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30 To insure a long service life, lubricating oil additives that exert a minimum
negative impact on such after-treatment devices must be identified, and OEM
specifications for “new service fill” and “first fill” heavy duty diesel (HDD) lubricants

require maximum sulfur levels of 0.4 mass %; maximum phosphorus levels of 0.12
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cases reduce the compatibility between lubricating o1l compositions and the
25  fuoroelastomeric seal materials used in engines, it would be preferable to provide
such a component that does not induce corrosion and, preferably, does not adversely
affect seals compatibility. Due to demands for improved fuel economy, less viscous
lubricants, such as OW and 5W 20 and 30 grade lubricants have become more
prevalent. To allow for easier formulation of such lubricants, the amount of polymer
30 introduced by additives is preferably minimized. Therefore, it would be further
preferable to provide a non-polymeric ashless TBN source.
US Patent Nos. 5,525,247; 5,672,570; and 6,569,818 are directed to “low ash”

lubricating oil compositions in which sulfated ash content is reduced by replacing
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In accordance with a fourth aspect of the invention, there is provided a heavy

duty diesel engine equipped with an exhaust gas recirculation (EGR) system,

preferably a condensed EGR system and a particulate trap, the crankcase of which

engine is lubricated with a lubricating oil composition of the first, second or third
25  aspect.

In accordance with a fifth aspect of the invention, there is provided a method
for forming a high TBN lubricant having a reduced SASH content comprising
incorporating into said lubricating oil composition one or more hindered amines
useful as additives for increasing the TBN of lubricating oil compositions without

30  introducing sulfated ash.
In accordance with a sixth aspect of the invention, there is provided a use of

one or more hindered amines as an ashless lubricating oil composition TBN source.



20 as at |east about 70 ng KOH g, nore preferably at |east about 100
ny KOH g, as neasured in accordance with ASTM D-4739. Hindered am nes
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succi nit actf %ﬁﬁﬁal%ﬂuk Bhins grineregupigmblnaiieastabast 400 medl QHé, asi d,
suberic aci ﬁeaﬁ?&ﬁ%‘a@c&ﬁé&e Wit KQWU?IE’PS@ I{i%&"e& a:%fﬂegml % O%o?' )ffe %tb%

di mer, malonic acid, alkylnmalonic acids, oni c clrds
a variety olﬁlbataimgcilbco(nmogltl,onb of gHe mésenhmwenthmwaeaibl}ome a TN €834t) of
al cohol ,

no greater than about 300 mg KOH/g, such as no greater than about 250 mg KOH/g,
more preferably no greater than about 200 mg KOH/g, as measured in accordance
25  with ASTM D-4739.



2- et hyl hexyl al cohol, ethylene glycol, diethylene glycol nonoether,
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stock and one or %ﬂ'@ﬁ%h@%ﬁlﬁ vilsinglude Bydyosarpon pilseqnsthale-gubsiituted or
amount @5t gqQichroh ollé‘?ﬁdh‘%@?g?}ﬂnéﬂzgﬁgﬁé( b8l el o4 Bielihs ( OUP 11 -
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30  ether of poly-ethylene glycol having a molecular weight of 1000 to 1500 daltons); and

mono- and polycarboxylic esters thereof, for example, the acetic acid esters, mixed

C3-Cs fatty acid esters and Ci3 oxo acid diester of tetracthylene glycol.



greater than or equal to 80 and I ess than 120 using the test nethods
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glycol). Specific examples of such esters includes dibutyl adipate, di(2-ethylhexyl)
sebacate, di-n-hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate,
dioctyl phthalate, didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of

10  linoleic acid dimer, and the complex ester formed by reacting one mole of sebacic
acid with two moles of tetraethylene glycol and two moles of 2-ethylhexanoic acid.

Esters useful as synthetic oils also include those made from Cs to Cy5
monocarboxylic acids and polyols and polyol esters such as neopentyl glycol,
trimethylolpropane, pentaerythritol, dipentaerythritol and tripentaerythritol.

15 Silicon-based oils such as the polyalkyl-, polyaryl-, polyalkoxy- or
polyaryloxysilicone oils and silicate oils comprise another useful class of synthetic
lubricants; such oils include tetraethyl silicate, tetraisopropyl silicate, tetra-(2-
ethythexyl)silicate, tetra-(4-methyl-2-ethylhexyl)silicate, tetra-(p-tert-butyl-phenyl)
silicate, hexa-(4-methyl-2-cthylhexyl)disiloxane, poly(methyl)siloxanes and

20 poly(methylphenyl)siloxanes. Other synthetic lubricating oils include liquid esters of
phosphorous-containing acids (e.g., tricresy] phosphate, trioctyl phosphate, diethyl
ester of decylphosphonic acid) and polymeric tetrahydrofurans.

The oil of lubricating viscosity may comprise a Group I, Group II or Group
II1, base stock or base oil blends of the aforementioned base stocks. Preferably, the

25  oil of lubricating viscosity is a Group II or Group III base stock, or a mixture thereof,
or a mixture of a Group I base stock and one or more a Group II and Group III.
Preferably, a major amount of the oil of lubricating viscosity is a Group II, Group 111,
Group IV or Group V base stock, or a mixture thereof. The base stock, or base stock
blend preferably has a saturate content of at least 65%, more preferably at least 75%,

30  such as at least 85%. Most preferably, the base stock, or base stock blend, has a
saturate content of greater than 90%. Preferably, the oil or oil blend will have a sulfur
content of less than 1%, preferably less than 0.6%, more preferably less than 0.4%, by
weight.
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30  chlorotoluene and chloronaphthalene. The alkylation may be carried out in the
presence of a catalyst with alkylating agents having from about 3 to more than 70

carbon atoms. The alkaryl sulfonates usually contain from about 9 to about 80 or
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Preferably, the ashless dispersant is a “high molecular weight” dispersant

having a number average molecular weight (M) greater than or equal to 4,000
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i ncl ude "capping agent". Conventionally, nitrogen-containing dispersants have been "capped"
to reduce the adverse effect such dispersants have on the fluoroelastomer engine seals.
30  Numerous capping agents and methods are known. Of the known "capping agents",
those that convert basic dispersant amino groups to non-basic moieties (e.g., amido or
imido groups) are most suitable. The reaction of a nitrogen-containing dispersant and

alkyl acetoacetate (e.g., ethyl acetoacetate (EAA)) is described, for example, in U.S.
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employed will contribute no more than 4, preferably no more than 3 mg KOH/g of
TBN to the lubricating oil composition. It is further preferable that dispersant
provides no greater than 30, preferably no greater than 25% of the TBN of the
lubricating oil composition.

25 Additional additives may be incorporated in the compositions of the invention
to enable them to meet particular requirements. Examples of additives which may be
included in the lubricating oil compositions are metal rust inhiBitors, viscosity index
improvers, corrosion inhibitors, oxidation inhibitors, friction modifiers, other
dispersants, anti-foaming agents, anti-wear agents and pour point depressants. Some

30  are discussed in further detail below.

Dihydrocarbyl dithiophosphate metal salts are frequently used as antiwear and

antioxidant agents. The metal may be an alkali or alkaline earth metal, or aluminum,

lead, tin, molybdenum, manganese, nickel or copper. The zinc salts are most
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When. | ubricating conpositions contain one or ot e
above- ment i ehetlyladdirenyleispropyle h-tatd) it butel, be-butpl, amlyl, Yi-Hol@n el Ni-Bctyl
t he base oi}_ . unt, t nabl e he additive to provide its
desired f un‘%l:etC? f(; g wec%ﬁ%cpadecyq%'eﬁlyﬁ’exﬁ p{"enylaab“tylphenyl, CYClgheXYL
methylcyclopentyl, propenyl, butenyl. In order to obtain oil solubility, the total

number of carbon atoms (i.e. R and R’) in the dithiophosphoric acid will generally be

>

25  about 5 or greater. The zinc dihydrocarbyl dithiophosphate can therefore comprise
zinc dialkyl dithiophosphates. The present invention may be particularly useful when
used with lubricant compositions containing phosphorus levels of from about 0.02 to
about 0.12 mass %, such as from about 0.03 to about 0.10 mass %, or from about 0.03
to about 0.08 mass %, based on the total mass of the composition. In one preferred

30  embodiment, lubricating oil compositions of the present invention contain zinc dialkyl
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desired func!t)ii?zrgh&%ﬁgpresent ative effect "éﬁount s of such additives,
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Suppl enent al  Antiwear Agents . ' .
5 lubricant, varnish-like deposits on the metal surfaces, and by viscosity growth. Such

oxidation inhibitors include hindered phenols, alkaline earth metal salts of
alkylphenolthioesters having preferably Cs to Cj, alkyl side chains, calcium
nonylphenol sulfide, oil soluble phenates and sulfurized phenates, phosphosulfurized
or sulfurized hydrocarbons, phosphorous esters, metal thiocarbamates, oil soluble

10 copper compounds as described in U.S. Patent No. 4,867,890, and molybdenum-
containing compounds.

Typical oil soluble aromatic amines having at least two aromatic groups
attached directly to one amine pitrogen contain from 6 to 16 carbon atoms. The
amines may contain more than two aromatic groups. Compounds having a total of at

15  least three aromatic groups in which two aromatic groups are linked by a covalent
bond or by an atom or group (e.g., an oxygen or sulfur atom, or a -CO-, -SO5- or
alkylene group) and two are directly attached to one amine nitrogen also considered
aromatic amines having at least two aromatic groups attached directly to the nitrogen.
The aromatic rings are typically substituted by one or more substituents selected from

20 alkyl, cycloalkyl, alkoxy, aryloxy, acyl, acylamino, hydroxy, and nitro groups.

Multiple antioxidants are commonly employed in combination. In one
preferred embodiment, lubricating oil compositions of the present invention contain
from about 0.1 to about 1.2 mass % of aminic antioxidant and from about 0.1 to about
3 mass % of phenolic antioxidant. In another preferred embodiment, lubricating oil

25  compositions of the present invention contain from about 0.1 to about 1.2 mass % of
aminic antioxidant, from about 0.1 to about 3 mass % of phenolic antioxidant and a
molybdenum compound in an amount providing the lubricating oil composition from
about 10 to about 1000 ppm of molybdenum.

Representative examples of suitable viscosity modifiers are polyisobutylene,

30  copolymers of ethylene and propylene, polymethacrylates, methacrylate copolymers,
copolymers of an unsaturated dicarboxylic acid and a vinyl compound, interpolymers

of styrene and acrylic esters, and partially hydrogenated copolymers of styrene/
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compound. These compounds will react with a basic nitrogen compound as measured
by ASTM test D-664 or D-2896 titration procedure and are typically hexavalent.

20  Included are molybdic acid, ammonium molybdate, sodium molybdate, potassium
molybdate, and other alkaline metal molybdates and other molybdenum salts, e.g.,
hydrogen sodium molybdate, MoOCl,, MoO;Br,, M0o;03Clg, molybdenum trioxide or

similar acidic molybdenum compounds.

Among the molybdenum compounds useful in the compositions of this invention
25 are organo-molybdenum compounds of the formulae:
Mo(ROCS,), and
Mo(RSCS;)4
wherein R is an organo group selected from the group consisting of alkyl, aryl, aralkyl
and alkoxyalkyl, generally of from 1 to 30 carbon atoms, and preferably 2 to 12 carbon
30  atoms and most preferably alkyl of 2 to 12 carbon atoms. Especially preferred are the
dialkyldithiocarbamates of molybdenum.
Amother group of organo-molybdenum compounds useful in the lubricating

compositions of this invention are trinuclear molybdenum compounds, especially those
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anti oxi dant , tha ligahd/rdamugroamnenng at st 85 5 khit"38, 30 Iéta&fzzg%boﬂ%&?%sf 5a
0

to 40 mass % of a detergent; and from about 2 to abou nass
met al  di hydr ocar b§ IREFHNopHEROsHninsdex iIPPREEOIOOWens 19 both a viscositT rlex

final conposjtd o] 25 mass % preferably 5 to 18
mass % ?Epiltll:éiﬁlr?f/br%ga? %g?kg%%%g @,"g?‘&f’?@ﬁé’?égﬁ%‘gﬁtf J&E?S‘WHB FPERATRET
bei ng 0i10 ofintiube ieatiomprodiicte 08 ahineafor wmbélﬁmﬂﬁfék,f&i%{ahﬂﬂoc jght
(and nmass) pe cenfa exfﬁres ed her ei n_éunl ess ot herw se 1 ndicat eé(g?
Sare based ot PHEFEY&qnosTetiicarhoxylic aciq invwhich the lnfdredachyd dubstitneat
and/ or addi tdoygrRack ] ci.ated diluent. )
However, det e\{rgjénts gl%gn 812%{52%{? fllt\gﬁg F;@%a?@???oﬁﬁ I4G8 FPPRSVITE REAPSIHes
is not renovedsasmauhds. pingtoetl, tandsedsiy TN Opr LS GOR ma be, for

ti I ided f ti det nt in the associ ate
G Tuent o betmBloy bR, 8F o k%o S ittt st dhvigbaicchion abiio Chi ng
to det engentumsat@tedunbescarbOSIRGCI & (i:mi@@h%@}ra&g}h@' ac}r/%\"ts‘i"%}?%‘n (or
“diTu S

mass) percent of active ingredient and associate €
Thi s i nvent UgftWiRfad HiEogagraontainiog demotmeotatbiyg # e 20 enbden ttomishe polymer of

follow ng e pn all parts.are.parts by weight (or nass),
unl ess ot hﬁ&%@%?@@ﬁﬁ@%ﬂ@&@%%@@n%{ fiscarbonylinagid Anmi ne
- Tri - n- pentybteatizae wiiGemmatias, aroxOami e ' '

material ; avajl ael eréaro Tokygryghcg% gineloﬁdus%{m%’% i}%‘?ﬁ’ﬁgggﬁﬁgﬁﬁe
TC Ameri ca'Bdt 1 @ erefgdHtheagaacied gdms pnerafyng a Sntdesdinsitimear

Am ne -,dri hﬁfo%@ﬁ%bfi’tmnﬂ?g hERoRar ALY S z)r by grafting an unsaturated acid onto the

polymer backbone and then reacting carboxylic acid groups of the grafted acid with
an amine, hydroxy amine or alcohol.
Pour point depressants, otherwise known as lube oil flow improvers (LOFI),
lower the minimum temperature at which the fluid will flow or can be poured. Such
25  additives are well known. Typical of those additives that improve the low
temperature fluidity of the fluid are Cy to Cy; dialkyl fumarate/vinyl acetate
copolymers, and polymethacrylates. Foam control can be provided by an antifoamant
of the polysiloxane type, for example, silicone oil or polydimethyl siloxane.
Some of the above-mentioned additives can provide a multiplicity of effects;
30  thus for example, a single additive may act as a dispersant-oxidation inhibitor. This
approach is well known and need not be further elaborated herein.
In the present invention it may also be preferable to include an additive which

maintains the stability of the viscosity of the blend. Thus, although polar group-



Commercially available material; available from Al fa Aesar, a Johnson
Mat t hey Conpany, Ward Hill, Massachusetts, USA at 95% purity. 25
PF2012L004- 2fgi2ippat hesis Exanple | Am.ne 3: N,

N bi s(2- et hyl hexyl ) dodecan-1 -am ne (Com} rative) A 1L netal reactor
was charged whdihin aive ) exan
(78 g, 582mmm1), Pall adi u%na%}%%é;f%gﬁgl(y gOWQ‘ZSQ'/ gf in)the pic ﬁ%@c{'?fg fhas
et hanol (500b¢ﬁ9)0bsvw|e1i ¢hag some ccmgpmtmﬁﬁﬂncpaasenﬂnexséés&l\ylvﬂfenm(ﬁléd)gﬁn was

set to 5.0 b roomt er at hy en,_was charged four
times; a tot °§°“1g%§é’e’§°@afgﬁ ﬁ?@b&ﬁ eg‘%?‘g VEdgrenRIEnE fhis Wiscosity increase
reaction). Thelsekht iop cWas hiyhRBatbbhd ﬁh@sﬁoxﬁ‘ﬁ%q &}éa&?qnamh ong: or

ow ol

concentrated. The reaction yielded 102 g of cont al ni ng
mono- and di dicathaxyia %tl@cpr;ﬂﬂbw&eswth@arﬁuaﬂdawtm petppntetuct theashless

purified and romat ography [ heptane/ethyl acetate
99. 8/ 0. 2], @%@é{%l@%ﬁgégga ”P el low oil (47g, 43.4%yield).

GC- M6 confi rrred tmepnmdwatmgowmposlﬁ@sQentlzﬁpe&%{omc;wo% ?Jg\%)g%{goned
CDC13) 50.86 (m 15H) é\ (m 2.08 (d,
15Synt hesi s g%peeagh a qlﬁtlﬁ%lszpyplcally blended into the base 011 in an amount that enables

2-Ethyl - N- hy1) h 1- | nvent
\ZNZN K @h@h@dﬁhb@%&’%\;@ s dURANALY {12) o 133 ﬁwToP? (Inventive)

2- et hyl H&xanal (3Whén @brﬁg&gmpos&msdb@@inqmrw&ﬁ@@ef HPGMvARetloned
were stirred at roomite eralure ina 250 nL 4- 20 neck round bottom
flask equi ppditiertragh pddives durierdbystlpndeditiorthe bassiodl, in 6 emiosaicthat enables
stirrer and thé hdd@eNoOhaRke s ddfiRd e i omnno
Sodiumtriacet oxyborg%/rdrl deS STAB fﬂu?%}é% %ge@éﬁgﬁvel%ﬁ NP ugh
added porti @ddikives whentused fry qsﬂﬂ&aﬂd—lumrﬁﬂj ammbtetmlﬁelmam the valaariesy
conpl etion enched wi th saturated aqueous sodi um bi carbonate
sol uti on. T%ge S&%{\%aaﬁ?c SR ALINGIOREd SRt h 25sat ur at ed agueous

sodi um hbcarfhbRdte and brine. This |ayer was then dried over

magnesi um F 111 Lered, and CONMCEM ety a-cHotey
or gnge oi || BN%E’J?)ISI&IZE PF2012L004- 21 - wa$ ll\§u$$l1’@/ed by ¢ %6’0 ’
chromat ogr aphy—~fhept anefet-hyl—acetat-e—95, ulting | dreferatlour | eds
oi | (30.4 ¢ PISERY o Ms confirmed| PHe kb oduct pl2tyP to be
97% Corrosion Inhibitor 0-5 0-1.5
Metal Dihydrocarbyl Dithiophosphate 0.1-6 0.1-4
Antioxidant 0-5 0.01-3
Pour Point Depressant 0.01-5 0.01-1.5
Antifoaming Agent 0-5 0.001 - 0.15
Supplemental Antiwear Agents 0-1.0 0-0.5
Friction Modifier 0-5 0-1.5
Viscosity Modifier 0.01-10 0.25-3
Basestock Balance Balance

Fully formulated lubricating oil compositions of the present invention
preferably have a TBN of at least 6 mg KOH/g, such as from about 6 to about 18 mg
KOH/g (ASTM D2896). More preferably, compositions of the present invention have

20 aTBN ofat least 8.5 mg KOH/g, such as from about 8.5 or 9 to about 18 mg KOH/g.

Fully formulated lubricating oil compositions of the present invention

preferably have a sulfated ash (SASH) content (ASTM D-874) of about 1.1 mass % or

less, preferably about 1.0 mass % or less, more preferably about 0.8 mass % or less,

such as 0.5 mass % or less.



1H NWR (300 Mz, CDC13) 5 0.81-0.91 (m 12H), 1.20-1.38 (m 18H),
2.18 (d, 4H), 2. 54 (t, 2H), 3.33 (s, 3H), 3.41 (t, 2H). 5 Synthesis

Ex le 3 A N, N-(2, 2'-(Ethane
2- Sm gl s(oxp‘%bgl s?et hane- 2, 1%

h ent.i 102,
> dl()ég)h;lrz::(lz gtd?{/el‘lgl E’oxy dl?éM anam ned)z%éz“ répcg "ﬁﬁ%me rgsent

et hyl hexanal infamic dprive iﬂleamﬂ %, pmfﬂgatgﬁm 1(e5@f1|9)% \liiﬂéle pﬁéfhfdbﬂdat%asf 299
250 m. 4- roun ttomfl ask equi ppe
?gﬂ) 5&%3235 t&? OTH%?%%EE?{(‘J‘S&?F@F‘HE H ascprdaate Wléhnésﬁ%ﬂ%éﬁ) from

bl anket . TheagRiexs TBE asces Pldudife §ttlb£sft gng% %;‘Hilllrf&if ﬁwgqe’ﬁ/lo&% Bﬁe??{gg?ml )

was slowy added portion-wise to the
reaction ¥ ealtiy domaigeéiuboisatimgiohvesmpesitinrised the frbscapinvemiontety a0Msst 5

h | a hed with
saturated aqieBuiradfblhalosprBnm et s S5 SfPagempossonshann
dried over niagnasicdsnonslaphiad 65 Fdridul £1 Q‘}efe?ﬂﬂjy Gy ﬁﬂﬁlﬁpatt&fjlu}ﬂﬁ%ltgk%% a

pale yellow oil. Product was purified by colum ‘chronmato
[ hept ane/ et tﬁ?ané’é’é*PB% of tho proEntiggention coBas ph eyt afsml dming of F\oxmula I

(300 wre, b SRy ot Bt o ot g Rbhiel prciraiy om sbaty Na,
8H), 2.36 (mbodt) mgS(@H/g(thEN)(AS?MJDW%)tﬂr'fﬂe conyp¥shiRsl s Exanple 4
25Amine 6: N, N bi sﬂet hane- 2,

1- di y1) bi s( oxy) b,é-‘?lgj rfe,%l}{@t_eg lub_pca%/ ing oil compositions of the present invention further

di yObi s( 2- etfhra y(l?av@ta'lmﬂjxe&}ﬁg&%?gf&#ﬂ]@ Eel)t Péfﬁggsg%gﬁlioyeel)ess than about

PF2012L004- "22 -
1- di yQbi s( oXyISdnpssSparmrt peafenably(14R. thargabott0. 03 MRk Vo, sucteisydshExAaRL

t ed at roomtenperature in
£ 2550 pi 4. QARG PO Ebn freataac yolo biciAS T DSSRET ok Sl
5t her MogUPIibricANRY 5ieasmBbdifiae o1lat§'fqu15}'i5a519%f:€§ BHR 1 s fiidks DAL SatFS

left to stir 12 hours. AB (5 g,
por ti on- wi s@iluent} Y8l b B greaterthavR3siwhed nb lpesate aledn 107 pref@ablgtho greater

h t.h. sat ted aqueous, sodi um bi carbonat e
col it ton. TAARASE Tufl SR S BRRT ieron S od tcPrsspab bysHisel am
* bi car bonat epaifistably ihaes nJ Bieatdr @AI1208$p H@};h@&ﬁtﬁﬁusoywh dg%g%?ézité{%an

10sul phate, filtered, and concentrat ed yi el ding an orange
Product was ! PRt pEm BBPWPE@IUQM f@lﬁrgfﬁﬁttbgr &Qﬂ]gpr[‘l Ioéphcwphbmsmubh aces at e

9. ° ti n in a I
cont 1 ' 5 HACEPSSEPTASP R GHaL el g Tomers
30. 81-0. 91 plmspRetb., 1.19-1.36 (m 36H), 1.68 (quin, 4H), 2.09 (d,
8H), 2.35 (t, 4H, 3.48 (1, , 3.55-3.66 (m 8H). 15
' t' may be desirable, although not essential to prepare one or more additive
concenirates comprising additives (concentrates sometimes being referred to as
additive packages) whereby several additives can be added simultaneously to the oil
25 to form the lubricating oil composition. A concentration for the preparation of a
lubricating oil composition of the present invention may, for example, contain from
about 5 to about 30 mass % of one or more compounds of Formula (I); about 10 to
about 40 mass % of a nitrogen-containing dispersant; about 2 to about 20 mass % of
an aminic antioxidant, a phenolic antioxidant, a molybdenum compound, or a mixture
30  thereof; about 5 to 40 mass % of a detergent; and from about 2 to about 20 mass % of

a metal dihydrocarbyl dithiophosphate,



Synthesis Exanple 5 Amne 7:

N- (13- (But oxypropyl)- 2- et hyl - N- (2- et hyl hexyphexan-1 - an ne
(Conparative), 2§ Ogut oxXypr opan- 1-am ne (912 0 g, 912 nmmol) and

2- et hyl hexanaf ( g, 201 nmol) were irred at roomtenperature

in a 250 nL 4-nec f e h a
condenser, ther rmlérc})%g{hgﬂ (9136 d&aé}fg}npl@ f%%dgﬁ‘},\ﬁ Bﬁ‘é%(r/"oP%g‘?{%lPlY Stpd8
m xture was Imefss %, oystdlly 13 tde‘il’rﬁass 37 bBihe 48néenfate2Bd rEHRhY r%ﬁl#s(l Pyt Yy

added portion-wise to the flask. DCM (22 g) was added foI
conpl et ed adﬁfbﬂcatﬁngzgls‘d?sug’f% “SFWWW@E%\ed the reaction reached

conpl etion and wagip us .sodi um bi car bonat
sol ution. The organi c@i?g{}g?d \/\m)a%g)\@?%}i%aev\ﬁ ‘%ﬁ%g’%%dlé‘ﬁ@%ﬁ mﬁwme 1nd1cated§
sat ur at ecP aq@@dl&gecb@d'ﬁq}immgradlbm{aﬂe) @nenbof e addifive, dnaxeaddiBive-bi&Age.
dried over ul phat | tered, and concentrated yi el di ng
red oil. Pr g%gécl‘? "°° rag%o eﬁé%@ear uﬁﬂwefﬁrmreaﬁwwopwppaﬁwermw
acetate 90/ 19 dl(u%ﬂt p GNh:&fl%)n\blt Rlrihvel SRt mewggggg{w tg)rge'v?,s

confirmed the product purity to be 99%
60. 81- 0. 94 (fANVeniEpnally ppayidedfor (lmaCE@@-biE;teIfgeﬁlﬁﬂﬂ:ffiﬁkscﬁd‘iﬁtte(?lﬁ)luenloﬂl 1.70

(E;T]ar’rér?a 62 1’Phe(r9f’8re4 'd)e’l%'l% (%l% l‘&#ds ‘El-%?rﬁ%f’é when referrmg t |_?ie‘terggzllil?tg Qr?as(luﬁless

2-di yl bilg( oxgt)lelhnﬁ(mtlhaue& {otal vebi |
net hyl pent a%ié g hexan- 1} ani ne)ghléorrpar A i@r\E/éeH'f Of%t e m%rgd‘N“t 4. gesociated

(et hane-1, s(oxy))bl s(et hane 2 1-di yI))b| s(4 met hyl pent an- 2-

an ne) A1I|tre ask fi.tted with condenser,
mechani cal 15sti lr?]elgﬁwéﬁfg%r{ﬁﬁgg unneT life é?%’g%‘fo{?&f%ﬂ%a the follewmg
|nI et at < ZGamplayi whevam ﬂ]hmrgadepurtsfb 20eight(@r F359, vk

- (et hyl enedi oxy) bi s(et hyl am ne) in ZSO 1rgrL (315 d?sg’hl or%r?eter?gﬁgnog?AB

(31 44 )5 was added with stirring. 31.0 g of 4-methyl-2- pentanone
was t he e suspension over 40 mns. After
coolingto t ce bath. the tur was stirred at room

t enper at ur eﬁ?rg\é’g‘bghrf%aip‘gnﬂ%_ Sty EC@B%%HWQ; for a further
day. The crude product was stirred with a m xture of saturated
aqueous sodi um carbonate solution (30% (120 m) and water (60 mil).
The aqueous phase was diluted with water (100 m ), shaken, separated
and washed wth DCM (50 nml). The conbijned organi c phase was washed
wth water (2 x 150 m). It was then ied by shaking with magnesi um
sul phate and filtered. 25Step 2 A1l litre 3 necked round
bottomed flask fitted with condenser, 100 nlL pressure equali zing
droppi ng funnel, nitrogen I/FI’MI\LEH' nd nmechani cal

stirrer WI th PTFEoﬁMbl@Ily\/aﬁaﬂaB&rrﬁﬁt@] 12{‘1* bhil %Eje Si4% gc; %fg‘%lcaf AR, P
1 ab ustry,
1- gl S\i)e +(N% )lr}r;et{Faf“pent an- ‘%ﬁ %‘ffa?ﬁgﬁ agjgia dg oPyALy.

di chl or rret hane. To this solution was added 40. 06 g of PF2012L004-
24 - STAB fomiesd.ibgargAmibeg- Bii- ngtbca}damlinea(%iﬂpéra@ﬁbﬂ 38.08 g of

2- et hyl hexanal dissolved in 15 m DCM was t hen added drop-w se
into the stirred m xture over - 30 mns The m xture was then stirred
at anbient tenperature for 1.5 hrs and allowed to stand overnight.
The crude product was stirred with saturated agueous sodi um car bonate

N N N N N
Commercially available material; available from Alfa Aesar, a Johnson

Matthey Company, Ward Hill, Massachusetts, USA at 95% purity.
25



5solution (309 (120 m) and water (60 nmil). 200 m of ethyl acetate
and 100 mM water were then added, the m xture shaken up and the
organi c | ayeppsappdoat €d. The aqueous phasg washed with 100 nml et hyl
acetate and the conbi ned organi c phase was then washed with water (2
X 100 m). | 8ymdssifER@plcy Shaking with nmagnesium sul phate, filtered
and evapor at eg under high vacuumto |leave 28.5 g of a pale yellow oil
(vield 10 28Amije 335oNous2-2hyhepd)doGahl -aftty Qompantive)l | | NVR (300
MHz, CDC13) 0.57-1.73 (m 54Hy 1.99-2.27 (m 4H); 2.29-2.47 (m 2H);
2.48-2.78 (m 4H); 3.23- 3.59 ( Synt hesi s Exanple 7 15Am ne 9:
2-et hyl - N- (2- et hyl hexy1) - N- (2- phenox ) hexan-1- am ne
(Conparative) 20A 1L, 3 necked round bott Nd%‘géig\equi pped with
condenser, addition funnel and nechanical stinrier was charged with
2- phenoxyet hanam ne (25 g (98% purity), 179 1 eq), STAB (94 ¢
(97% purity), 429 mmol, 2.4 eq) and 450 nL of nd a magnetic
stirrer. The addition fimel was charged with 2-ethyhexanal (50.4 g
(99% purity), 393AMIMDhetalredctofly 25 - cti-gn

left 25overnight without stirri ﬁg?ﬁa{%@ %gg{)ﬁion \/Ivaa:sl;%gﬁ ﬁg ejga\ﬂl%ﬁﬁ’az'
saturated sctB¥PemnAEAEEs>83mmobr Ballddiumphaserbuag3 partbiof tienesind)gnd

treated wt b Pean .and h i ter. Th
or gant ¢ phaci L0, (RHESR05 & BEPpER B Semiob Bidasam st (10 boys
(95% vyi el d) avtoqakenpyedthanhoiloge@sa0bhabatfur FredB BRRbY F@gpg}lé%‘%ed

presence of the desired di-al kyl ated phénoxy ethyl am ne
purity). 1H 368" sivcensemegbr e reactinm 8 The selBtigmyad R filtkrellovér @it

(m 18H); 2. X . X 98 (t, 2H); 6.84-6.96 (m
S1y; 7. 2. 75 coRveriH Thpfdsibn yiHko B2 M skt ey containing jpono’ and i
ref erend@ cehpdued poductefihesiatiotitdpotiug warpmEed ahd EAYH 1o umn

D esel (HDD) hr?ﬁ%i ne lubricati nt?x oi | meeting the Egguor mance

requi rement s parapky_ heptare/pihahagete 0% 8i%elawhis bedin ypay gellabbi
Det er gent / | (digbigs ans {ild). £ 474, avai e from

I nfi neum USTUI?.)P. , Llﬁnd%n%%%o&{ﬂéﬁlga?ﬁ%gﬁ%wgttai’,eqﬁbi%w OHNMR
Oxf or dshi r e GAIYIHze 6GREi)rdi h§6 &mc biHh), h26i (an 3®H),¢qlge(rdgeng,,2.gl(ttim)i_ dant ,
antiwear, and friction nodifying additives. To this reference oil,
vari ous am ne conpounds were added in anpbunts that increased the TBN
of the I%fefembesioEkamdpleny KOH g, as nmeasured by ASTM D4739. The
resulting lubricating oil conpositions 10 were subjected to an

i ndustry stgﬂlﬂ%ﬁ—@? %ﬁam@'S’eaﬂhS’lhﬁéslﬂzN-ﬂbsiGQwagempl)lmmﬂili.émﬁn'eraﬁwglq%5se
effect a lubricating oil conpositi has on f)uoroel astoneric
materials commonly used to form engjne seals, and which nust be

passed to qualify as a MB p228.5]1 lupricant.| The results are shown in
the followi ng table: 15Table |

2-Methoxyethanamine (10 g, 133 mmol), 2-ethylhexanal (37.6 g, 293 mmol)

and dichloromethane (DCM, 40 g) were stirred at room temperature in a 250 mL 4-
20 neck round bottom flask equipped with a reflux condenser, thermocouple, overhead

stirrer and nitrogen blanket. The mixture was left to stir 3 hours. Sodium

triacetoxyborohydride (STAB, 62.1 g, 293 mmol) was slowly added portion-wise to

the flask. 'H NMR showed the reaction reached completion and was quenched with

saturated aqueous sodium bicarbonate solution. The organic layer was washed with
25  saturated aqueous sodium bicarbonate and brine. This layer was then dried over

magnesium sulphate, filtered, and concentrated yielding a cloudy orange oil. Product



Ex. Inv./Conp. Amine R R2 R3 Amine TBN | TBN Boost2 MB AK6 Test

Parameter (limt) TS

(-50) EABb (-55) VC (0 to+5) H (-5 to

+5) 1 (Ref.) pr2012L004 -21-

10

15

20

25

was purified by column chromatography [heptane/ethy] acetate 95/5] resulting in a
colourless oil (30.4 g, 76% yield). GC-MS confirmed the product purity to be 97%.
"H NMR (300 MHz, CDCl3) 6 0.81-0.91 (m, 12H), 1.20-1.38 (m, 18H), 2.18 (d, 4H),
2.54 (t, 2H), 3.33 (s, 3H), 3.41 (t, 2H).

Synthesis Example 3
Amine 5: N, N’~(2, 2’-(Ethane-1, 2-diylbis(oxy))bis(ethane-2, 1-diyl))bis(2-ethyl-N-

(2-ethylhexyhhexan-1-amine) {Inventive)

u/\/"\/\o/\/“{

2, 2'-(Ethane-1, 2-diylbis(oxy))diethanamine (12.5 g, 84 mmol), 2-

ethylhexanal (47.6 g, 371 mmol), and DCM (50 g) were stirred at room temperature
in a 250 mL 4-neck round bottom flask equipped with a reflux condenser,
thermocouple, overhead stirrer, and nitrogen blanket. The mixture was left to stir 12
hours. STAB (86 g, 405 mmol) was slowly added portion-wise to the flask. '"H NMR
showed the reaction reached completion and was quenched with saturated aqueous
sodium bicarbonate solution. The organic layer was washed with saturated aqueous
sodium bicarbonate and brine. This layer was then dried over magnesium sulphate,
filtered, and concentrated yielding a pale yellow oil. Product was purified by column
chromatography [heptane/ethyl acetate 80/20] (63.7 g, 63% yield) resulting in a clear
oil. GC-MS confirmed the product purity to be 99%. 'H NMR (300 MHz, CDCl;) &
0.81-0.91 (m, 24H), 1.22-1.36 (m, 36H), 2.17 (d, 8H), 2.56 (m, 4H), 3.49 (t, 4H), 3.57
(s, 4H).

Synthesis Example 4
Amine 6: N, N’~(3, 3°-(2, 2’-Oxybis(ethane-2, 1-diyl)bis(oxy)bis(propane-3, 1-
diyh)bis(2-ethyl-N-(2-ethylhexyl)hexan-1 -amine) (Comparative)




-40.0 -36.0 0.50 -LO 2 (Conp.) 1 nnn 241 2 -65.7 -81.1 0. 82

9.0 3 (Conp.) 2 n n

10

15

20

25

PF2012L.004 -22-

N N NN NN,

3, 3'-(2, 2'-Oxybis(ethane-2, I-diyl)bis(oxy))dipropan-1-amine (12.5 g, 56.7
mmol), 2-ethylhexanal (32.0 g, 250 mmol) and DCM (50 g) were stirred at room
temperature in a 250 mL 4-neck round bottom flask equipped with a reflux condenser,
thermocouple, overhead stirrer and nitrogen blanket. The mixture was left to stir 12
hours. STAB (57.7 g, 272 mmol) was slowly added portion-wise to the flask. 'H
NMR showed the reaction reached completion and was quenched with saturated
aqueous sodium bicarbonate solution. The organic layer was washed with saturated
aqueous sodium bicarbonate and brine. This layer was then dried over magnesium
sulphate, filtered, and concentrated yielding an orange oil. Product was purified by
column chromatography [heptane/ethy! acetate 75/257 (29.71 g, 77% yield) resulting
ina yeIlow oil. GC-MS confirmed the product purity to be 97%. 'H NMR (300
MHz, CDCl3) § 0.81-0.91 (m, 24H), 1.19-1.36 (m, 36H), 1.68 (quin, 4H), 2.09 (d,
8H), 2.35 (t, 4H), 3.48 (t, 4H), 3.55-3.66 (m, 8H).

Synthesis Example 5

Amine 7: N-(3—(Butoxypropyl)-Z—ethyl-N-(2—ethy1hexyl)hexan-l—amine
/V\O/\/\N/\(\/\

3-Butoxypropan-1-amine (12.0 g, 91 mmol) and 2-ethylhexanal (25.8 g, 201

(Comparative)

mmol) were stirred at room temperature in a 250 ml, 4-neck round bottom flask
equipped with a reflux condenser, thermocouple, overhead stirrer and nitrogen
blanket. The mixture was left to stir 3 hours. STAR (42.6 g, 201 mmol) was slowly
added portion-wise to the flask. DCM (22 g) was added following completed addition
of STAB. 'H NMR showed the reaction reached completion and was quenched with

saturated aqueous sodium bicarbonate solution. The organic layer was washed with
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saturated aqueous sodium bicarbonate and brine. This layer was then dried over
magnesium sulphate, filtered, and concentrated yielding a red oil. Product was
purified by column chromatography [heptane/ethyl acetate 90/10] (27.3 g, 84% yield)
resulting in a yellow oil. GC-MS confirmed the product purity to be 99%. 'H NMR
(300 MHz, CDCl5) 8 0.81-0.94 (m, 15H), 1.20-1.43 (m, 20H), 1.50-1.60 (m, 2H),
1.61-1.70 (m, 2H), 2.10 (d, 4H), 2.36 (t, 4H), 3.37-3.45 (m, 4H).

Synthesis Example 6
Amine 8: N, N'-( (ethane-1, 2—diylbis(oxy))bis(ethane—2,1-din))bis(2-ethyl-N~(4-

methylpentan-2-yl)hexan-1-amine) (Comparative)

Step 1: N, N'-( (ethane-1, 2-diylbis(oxy))bis(ethane-2, 1—diyl))bis(4-methylpentan~2-

amine)

A1 litre 3 necked round bottomed flask fitted with condenser, mechanical
stirrer, dropping funnel, thermocouple and nitrogen inlet at < 20 mL/min was charged
with 20 g (0.1350 mol) of 2, 2’-(ethylenedioxy)bis(ethylamine) in 450 mL of
dichloromethane. STAB (31.44 g) was added with stirring. 31.0 g of 4-methyl-2-
pentanone was then added drop-wise to the suspension over 40 mins. Afier cooling to
23°C with an ice bath the mixture was stirred at room temperature for about 1.5 hours
and left standing for a further day. The crude product was stirred with a mixture of
saturated aqueous sodium carbonate solution (3 0%} (120 ml) and water (60 ml). The
aqueous phase was diluted with water (100 ml), shaken, separated and washed with
DCM (50 ml). The combined organic phase was washed with water (2 x 150 ml). It
was then dried by shaking with magnesium sulphate and filtered.

Step 2

A 1 litre 3 necked round bottomed flask fitted with condenser, 100 mL
pressure equalizing dropping funnel, nitrogen inlet, digital thermometer and
mechanical stirrer with PTFE paddle was charged with the crude product from step 1
above; a N, N'-( (ethane-1, 2-diylbis(oxy))bis(ethane-2, 1-diyl))bis(4-methylpentan-2-

amine) solution in 560 mL dichloromethane. To this solution was added 40.06 g of
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STAB followed by 8.11 g of glacial acetic acid. 38.08 g of 2-ethylhexanal dissolved
in 15 ml of DCM was then added drop-wise into the stirred mixture over ~ 30 mins,
The mixture was then stirred at ambient temperature for 1.5 hrs and allowed to st.and
overnight. The crude product was stirred with saturated aqueous sodium carbonate
solution (30%) (120 m}) and water (60 ml). 200 ml of ethyl acetate and 100 ml water
were then added, the mixture shaken up and the organic layer separated. The aqueous
phase washed with 100 ml ethyl acetate and the combined organic phase was then
washed with water (2 x 100 m)). It was dried, by shaking with magnesium sulphate,
filtered and evaporated under high vacuum to Jeave 28.5 g of a pale yellow oil (yield
28.5 g, 39% over 2 steps, GC-MS >96% purity). 'H NMR (300 MHz, CDCHL) §
0.57-1.73 (m, 54H); 1.99-2.27 (m, 4H); 2.29-2.47 (m, 2H); 2.48-2.78 (m, 4H); 3.23-
3.59 (m, 8H).

Synthesis Example 7

Amine 9: 2-ethyl-N-(2-ethylhexyl)~N—(2-phenoxyethyl)hexan-1_—amine (Comparative)
Q/O\/\“/_Q

A 1L, 3 necked round bottomed flask equipped with condenser, addition

funnel and mechanical stirrer was charged with 2-phenoxyethanamine (25 g (98%
purity), 179 mmol, 1 eq), STAB (94 2 (97% purity), 429 mmol, 2.4 eq) and 450 mL
of DCM and a magnetic stirrer. The addition funnel was charged with 2-ethyhexanal
(50.4 g (99% purity), 393 mmol, 2.2 eq) and 25 mL of DCM. The reaction was left
overnight without stirring. The reaction was quenched with a saturated solution
NaHCOs;, the organic phase was partitioned and treated with again with NaHCO; and
then washed with water. The organic phase was dried with MgSQ,, filtered and
concentrated. 61.4g (95% yield) of pale yellow oil was obtained. GC-MS analysis
showed presence of the desired di-alkylated phenoxy ethylamine (>97% purity). 'H
NMR (300 MHz, CDCl3) 6 0.78- 0.95 (m, 12H); 1.16-1.47 (m, 18H); 2.25 (d, 4H);
2.77 (1, 2H); 3.98 (t, 2H); 6.84-6.96 (m, 3H); 7.22-7.32 (m, 2H).
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EXAMPLES

A reference composition representative of a commiercial Heavy Duty Diesel

7 3- alkoxy P P 163 2 -54.2 -60.0 0.70

-25.

(HDD) engine lubricating oil meeting the performance requirements of API CJ-4 was

prepared using a commercially available Detergent/Inhibitor (DI) package (Infineum

D3474, available from Infineum USA L.P., Linden NJ, USA and Infineum UK Lid.,
Abingdon Oxfordshire, UK), containing a combination of detergent, antioxidant,
antiwear, and friction modifying additives. To this reference oil, various amine
compounds were added in amounts that increased the TBN of the reference oil 2 mg
KOH/g, as measured by ASTM D4739. The resulting lubricating oil compositions
were subjected to an industry standard MB AK6 Seals Test, designed to quantify the
adverse effect a lubricating oil composition has on fluoroelastomeric materials
commonly used to form engine seals, and which must be passed to qualify as a MB
p228.51 lubricant. The results are shown in the following table:
Table III
Ex. Amine | R R* [R’ Amine | TBN | MB AK6 Test Parameter (limit)
Inv./Comp. TBN' | Boost® .
: TS EAR® | VC© He
(-50) [ (-35) | (0to+5) | {-5to +5)
1 (Ref) | - - - - — | -40.0 | -36.0 | 0.50 1.0
2 (Comp.) i n n n 241 2 657 ; -81.1 0.82 9.0
3 (Comp.) 2 n n n 157 2 7114 | -68.7 { 3.00 1.2
4 (Comp.) 3 n B B 135 2 -57.0 | -55.0 0.90 0.0
5 (Inv.) 4 2- B B 186 3 -45.0 | 477 | 0.78 1.0
alkoxy
6 (Inv.) 5 2- B B 183 2 | -49.6 | 355 | 0.85 1.0
alkoxy
7 (Comp.) 6 3- B B 166 2 -60.5 | -52.8 | 0.69 3.0
alkoxy
8 (Comp.) 7 3- B B 163 2 | -542 | -60.0 | 0.70 0.0
alkoxy
9 (Comp.) 8 2- o B 207 2 -54.0 | -59.0 2.00 0.7
alkoxy
10 (Comp.) 9 2- B B 155 2 -54.0 | -59.0 | 2.00 0.7
aryloxy

"tTBN of the amine compound (ASTM D4739) in units of mg KOH/g

Zincrease in TBN of the [ubricatin

? change in Tensile Strength (%)
® change in elongation at break (%)

¢ change in volume (%)

4 Shore A Hardness

g oil composition (ASTM D4739) due to addition of amine {mg KOH/g)
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i ndi [ that such lubricants would have an adverse eff et _
engi n. Seal s o0 EB BT ca0BaRE S) i seEs icok e sl cfieong

two branchedepghosak GRIELRfRpILs HGRY 39rﬂ%0ad%h180% of%n %lfntﬁe ljlar{firtlght?wg I%‘Llllclil]reg
of the MB AK-6 test (see
> groups and one linear group also results in the failure of the MB AK-6 test (see
Example 4).

In contrast, as shown by Examples 5 and 6, amines of the present invention,
which bear two B-branched alkyl groups and a third chain bearing an alkyl ether on
the second carbon demonstrate MB AK-6 fluoro-hydrocarbon seal compatibility when

10 used in amounts sufficient to boost the TBN of the lubricant 2 mg KOH/g (as
measured according to ASTM D4739)

Examples 7 and 8 show that the use of an amine having the same two
branched alky! chains with a third chain bearing an alkyl ether on the third carbon
results in the failure of the MB AK-6 seal compatibility test. Example 10 shows that

15 the use of an amine having the same two branched alkyl chains with a third chain
bearing an ary! ether on the second carbon also results in the failure of the MB AK-6
seal compatibility test.

The disclosures of all patents, articles and other materials described herein are
hereby incorporated, in their entirety, into this specification by reference. A

20 description of a composition comprising, consisting of, or consisting essentially of
multiple specified components, as presented herein and in the appended claims,
should be construed to also encompass compositions made by admixing said multiple
specified components. The principles, preferred embodiments and modes of
operation of the present invention have been described in the foregoing specification.

25  What applicants submit is their invention, however, is not to be construed as limited
to the particular embodiments disclosed, since the disclosed embodiments are
regarded as illustrative rather than limiting. Changes may be made by those skilled in

the art without departing from the spirit of the invention.
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regarded as illustrative rather than [imting. Changes nay be made by
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i nventi on. %ﬁ%&%ﬂo}&ﬁsﬁdk@m%md@@ entlpian eyl owarpl grovp hpdsg 1 iton
conpri sing abs@ 12 casbFRLN ng il rof i.catin I scosit nd a m nor
anount of one or nore conr%ounsggl (%%%%?%Ilg e?&enﬁ:’f%(’wj%l@ STOWh a3vaRg
R, R2, R3 dridaRautdleadmotatoms)épantenN(@HaOHRLK)! whére ®;¥hd &, QHP
having 1 to-ﬂ% Uty lﬁ o rPon atons; R5 and R6 are each indepéndently H
or an al kyl lgrgup A k?iaﬁ(é gropgsgzﬁr 1 joakoyt b rarkpw atomsxmi is 200 6¢ n is 0 to
N( CH2CHRBRIR(); adext £is RBR a0, CRIR RIS PE D roups having 1
to about 12 carbon atom@nﬁﬁi&,?Z to gﬁ n ?gﬂgh%{)&]fg?ﬂl'ngﬂagwo@out 13

( CR5R6) 6N( CHTERIRBIRYs2 withithyy pramisalthat) wherdips Ne@HsGHRSR) abogt 12 car bon
atons, with i hgt,, when X is N(CH2CHRBR9), R7 is

( CR3R6) nN( ﬁ%??e%sgﬂ?ubri cating oil conposition, as clained
inclaiml, having a TBN of at |east about 6 ng KOH g, as neasured in
accordance wth A;TE/I,D_2896. 3. Alubricating oil conposition, as
clainmed in tlai UOREAKNG @1l-Lommqsiionf aoetaiatediin chimal, aboing aTBNGT at least
KOH g, as naasuked: kb r it h ASTM D- 289 4, A lubricating
oi | conposition, %ghs cfggﬁﬁeaﬁﬁrgflﬁl %r?qo,r %8?/?”@ 128t ent of no
greater than 1.1 mass %

3. A lubricating oil composition, as claimed in claim 2, having a TBN of from

about 6 to about 18 mg KOH/g, as measured in accordance with ASTM D-2896.

4, A lubricating oil composition, as claimed in claim 1, having a SASH content

of no greater than 1.1 mass %.

5. A lubricating oil composition, as claimed in claim 4, having a SASH content

of no greater than 1.0 mass %.



5. Alubricating oil conposition, as clained in claim4, having a
SASH content of no greater than 1.0 mass % PF2012L004- 28 - 6. A

| ubri cati ng @irboigpsgosi tion, as cl ai ned iz% claimb5, having a SASH
content of no greater than 0.8 nmass % 7.“°A lubricating oil

conposi tion, é6as claidmedatidd &l @l e b . st 10 % of
conpositional TBN, as ma@urlgb%&égﬁﬁgﬁgg%@@%lé g‘%&%‘?Nﬁfﬂ%@éﬁ% content
derived fromPhBpEEgsT BN GHmase¥. i ncl udi ng at | east one conpound of
Formula (I). 8. A lubricating oil conposition, as claimed in claimS8,
wherein at | east 20 % of the conpositional TBN, as neasured in
accordance Wit h ASTIWbRMES oill oniRE# f ' compound, of
Formula (1)..9. A lubri catgi ng gﬁ;{% cgrﬁ}%gscirl???gﬁ?n glgﬂ%ihm&}r?rgrami%%@ﬁaﬂ)r#’ﬂf
wherei n f r onth§158mPORIgNal T BibhRstmensirgd KOricgrdahcd with BT MID4AMe, is derived
conposition, J nce with ASTM D473 i s derived
froma corrpofdrﬁlzll %?ﬁlgﬂgrrﬂl égﬂ?ﬂ“ﬁ&%g‘%@ngﬁ%ll%f PRERAmRpUBS P?E@ﬂ%ﬁ%(lﬂvi on, as
claimed in claim4, having a sulfur content of |ess than about 0.4
mass, and no greaé(jr t han 1%00 ppm of phosphorus. 11. A lubricating
oi | conpositon, ubrpcafing gilicAmppsition, ms cladmpd inslaign 8 wiemgiounitasi@0 % of

Formula (1) thees@bssifich nd .R9 ar I .groups,
nore preferably aFk;}Il ga?gﬁgggﬁ%?%dgeﬁ%cgﬁgﬁ?e %@%ﬁgﬂﬁ%ﬁ%s detived
0, mis 2 tdrem ahises opeebmpaimd/oFomub, (Tnost preferably 2, and nis 1

to about 3. 12. A lubricating oil conposition, as clainmed in claim
11, conprising a conmpound of Formula (I) wherein R5 and R6 are H,

R-RLR8 aml RO Ahbreacth ol khp@itbinss E@Mﬁé@inky?miﬁﬁﬁﬁfﬁ?gﬁgﬁﬁ%%m 0.5

atons, Xis 0, mis 2, and nis Ito abo
conposi ti on, !0 3ROW KaneKPHl/g of the HBW, of glormuminsisitipnaa < OeREEItn §f ot b

(1) having t.|east, about 50 KOH g, as neasured in
accor dance \?\}Sﬁﬁw}&%{ﬁéﬁdsﬁgyd ﬁﬁﬁfocfﬂm doggc/)r_mulgﬂ). A | ubricating oil

conposition, as claimed in claim 13, conprising a conpound of
Forrmula (1) . havi :%élﬁ TBN of no greater ‘than about 300 ng KOH g, as

measured inldcco Beatier Bl oosmvsbion730clainkd. in Aladra A hating@h eulfigicohRBt of

prepar ati onjQf tan b d?@hla?&! aBl ho %Pegpe?%l%a}ni o p%rsn gg pahiorsry?h%rus.

11. A lubricating oil composition, as claimed in claim 1, comprising a compound

of Formula (I} wherein R; and Rg are H, Ry-R4, Rg and Ry are each alkyl groups, more
preferably alkyl groups having 1 to about 6 carbon atoms, X is O, m is 2 to 4, more

preferably 2 or 3, most preferably 2, and n is 1 to about 3.

12. A lubricating oil composition, as claimed in clajim 11, comprising a compound
of Formula (I) wherein R; and Rg are H, R|-Ry4, Rg and Ry are each alkyl groups

having 1 to about 6 carbon atoms, X is O, mis 2, and nis 1 to about 3.

13. A lubricating oil composition, as claimed in claim 1, comprising a compound
of Formula (I) having a TBN of at least about 50 mg KOH/g, as measured in
accordance with ASTM D-4739.



in claiml, said concentrate conprising fromabout 2.5 to about 30
mass % of one or nore conpounds of Formula (1); about 10 to about 40
mass % of a pitg,9067- contai ni ng di spersa about 2 to about 20 nmass
% of an am n?c anti oxi dant, a phenolic ag)tt9| OXI dant, a nol ybdenum

conpound, or m I of a detergent
and from abod?’ 2 ;AOHIE 8%}?1% gpéms&g &)%f &4 Cl?‘?‘&e jin H‘SWJ%D‘&%HHSW@“OT“PO“M
di t hi ophosphaf Bormul$(1) Ravieg hABN b hdgrears itag abbe 308 SQKO@-I/E%%@&%IIBH%
oi | conposition thouﬁ’a“dﬁﬂ}‘l gglél y increasing the SASH cont ent

whi ch met hod*EEHERFE &4 3514 aid lubricating oil conposition one
or nore conpounds of Formula (l): Ri R7 (1) wherein R, 122, R3
and 124 are each independently an al kyl or aryl group having Ito

about 12 car bon atowscerEtcaiod tHeGorapaateacdf alnﬁmmg%ﬂtdompkisxﬂbnad% cMikvh

group havi ng,| {1, 12 carbon atoms; . Xis. 0 or N(CH2CHRBR9), where
R5 and R9 are cltl%rdnepies%](ﬁlecﬁpf‘?’rﬁq&ﬂm%slilﬁo@orﬁébﬂ’fgz itqftboabﬂhmaisﬁ’/ocﬁmbgnr

atons; mis rﬁotdl:o&lpdilnd§oﬂ:drﬁlu2@(l) %BS'utFm tb b SFoRRAIN %%559) 25 H

or an al kyl group having 1 to abolit car bon atons, i€ ?) rovi so

that, when XOn&inNpZASCRREEOIHOUR? th Qb((L@RQ FRAANG %W)C?amlomdant a
phenolic antioxidant, a molybdenum compound, or a mixture thereof: about 5 to 40
mass % of a detergent; and from about 2 to about 20 mass % of a metal dihydrocarbyl

dithiophosphate.

16. A method of increasing the TBN of a lubricating oil composition without
concurrently increasing the SASH content, which method comprises adding to said

lubricating oil composition one or more compounds of Formula (I):
Ry

>\ Rs
|
R) N ¢ )X Ry
Re m n

R3 €]

wherein R, R;, R; and Ry are each independently an alkyl or aryl group having 1 to
about 12 carbon atoms; Rs and R are each independently H or an alkyl group having
1 to about 12 carbon atoms; X is O or N(CH,CHRgRy), where Rg and Ry are
independently alkyl groups having 1 to about 12 carbon atoms; mis2 1o 6;nis 0 to
20; and Ry is (CRsR):N(CH;CHR¢Ry),, H or an alkyl group having 1 to about 12
carbon atoms, with the proviso that, when X is N(CH,CHRgRy), Ry is
(CRsR):N(CH,CHRgRg),.



