base u for lubricatin 0Si t] ons cont ai ni ng
the subj ecfll aﬁuf‘ﬂ‘li%grr“ ﬁﬂf@ %Jfbasg%‘i‘ﬁé?%"%tWBEﬁ’féém 5“%11“ iang o h@a in the
publ i cations, SYNTHETIC LUBRI CANTS by R C. 15 Gunderson and A. W Hart,

publ i shed stpciEadiion |hav1(lma*lnemgezrfcosmmoéﬁpmombw 3hopE WSt more. R
Braithwaite, ed., published by El sevier Publishing Co (N.Y., 1967),

Chapt er 4, prderetdy agait 8 1t abayh 1 30eSt, andynashprefecablyghont 3ta about HESSYNEHET] C
LUBRI CAI\FI'S by M W Ranney, published by Noyes Data Corp., (Park R dge,

N. J., 3972)ubrithtageilthasd stock canrbs derieedifromongranablibrcating eils) sbx;thetisflebrimtmg to
establish the state of the art in regard to 20 identifying both general and

speci fi c t yigor Mixtaies tHeedof . CShitible 16Brivatingbil bdte cRBkDiACIUBEBAsE Btocks@biaiitd by ON
with the additives of the present invention. 26 WD 2005/ 073352

PCTI US20054883 kdion 3 SrtniRfic WistSind Wakf4d |wcﬂ>é@h?&5b&cﬂcﬁ%ée¢s?&dk§‘9roﬁ@&ﬁ bpi | s

i ncl ude hydrocarbon oils derived fromt
hydrocracking (rather than solvent extracting) the aromatic and polar components of the

crude. Natural lubricating oils include animal oils, such as lard oil, vegetable oils (e.g.,
10 canola oils, castor oils, sunflower oils), petroleum oils, mineral oils, and oils derived from
coal or shale.

Many synthetic lubricants are known in the art and these are useful as a base
lubricating oil for lubricating compositions containing the subject additives. Surveys of
synthetic lubricants are contained in the publications, SYNTHETIC LUBRICANTS by R. C.

15 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

20 identifying both general and specific types of synthetic lubricants which can be used in

conjunction with the additives of the present invention.

26



pol ynmeri zati on or copolynerization of olefins, such as pol ypropyl ene,

pol yi sobutyl ene and propyl ene-i sobutyl ene copol yners; and the

hal ohydr ocarbon oils, such as chlorinated polybutylene. OQher useful

synt hetic | jncl ude those based upon al kyl benzeﬂgﬁ as
dodecylben?gggyg%t??g-decylbenzene, and those based upon poF%%ﬂ%ﬁ§$%, such
as bi phenyls and terphenyls. Another known class of synthetic oils useful
as base Oi&fﬁlﬁﬁ t he subject lubricant conpositions are those based upon

al kyl ene oxide polymers and interpolyners, and those oils obtained by the
nodi fication of the term nal hydroxy groups of these polyners, (i.e., by the

10 esterificati herj fj cat i t he hyd . . Thus, ful
base ol |5 ar o obbs ot SPRAEREOPFARRE CASho0s MLAn I e thon HS AR i o

or fromthe copol yners of ethylene oxjide and propyl ene oxide. Usefu] oils
i ncl ude t heolymgjzatian gr egpplymeriZation offolafine, sueh dsrrobypsanyleng, nofyisabutylsee aids | such
as net hyl pol yi sopropyl ene gl ycol ether, diphenyl ether of polyethylene

gl ycol and prhpglensrisobutylene expolymspsy hrdithe halphysdrocarhopiotlarsucksasf ahloringtedes  of
synthetic base oils is 15 derived fromthe esterification of the term na
hydr oxy gr polybutflehd)eOthed usefi synticktialbhsel odls énchule itlibss based bporoalkyl benzenes, such

pol ycarboxylic acids. Exenplary of this series are the acetic acid esters

or m xed Cgs dédBcyibdnzinedfetrd-desyisingenef aridtBosebdsediPopolfiplitngls| sith & biphenyls
tetraet hyl ene glycol. Another suitable class of synthetic lubricating oils
conpri ses bheemheffs of dicarboxylic acids with a variety of alcohols.
Esters useful as synthetic oils also include 20 those nade fromCS to Cl12

ronocar boxy! i ¢ AghAS RnRalY of Snid B KOhy BIMIGE St 01 B uBi iteaoef Ul 25

synthetic oils 1nc ose na rom copol yners of a-olefins an

di car boxy! Icgmpc?s?tio\x/l\g)ar%q 05s/e %Zs%%%%onp gIéllLeJ%z c())xqg’e/ ;90‘?%&3 ana0 i%‘\pelrlﬁoﬁ)f‘mers, and those oils

obtained by the modification of the terminal hydroxy groups of these polymers, (i.e., by the

10 esterification or etherification of the hydroxy groups). Thus, useful base oils are obtained
from polymerized ethylene oxide or propylene oxide or from the copolymers of ethylene
oxide and propylene oxide. Useful oils include the alkyl and aryl ethers of the polymerized
alkylene oxides, such as methylpolyisopropylene glycol ether, diphenyl ether of polyethylene
glycol and diethyl ether of propylene glycol. Another useful series of synthetic base oils is

15 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, -C; fatty acid esters of the C, oxo acid diester of tetraethylene 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

20 those made from C,to 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 nediumchain | ength al cohols. The
followng are exenplary of such additives and are commercially avail abl e
from Akzo Nobel Chemicals SpA: Ketjenlubes 115, 135,165, 1300, 2300, 2700,

305, 445, 598.200#7335and 6300, anong others. 5 Silicon-basegseislessizsuch as
t he pol yal kyl -, polyaryl-, polyal koxy-, or polyaryl oxy- siloxane oils and
silicate oils, conprise another useful class of synthetic lubricating oils.
Q her synt bf“_p | ubricating oils include liquid esters of
phosphorus-containing acids, polyneric tetrahydrofurans, poly a-olefins,
and the like. The lubricating oil may be derived from unrefi ned, refined,

re-r efi ned Oﬁn \%hxﬁg ! e]eg eﬁh)e(& %tﬁﬁh&rp@rr c? l'{l Mn? gl%cglc%z'\!)ﬁ q‘ﬁ@fo@lgfvﬂlgr}ﬁéj

directly 9 ura source or

d bi h I h f I f
unref i ned %#’q”xép Je o ED 2eoies a0 afef’c%raﬁ%%ﬁliv vaﬂ%%r%&%vaﬁoﬂ@e&”&lﬁé °
operatlo_n, 'ﬁetroleumml obt ai nhed dlret from g 3'”%3@? or an ester
oi | obt ai nSBAGKegenybes { 15133465, bi00e2300; ¢700; 6?%é8 S 9NBh i s t hen

used without further treatnment. Refined 0|Is are 15 simlar to unrefined
oil's, excepthetshat refined oils have been treated in one or nore purification
steps to inprove one or nore properties. Suitable purification techniques

i ncl udg di sti | | Stlicombasetl pils, suchemtthapplyaticivarolparyl-swilyatkoxye et palyaryloxy- aci d or
base extraction, filtration, percolation, and the like, all of which are

wel | - knownsilexahé odeandisilichR @ils,toipeisedriotheRasefid iclaseof syntheticlubricatibg ailnned by
treating refined oils in processes simlar to those used to obtain the

e P R e s S e O
polymeric tetrahydrofurans, poly «-olefins, and the like.
The lubricating oil may be derived from unrefined, refined, re-refined oils, or

10 mixtures thereof. Unrefined oils are obtained directly from a natural source or synthetic
source (e.g., coal, shale, or tar and bitumen) without further purification or treatment.
Examples of unrefined oils include a shale oil obtained directly from a retorting operation, a
petroleum oil obtained directly from distillation, or an ester oil obtained directly from an
esterification process, each of which is then used without further treatment. Refined oils are

15 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.

20 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. Lubricating oil base stocks derived fromthe
hydr oi someri zati on of wax nay al so be wused, either alone or in conbination

with the afQpegripdseat ural and/or synthetic base stocks.pebusHishodiasX
isonerate oil 1s produced by the hydroi sonerization of na‘f ural or Synthetic

waxes or m xtures thereof over a hydroisonerization catalyst. Natural waxes
are typi cath/ %ﬂe sl ack waxes recovered by the sol vent dewaxi ng of m neral
oils; synt 4PAvaxes are typically the wax produced by the Fischer-Tropsch
process. The resulting isonmerate product is typically subjected to solvent

dewaxi ng and fractionation to recoyer various fragtions having.a specific 10
viscosity a%*g@allmmsg%@fm@uws &’é@“%%!i?é@?@@gg@ﬂewdﬁgs@%agg?% very high
viscosity indices, generally having a VI of at |east 130, preferably at

| east 135 orodétyher and, following dewaxing, a pour point of about -20 C or
| ower. The advantages and the inportant features of the present invention
will be nore abytaiceting éit base stoeksf derivedfrony thexydplisemerizgidaofivRak ERy abetber gency
Per f or mance- - Panel Coker Test The detergency efficacy of crankcase oils can

be assessedsddheither abneddr ifl epbinktidrowith the aforesaidmatiyal and/ar syadictio bask atocldl - st eel
panel in a Panel Coker test. In this test, 200 mM of the test sanple is

taken 5n sgith wadishRahRbiks prodifed YyQke lydRfisonReizionfofhatir4 or §yatitibeated oi |
is 20 splashed by whiskers on the -steel panel, the tenperature of which

o G o R o B Aoy b
PCT/ US2005,008% d&vered by the solvent dewaxing of mineral oils; synthetic waxes are typically the
wax produced by the Fischer-Tropsch process. The resulting isomerate product is typically
subjected to solvent dewaxing and fractionation to recover various fractions having a specific
10 viscosity range. Wax isomerate is also characterized by possessing very high viscosity
indices, generally having a VI of at least 130, preferably at least 135 or higher and, fo]l(.)wing
dewaxing, a pour point of about -20° C or lower.
The advantages and the important features of the present invention will be more
apparent from the following examples.
15 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

20 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 inproved detergency. Antioxidant
Performance--Pressure Differential Scanning Calorinmetry (PDSC) PDSC (DuPont

Model - 910/ £34, be used for relative antioxidant p 5

. 0 e . ctrf‘l}
eval uati on%g(?gttﬁﬁle conposition. In this nethod, a test sg’rrrp esq‘?’%&r% t aken
in a sanple boat is subjected to heating from 100-300C at the rate of 10C
per mnutegjgades SO00 psi oxygen pressure. The onset of oxidation

tenperature Is adopted as a criterion for assessnent of anti oxi dant
performance. In general, an increase in onset of oxidation tenperature

i ndi cates _j | LQxi.dan fon . LVl ker and W
roang. . ondh SRR B EHhessfl Bt P Bl SloR AR R De ety i il

Cal ori rretrﬁ"', vgﬁ%eTeChni cal Paper Series, 801383 (Cct. 20-23, 1980).

Exanpl e | YOREEHEIE08BEY 40 grams of alkyl (Cl4-Cl8) salicylic acid was added
to a small reaction flask equipped with a nechanical stirrer and a
condenser . Fi AptjoxidantPesformange-rhressure Diffexential Scapning,Calorimetty D3R of Dbase
oil, 15 grams of water and 30 grams of nmethanol. Mxing was started, 15
grans of boric Ble$E (MuRons ¥indgl-9 AP0 Beantbe aised fer relativoartioxidentperfoonage, At

that tenperature, 48.5 grans of a hydroxy ethyl al kyl im dazoline was added
and t he r eaaluation of therpempdsition. \Imthis methed aaebt sdngple (1 Otrog)2dkenGh b samplerbeat
vol atiles. A clear brown viscous Iliquid was recovered that had a total

al kal i ni t yis\éabjectedto h¢atinglfiiem P00-300°C avile rate b 2CICSsEr nfinute Undeg 500 pg oRFgei hown
bel ow. 30 WO 2005/ 073352 PCTI US2005/ 003112
pressure. The onset of oxidation temperature is adopted as a criterion for assessment of
antioxidant performance. In general, an increase in onset of oxidation temperature indicates
improvement in antioxidant performance. See J. A. Walker and W. Tsang, "Characterization
10 of Lubrication Oils by Differential Scanning Calorimetry”, SAE Technical Paper Series,
801383 (Oct. 20-23, 1980).
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
15 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 alky! 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

20 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 to the nodified panel coker test. At the end
of the test, the panel was weighed resulting in 6.5 mlligrams of deposits.
5 Pressure Woffey@adszal Scanning Cal orimetry The sanpl e péT/gxmiRees112 was
subj ected to PDSC testing and found to have an induction tinme of > 180

m nutes at 165C when the test was stopped. Exanple 2 (Conparative Exanple)
10 Exanpl e gj¢avpa repeat ed except that the al kyl imdazoline used was an
amno ethyl alkyl imdazoline. The final product was a fluid hazy liquid

Wi th poor oil solubility. Exanple 3 (Conparative Exanple) Exanple | was
repeated but the boric acid was not %%ﬂcoﬂ:pe final product was 15 fl uid,
bright and clear with very poor panel coker performance produci ng nore than

L b b £ SRR PSR i Y R WAt o
subjected to the modified panel coker test. At the end of the test, the panel was weighed
resulting in 6.5 milligrams of deposits.

5 Pressure Differential Scanning Calorimetry
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)
10 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
15 fluid, bright and clear with very poor panel coker performance producing more than 150

milligrams of carbonaceaous deposit.

20
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In this exanple, the alkyl salicylic acid of Exanple | was replaced with an
al kyl aromatic sulfonic acid. The product recovered was clear, but had
extrenely poor detergency 5 as neasured by 243 milligrans of deposits in
panel coker wiesbso7558 PDSC result was al so poor with an ippgRgidoSosiszne of
only 34.8 mnutes. Exanple 5 In this exanple, the ampbunt of al kyl

i m dazoline was reduced to close to the theoretical anmount of 33 grans
required tqggipq al i ze the salicylic acid. Excellent detergency 10 was
found with panel coker deposits of 3,4 mlligrams. In view of the many
changes and nodi fications that can be made w thout departing from
principles underlying the invention, iﬁ%ﬁﬁﬁqpe shoul d be nade to the
appended clainms for an understanding 0 e scope of the protection to be
afforded the invention. 15 32 CLA“?B V%atE%s clgined is: 1. A conposition
conprising the reaction product ofCURPERNEEXABPIShRi ¢ conpound, a boron
conpound, and a basic or?anic conmpound, .wherein the reaction,proarct is: O
I~ Z (RO C N dniHesxamplexthealleyl salicylicacidofdixamatenk wes replagsd with #Rlk¥car byl
groups, ais an integer of | or 2, provided that, where a is 2, the R
groups ar e adrematisesuifonic|agids dihe product recovered was clear, but had extremely poor detergency

5 as measured by 243 milligrams of deposits in panel coker test. The PDSC result was also
poor with an induction time of only 34.8 minutes.
Example §

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
10 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.

15
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2. The conposition of claim1, wherein the acidic organic conpound is
selected from the group consisting of: (A alkyl substituted salicylic
acids, (B) di-substituted salicylic acids; and (C) salts of the foregoing
acids. 3. The conposition of claim1, wherein the boron conmpound is boric
acid. 4. The conposition of claim1l1l, wherein the basic organic conpound is
an organic nitrogen base conpound conprising an N hydroxy al kyl noiety. 5.
The conposition of claim1l, wherein the R and R2 groups are independently
sel ected hydrocarbyl groups of from grtggnp® carbon atons. 33 6. A
conposition conprising: A) a lubricant, and B) at | east one reaction
product of an acidic organi c conpound, a boron conpound, and a basic
organic c 0 nd1.mh rein the reaction product is: 0 cxx"-~ (R n""B NR2
a wher ein agﬁﬁiﬁ?egﬂ% i ndependent |y sel ected hydrocarbyl groups, a is an
integer of | or 2, provided that, where a is 2, the R groups are

i ndependently sel ected. 7. The conposition of claim6, wherein the acidic
organi ¢ cohpound cPEPeRBliaN exEPHSiRhihe reastign BIAJuetH ansacidig okganic compound, a

boron compound, and a basic organic compound, wherein the reaction product is:

O

D8 N
B
S R2
// O/B\O/\/l\N R
RY,
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.

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; and

(C)  salts of the foregoing acids.

3. The composition of claim 1, wherein the boron compound is boric acid.

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 R' and R? groups are independently

selected hydrocarbyl groups of from 1 to 50 carbon atoms.
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(A) al kyl substituted salicylic acids, (B) di-substituted salicylic acids,
(C salts of the foregoing acids. 8. The conposition of claim®6, wherein the
boron conpound is boric acid. 9. The conposition of claim®6, wherein the
basi ¢ organic conpound is an organic nitrogen base conpound conprising an
N- hydroxy al kyl noiety. 10. The conposition of claim®6, wherein the R and
R2 groups are independently selected hydrocarbyl groups of froml to 50
carbon atons. 11. The conposition of claim6 wherein the lubricant is a
lubricating ol la codfoskfon Dnfpeigsi tion conprising: A) a hydrocarbon fuel
and B) at |east one reaction product of an acidic organic conpound, a boron
conmpound, and a¥baswdubﬂ@ahhmfconpound, wherein the reaction product is: 0O N
(RI[)/!T O"" O z erein R .and re i ndependent.ly sel ected

byt bcar byl g otlps, 2 St 3hErEheuflebr0ier of "SR NERtiE o Raf eprsna i s o,
the Rl gr ciepdpoadid ahddepahogaiic tompberl @ereihdhe tdactichopposdt is:on of claim 12,
wherein the acidic organic conpound is selected fromthe group consisting
of: (A) al kyl substituted salicylic acids,

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 acidic organic compound is selected from
the group consisting of:

(A)  alkyl substituted salicylic acids,

(B)  di-substituted salicylic acids,

(C)  salts of the foregoing acids.

8. The composition of claim 6, wherein the boron compound is boric acid.

9. The composition of claim 6, wherein the basic organic compound is an organic

nitrogen base compound comprising an N-hydroxy alkyl moiety.

10.  The composition of claim 6, wherein the R' and R? groups are independently

selected hydrocarbyl groups of from 1 to 50 carbon atoms.

11. The composition of claim 6 wherein the lubricant is a lubricating oil.
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(B) di-substituted salicylic acids; and (C) salts of the foregoing acids.
14. The conposition of claim 12, wherein the boron conpound is boric acid.
15. The conposition of claim 12, wherein the basic organic conmpound is an
organic nitrogen base conpound conprising an N-hydroxy al kyl noiety. 16.
The conposition of claim 12, wherein the RL and R2 groups are independently
sel ected hydrocarbyl groups of froml to 50 carbon atons. 17. A nethod for
reducing the formati on of deposits in an internal conmbustion engine which
conprises pper ai tofpdshonedaipigingi th a lubricating oil containing the
reaction 35 product of an acidic organic conmpound, a boron conpound, and a
basi ¢ organi ¢ corplodnerarton fagl, zndount ef fective to reduce the friction,

wherein the reagtio oduct _i.s: Q 1/-- R/ 0" N erein R and
R e i ndependintl JeRLREE isat iy Prsckingf 4 scgl okerd Sifbofler b8, Tor %5
provi ded tdvaipoundi@f®a dadiSorganit REmPourdl @HEsinaherdabiiepaodesnid:y sel ected. | 8.
The nmethod of claim 23, wherein the acidic organic conpound is selected from
the group consisting of (A alk substituted salicylic acids, (B)

di -substituted salicylic acids; d (C salts of the foregoing acids.

(Rl)a 0]
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.

13.  The composition of claim 12, wherein the acidic organic compound is selected
from the group consisting of:

(A) alkyl substituted salicylic acids,

(B)  di-substituted salicylic acids; and

(C)  salts of the foregoing acids.
14.  The composition of claim 12, wherein the boron compound is boric acid.

15.  The composition of claim 12, wherein the basic organic compound is an organic

nitrogen base compound comprising an N-hydroxy alkyl moiety.

16.  The composition of claim 12, wherein the R' and R groups are independently

selected hydrocarbyl groups of from 1 to 50 carbon atoms.

17. A method for reducing the formation of deposits in an internal combustion engine

which comprises operating the engine with a lubricating oil containing the reaction
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19. The nmethod of claim 17, wherein the boron conpound is-boric acid. 20.
The nmethod of claim 17, wherein the basic organic conpound is an organic
nitrogen base conpound conprising an N-hydroxy al kyl noiety. 21. The
conposition of claim 17, wherein the R and R2 groups are independently
sel ect ed hydrocarbyl groups of from1l to 50 carbon atons. 36

product of an acidic organic compound, a boron compound, and a basic organic compound
in an amount effective to reduce the friction, wherein the reaction product is:

0]

D Y
~
(R')a/ ~ o B\O/\)\N 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.

[8.  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; and

(C)  salts of the foregoing acids.

19.  The method of claim 17, wherein the boron compound is-boric acid.

20.  The method of claim 17, wherein the basic organic compound is an organic

nitrogen base compound comprising an N-hydroxy alkyl moiety.

21.  The composition of claim 17, wherein the R' and R* groups are independently

selected hydrocarbyl groups of from 1 to 50 carbon atoms.
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