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FOR THE CARBONYLATI ON OF ETHYLENI CALLY UNSATURATED COVPOUNDS The invention
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5 Group VIII metal cation and a ligand. It also relates to
alkylphenocl esters so produced and to the use of
alkylphenolesters in automotive and industrial
applications.

Carbonylation reactions are known in the art. For

10 instance, in EP-A-0,495,547 several examples are dis-
closed vwherein olefins are converted into (thio)esters,
acids, anhydrides, and amides, etc., depending on the
nature of the coreactant. Similarly, in WO 94/18154, a
process modification is disclosed, based on the presence

15 of an amine, whereby the rate of the carbonylation
reaction as described in EP-A-0,485,547 is increased.

Whilst the process disclosed in WO 94/18154 provides
the desired product in better yield and with greater
selectivity than in EP-A-0, 495,547, further improvement

20 remains desirable. Indeed, there still remain instances
where reaction is slow to proceed if at all.

The present invention aims at providing a process
with increased reaction rate, without impeding other
factors such as selectivity or catalyst stability.

25 Surprisingly, it has now been found that by inclusion
into the catalyst system of substoichiometric amounts of
halide anions, and/or -in case of a coreactant other than
an aromatic alcohol- by the presence of a phenolic com-
pound, the catalyst activity is substantially increased.

30 Accordingly, the invention provides a process for the
carbonylation of ethylenically unsaturated compounds by
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than an aromatic alcohol- in the presence of a phenolic
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10 It is believed that the carbonylation reactions
proceed under the influence of an active catalyst system
containing one or more Group VIII metal cations, in
complex coordination with the ligand, the ethylenically
unsaturated compound and the halide anion and/or the

15 phenolic promoter.

The halide anion can be a chloride, bromide, iodide,
or fluoride anion. From a commercial point of view, based
on price and availability, the chloride is preferred.
From a technical point of view, based on its greater

20 promoting effect and the linearity of the carbonylation
products, the iodide anion is preferred.

Substoichiometric in this specification means that
less halide anions are present than required to
neutralise the Group VIII metal cations. Preferably, the

25 molar ratio of dissociated halide anions versus Group
VIII metal cations is less than 2:1, for instance from
0.02:1 to 1:1, per mole of cation. The ideal ratio
depends on the liquid medium and may be easily found by
those skilled in the art. Suitable sources of the halide

30 anion include both hydrogen halides, e.g., HCl, HBr and
HI, quaternary ammonium or phosphonium halides, e.q.,
triphenylmethylphosphonium chloride and metal halides,
e.g., NaCl, MgBrp, ZnCl,, Znlp, LiBr, RbCl, CsCl, CsI,
MgI» and CuCl, in particular alkali or earth alkaline

35 metal halides.
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particular alkali g¢oRa¢id éﬂn@u&lﬁ@ HRL Bhad - ifiRfoxypyridine, 3- or 6-
gquinolinol, 1- or 2-hydroxynaphthalene {a- or B-
naphthol), o,0'-, m,m'- or p,p*'-biphenocl, 2,2-di(p-
phenylol)propane (DPP}, etc. Suitably, it is a 6-membered

10 ring composed of carbon atoms only. More suitably, the
aromatic backbone is a benzene ring, optionally having
one or more inert groups, such as alkyl groups of up to
20 carbon atoms, attached thereon., For instance, the
phenolic promoter may be 3,5~dimethoxyphenol, hydroqui-

15 none, or phenol, etc. Preferably, the phenolic promoter
is DPP or phenol. The use of the phenolic promoter has
been found particularly beneficial in an amount of up to
40% by weight, based on the total weight of reactants,
optional solvent and the catalyst system. Preferably, it

20 is used in an amount of 10 to 20 %wt.

It will be understood that the phenolic promoter
cannot at the same time partake in the carbonylation
reaction as coreactant. Therefore, in order for the
phenolic promoter to function as promoter, another

25 compound must be present to act as coreactant.

Preferably, the carbonylation process is carried out
in the presence both of the phenolic promoter and the
halide anion.

The carbonylation reaction is conveniently carried

30 out at moderate temperatures. Accordingly, the process is
suitably carried out at a temperature in the range of
from 30 to 200 °C, eg from 100 to 200°C. Preferred
temperatures are in the range of from 50 to 180 °C. The
reaction pressures may also vary widely. For instance,

35 the reaction can be carried out at a pressure in the
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10 In the present specification, Group VIII metals
(referring to the Periodic Table of the Elements as
disclosed in the 6lst ed, of the Handbook of Chemistry
and Physics} comprise the elements Fe, Co, Ni, Ru, Rh,

Pd, Os, Ir and Pt. Preferably the Group VIII metal is a

15 platinum group metal, i.e., Ni, Pd or Pt. Of these,
palladium is most preferred.

Examples of suitable sources of the cation are salts,
such as salts of the Group VIII metal and nitric acid,
sulphuric acid, carboxylic acids having up to 12 carbon

20 atoms in the carboxylate group or sulphonic acid; and
metal complexes, e.g., with carbon monoxide or acetyl-
acetonate. Palladium{II} acetate is an example of a
suitable source of the preferred cation.

Regarding the phosphine, arsine or stibine compound

25 acting as ligand, monodentate ligands such as triphenyl-
phosphine, etc., may be used. However, preference is
given to bidentate ligands containing a second atom that
coordinates with the cation, selected from trivalent N,
P, As or Sb atoms. Suitably, these bidentate ligands have

30 an organic bridging group that contains from 1 to 5 atoms
in the bridge between the two coordinating atoms. One
example of such a bidentate ligand is diphenyl-
{2-pyridyl)arsine.

Preferred bidentate ligands are compounds of the

35 formula RIR2M1-R-M2R3R4, wherein M! and M2 independently
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metals (referring Lo the PethgdicedaRLE 9hiie s §8°0f %P %na R4 inde-
pendently represent a substituted or unsubstituted
hydrocarbyl group.

10 Regarding the preferred bidentate ligands, M! and M2
preferably both represent phosphorus atoms. The bivalent
bridging group R typically is an organic group, inclusive
of organometallic groups such as ferrocylene as in
WO 95/06027 or ortho-anellated annular systems as in

15 WO 95/30680, connecting the atoms M1 and M2 through
carbon atoms. Usually all bridging atoms are carbon
atoms, optionally with hetero-atoms {other than H or C)
attached thereto. Preferably, R represents an alkylene
group containing from 1 to 3 carbon atoms in the bridge,

20 suitably 2 or 3, in particular an ethylene group or a
propylene group. In the preparation of alkylphenol
esters, R ideally represents a propylene group.

The bivalent substituted or non-substituted group,
represented by RI together with RZ, preferably contains

25 from 5 to 9 atoms, preferably 8 atoms. Examples of
suitable bivalent groups include 1, 6-hexylene, 1, 6-
heptylene, and 1,5-octylene. Together with M1, this group
forms a phosphacycloalkyl group. Preferably, Rl together
with R2 represent a bivalent substituted or non-

30 substituted cyclic group. Together with M1, this
preferred group forms a phosphabicycloalkyl group.
Examples of suitable bivalent cyclic groups are
1,4-cyclohexylene, 1,4-cycloheptylene, 1,2-cyclooctylene,
1,4-cyclooctylene, 1,5-cyclooctylene and 2-methyl-1,5-

35 cyclooctylene groups.
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10 4 carbon atoms.

Particularly preferred bidentate ligands are the
{3,3,1) and [4,2,1] isomers of 1,2-P,P'-bis({9-phospha~-
bicyclononyl)ethane, 1,2-P,P'-bis{dimethyl-9-phospha-
bicyclononyl)ethane, 1,3-P,P'-bis{9-phosphabicyclo-

15 nonyl)propane, 1,3-P,P'-bis{dimethyl-9-phosphabicyclo-
nonyl)propane.

For the preparation of the bidentate ligands,
reference is made to known techniques, for example the
method disclosed in British patent specification

20 No. 1,127,965 and Canadian patent specification
No. 2,086,285,

The catalyst systems used in the process of the
invention are further based on a source of anions other
than halide anions, i.e., component (c). It is believed

25 that the size of the anion and the distribution of
electric charge in the anion significantly contribute to
the stability of the catalyst system. Suitably, acids are
used as the source of anions, or the salts thereof.
Preferably, anions are used that are the conjugated base

30 of acids having a pKa (measured at 18 °C in water) of
less than 3, preferably less than 2. The anions derived
from these acids are non-coordinating or weakly
coordinating with the Group VIII metal cation, by which
is meant that little or no covalent interaction occurs

35 between the anion and the cation. Catalysts based on
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‘P, As or Sb, Rrepresents a bivalent substituted or non-substituted
“bridging group containing froml to 5 atons in the bridge, R err] and R2
together are a substituted or non-substituted bival ent group whereby the
two free 5 WO/Mehcies are linked to Merr], and R3 and EﬁT %@ are
a substituted or non-substituted bival ent group whereby the two free
val encies are linked to M or R3 and R4 inde--pendently represent a
substituted or unsubstituted hydrocarbyl group. 10 Regar di ng t he
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Exanpl es 050 tert-butanesulphonic acid, p-toluenesulphonic acid and
2,4,6-trimethylbenzenesulphonic acid.

Also, complex anions are suitable, such as the anions
generated by a combination of a Lewis acid such as BF3,
B({CgFs5)3, AlCl3, SnFy, Sn(CF3503)2, SnCls or GeCly, with

15 a protic acid, preferably having a pKa of less than 5,
such as a sulphonic acid, e.g. CF3S03H or CH3SO3H or a
hydrohalogenic acid such as HF or HCl, or a combination
of a Lewis acid with an alcohol. Examples of such complex
anions are BF4~, SnCl3™, [SnCl,.CF3503] " and PFg .

20 When an organic or inorganic base is present, e.g.,
as further catalyst promoter, anions derived from acids
having a pKa in the range of 6 to 3 may also be used.
Examples thereof include carboxylic acids.

The quantity in which the catalyst system is used, is

25 not critical and may vary within wide limits. Usually
amounts in the range of from 1078 to 10~1, preferably in
the range of from 10”7 to 1072 mole atom of component (a)
per mole of ethylenically unsaturated compound are used.

For the preparation of the catalyst systems of the

30 invention, the amount of ligand is generally applied in
some excess of the amount of the Group VIII metal cation,
expressed as moles of ligand per moie atom of the cation.
Typically the amount of ligand is selected such that per
mole atom of the cation, in the range of from 0.5 to 10

35 moles of ligand are present. However, for the preferred
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cation. .

10 If desired, the reaction may be performed in the
presence of a further catalyst promoter, such as an
organic or inorganic base. Suitably, an amine is used.
The amine is typically a cyclic amine or a tertiary
amine, for example a trialkylamine. A preferred further

15 catalyst promoter is triethylamine. The amine may be used
in large amounts. Suitable amounts include up to 1000,
e.qg., from 1 to 20 moles per mole of cation. In
particular in the carbonylation of (cyclo)alkadienes, and
or the carbonylation with (substituted) phenols as

20 coreactant, the presence of a further catalyst promoter
has been found very beneficial.

In the process of the invention, the starting
materials and the formed carbonylation products may act
as reaction diluent. Hence, the use of a separate solvent

25 is not necessary. Conveniently, however, the carbonyla-
tion reaction may be carried out in the additional
presence of a solvent. As such, saturated hydrocarbons,
e.g. paraffins and isoalkanes are recommended and
furthermore ethers such as 2,5,8-trioxanonane {diglyme),

30 diethylether and anisole, sulphones such as sulpholane,
and aromatic hydrocarbons such as toluene.

The ethylenically unsaturated compound may have one
or more double bonds and is preferably an olefin having
from 2 to 30 carbon atoms per molecule. The unsaturated

35 bond (s} may be internal or, preferably, terminal.
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hydroxyl groups, cyano groups, such as methoxy or ethoxy
groups, or amino groups such as dimethyl- and diethyl-

10 amino groups.

Apother preferred category of ethylenically unsatu-
rated compounds, consists of unsaturated esters of
carboxylic acids and esters of unsaturated carboxylic
acids. For example, the starting material may be a vinyl

15 ester of a carboxylic acid such as acetic acid or
propanoic acid, or it may be an alkyl ester of an
unsaturated acid, such as the methyl or ethyl ester of
acrylic acid or methacrylic acid.

A further preferred category of ethylenically

20 unsaturated compounds, consists of cycloalkadienes, which
will ordinarily refuse carbonylation. For example, the
starting material may be dicyclopentadiene or norborna-
diene, to give diesters, diamides or diacids, etc., which
may find use as monomer in polymerization reactions.

25 Suitable coreactants in the process of the invention
include compounds comprising a nucleophilic moiety and a
mobile hydrogen atom.

Preferred nucleophilic compounds include: water and
alcohols, e.g., monohydric alcohols, such as methanol,

30 ethanol, isopropanol and l-butanol, and polyhydric alco-
hols, such as ethyleneglycol, 1,4-butanediol and
glycerol; thiols; primary or secondary (poly}amines or
amides, such as diethylamine, N,N-dimethyl ethylene-
diamine; aromatic alcohols and carboxylic acids, for

35 example acetic acid, pivalic acid and propanoic acid.



t.hese anions exhibit a substantially inﬁroved activity. Suitable anions

4 nclude anions derived fromBronsted acids, such as from phosphoric acid
and sul phuric acid, and in particular from sul phonic acids and

(hal ogenated) 5 carboxylic acids, such as trifluoroacetic acid,

2, 6-di chl or ohowzsmes aci d, and 2, 6-bis(trifluoronethyl)- bercpEPIIRtIos or
trifluoroacetic acid. Anions derived from sul phonic acids are particularly
preferred, for exanple nethanesul phonic acid, trifluoromethanesul phonic
acid, 10 tert - but anesul phoni c acid, p- tblU%ﬁésulphonic acid and

2,4, 6-trinmethyl benzenesul phoni c_aci d. Also conpl ex anions are suitable,
such as the anlon@ogﬁh&ﬁQﬂQufh@Phaléoh%Vh%ﬂ|ﬁﬂmbﬂ oL éwFarken chtursh pes BF3,
B(C[err]Flerr])[ eﬁtéiecuﬁé]a[rf& dinySpke, a&&t@i@ﬂa]v@ggeffiﬂl[ﬁrtfd 6 APHEnor

Ged 2, with 15 oti c ac grefer dgwng a pKa of less than 5,
such as a sulphon?EoﬁilgFr BePF ?%%ﬁ r CHerr]SOerr]H or a

hydr ohal ogeni ¢ aci d slmﬂutﬁndHF @BthﬁholoﬁndikxﬁﬂbmﬁanedhObfazalﬁanegiaéﬂd

wi th an al gohol . f%éf@h@éd ofTh%u%ecemsés@r& uRs BE[@asf&act%a@s[ err],
[SnCl[err].CFlerr 5 an or anlc or

] and PFlerr].. 2
i norgani ¢ base is g%i%ﬁtéﬁ odug lPﬁr?ﬁééa §PrBPB¥bTE&°nzﬂT
derived fron1acidschaylsqphiqﬁ«methyihpropampntﬁ, &u&ngpnawamdaﬂn beuhsed
Exanpl es thereof i nglyfle ¢ag wthaeemﬂﬁeséf F@ow%%hst Xrénof"rﬁcﬁﬁnehlelﬁ. Lo

catal yst systemis used, s var

limits. Usual |y asBERFESY PR é“%hﬁ&euﬁ?df??nﬁ?ﬂYQ@tPoaﬁé[é?rf AYPERRGabl y i n
the range 1f froncéfbpesitidms Bidepekfimeée. at om of conponent (a)

another preferred class of coreactants is composed of

alkylphenols, wherein one or more alkyl groups of up to
30, typically 4 or 6 to 22 carbon atoms are attached to
the phenol molecule. Carbonylation of these coreactants

15 produces alkylphenyl esters. Certain of these alkylphenyl
esters may find use as synthetic lubricants in industrial
application, but in particular in automotive engines, as
they exhibit a very low volatility combined with a low
viscosity and a high oxidation stability. These

20 characteristics give the alkylphenyl esters a significant
advantage over existing lubricants when considering two
important requirements for future lubricants: increasing
fuel economy and lowering emissions. Besides, they
exhibit excellent hydrolytic stability, good cleanliness

25 performance and good elastomer compatibility.

From Japanese patent specification no. 2-292395A,
esters of alkyphenols and monobasic acids are proposed as
component base oils for lubricant compositions. The alkyl
phenol ester proposed have the formula

30 ?
OCR1
(Rolnm

in which m is 0 to 2, Ry is hydrocarbon eg alkyl, and Ry
is alkyl of 1 to 8 carbon atoms. No specific example of



per nole of ethylenically unsaturated conpound are used. For the
.preparation of the catal yst systens of the 30 I nvention, the anmount of
ligand is generally applied in sone excess of the anobunt of the G oup VIII
netal cation, expressed as noles of ligand per nole atom of the cation.
Typically the B#40f |igand is selected such that per nolRCTRPSHIINS t he
cation, in the range of fromO0.5 to 10 35 nol es of |igand are present.
However, for the preferred WD 97/ 38964 - 11 -

PCT/ EP97/ 01 905 cat al yst systemthe active species is believed to be based

on an eq]tgi gp:jar anmmhl_ @Bdbbd@f\tfeli @i|s:ccQ%Bg¢p%pFDé@e Gy %lr&brllaaltﬁ% the nol a][
amount of bidentate |igand per nole.of cation is prefer i e range o
from1lto 3, 5 prﬁg%%tﬁﬁgféﬁﬁuﬁ%fq ﬁ°PR8“P§ﬁg%P§ lé?%ﬁ1l*?ogﬁ§ RoY (e
presence of oxygen,fosindglhiy Gi-gherlkaiphenel neytées bevef upisakitalibe anount
of the ani on SOUT CorgRkrta8seal TABCINS Mier SEE! Aok LI LoAghdy Mol s

er nole of cation. ..Jf desired, the reaction nmay-be pertorned
!Dn t he presehce of egjtFﬁFt Ret ”éjat-t}hla&/g’tlgb%nﬁ?ﬁl??n-s‘iﬂﬂfaééu&ﬁ 8L&%hi c or

i norgani ¢ base. Suistdsitytuent ssirpriisingdgdshdhes ggriinddantilypbeatéy a cyclic
amne or a tertiar Xro@%itﬂﬁitflprvf)&?ﬂ@#:%ué Eéiﬁ‘tkﬁ(ic?d’gfﬁ-es'?‘ preferred further
15 cat al yst pronn&gr Is_triethyl amne, The am ne may be used

us, the invention also provides novel alkylphenyl

esters of the general formula
10 R'hCeH (5-5) OC(=0)R" (1)

wherein R' is an alkyl group of from 10 to 30 carbon
atoms, suitably of from 10 or 12 to 22, preferably from
10 to 20, more preferably from 12 to 20, especially from
14 to 18, carbon atoms, n is an integer of 1 to 5,

15 typically 1 or 2, and R" is an alkyl group of from 1 to
30 carbon atoms, suitably of from 4 to 22, preferably 6
to 20, more preferably 6 to 15, especially 8 to 12,
carbon atoms. Preferably, n is 1, and R' together with R"
preferably have from 20 to 40 carbon atoms. More

20 preferably, the number of carbon atoms in R' is equal to
or preferably larger than to the number of carbon atoms
in R”.

An alkyl group R' or R" may be a straight chain or

branched chain alkyl group. The starting alkylphenol is

25 suitably prepared by alkylation of the phenol. For
instance, they may be prepared by alkylation of a phenol
with an alpha or internal olefin, e.g., such as an alpha
olefin having from 14 to 18 carbon atoms. The novel
alkylphenol esters may also be prepared through

30 esterification, e.g., by reaction of the alkylphenol with
the carboxylic acid or corresponding acid chloride by
conventional procedures, eg preferably at reflux, in an
organic solvent, if necessary, and using an acid
catalyst, for example methane sulphonic acid.

35 The invention further provides the use of the
This Sheet Has Been Replaced
REPLACED




in large anounts. Suitable_amounts include up to 1000, e.g., from1l to 20
..ol es per nole of cation. In particular in the carbonylation of

(cycl o) al kadi enes, and or the carbonylation with (substituted) phenols as
20 coreactant, the presence of a further catalyst pronoter has been
found very keoessssésal . In the process of the invention, thRCEERNDING
materi-al s and the formed carbonylation products may act as reaction
diluent. Hence, the use of a separate solvent _ i S not necessary.
Conveni ently, however, the carbonyla- tion reaction may be carried out in

the additional presence of a solvent, As such, saturated hydr b , €e.g.
paraffins and i sodtkaRhenyile esEebimehdeFhd ﬁuP?héY?ﬁFék%ﬁﬁLﬁa?%%ﬁgﬁgase °

2,5, 8-trioxanonangoy dirgyamele, iB0automotdied fappdtiketiansg. ain geirdicydhphones
such as sul phol ang?ea{ﬂ( rp‘?%?a hceg¥%§’%ﬁ{%§m %{Ucﬁoéétﬁé’zl ugng: rFBave

et hyl eni cal | y unsat ur at C oun ave one . or pore doubl e bongs and is
ﬁxg‘ﬁl

preferably an ol ef¥er ity 40r SRFEOPOg%‘B“% Lt BRET PR YR PFOREE T FRe

gg/sgg gg Zt ed 35 regdfdiiE visepshey nbeidetliver stpbéletabing wodatiidaky . VO -

Particularly pr ef'JélP?%%i ! reé'“ec%lneftlhﬁsn AV n o% rcc?r,ﬁb nfgqéxggggé g%'gqgt g%%aler
nmol ecul e, such ast@t¢m”n;eq§n§péﬁe;arger than the number of carbon atomg
in R" can exhibit an attractive, low pour point.
Oxidative stability and pour point may be further
10 improved by the presence of branched alkyl groups in
either R' (resulting from alkylation with an internal or
branched olefin) or R" (resulting from carbonylation of
an internal or branched olefin).
Finally, in accordance with the present invention
15 there is also provided a lubricating oil composition
comprising as a base fluid an alkylphenol ester as
mentioned above. In the lubricating oil composition, the
alkylphenol ester may be present in an amount of at least
2% by weight, preferably at least 10% w/w, more prefer-
20 ably at least 40% w/w of the total base fluid. It may be
present in an amount up to 100% w/w, preferably up to 90%
w/w, more preferably up to 75% w/w on the same basis. It
should be understood, however, that the amount of alkyl-
phenol ester may vary with the price-performance aimed
25 at. Furthermore, in the lubricating oil composition
according to the present invention, the balance of the
total base fluid is preferably a base oil of mineral or
synthetic origin.
Suitable additives with which the compounds of the
30 present invention may be used for engine oil application
may include one or more extreme pressure/anti-wear
agents, for example zinc salts such as zinc dialkyl or
diaryl phosphorodithiocates (at a concentration giving
from 0 to 0.15% w/w phosphorus in the lubricating oil
35 composition); one or more overbased metal~containing



1- butene, 1-hexene, 1-octene, 1-dodecene and 1-octadecene. 5 In
‘the ethylenically unsaturated conpound one or nore hydrogen atons may have
" been substituted by other atons, such as hal ogen atons or by groups of
atons, such as hydroxyl groups, cyano groups, such as netho§%npr et hoxy
groups, or anWeJd78#%tps such as dinethyl- and diethyl- 10 A0S
groups. " Anot her preferred category of ethylenically unsatu- rated
conpounds, consists of unsaturated esters of canBoxylic acids and esters of
unsat urated carboxylic acids. For exanple, the starting material may be a

Rl d, or Tt may be et aoran ! & AN Or a g L M SabLopRRRS
mothyl or ot hyl oot ARTAEFYEPELRRIRA RS IRERSERY | 7E SR REPGRERBY
preferred category<nﬁmmmhybemonaimytﬁﬁ)lubrlcansagumaleﬂmmmmp&mndsfrmmﬁbists
O aoycLoa kadi enes, ool | 85810 WEtUSERAL Al 36 BRenfRls ap

exanpl e, the startlng naterla adlene or or na- ene
to gi've di esPers, d?%ﬁa&égsﬁh’ﬁ?%ﬁ‘%lé‘u’@t"ées \AHFE%G%WW |tﬁ(¥aés€e'é§rmfoner
in polynerlzatlon reeaciendmatidh in the luﬁﬁdbhabhg @nmeamtﬁﬂmsion fhem C

process of the invey iRy W& Udﬁnrred aggg‘g%gsag%)@rsr% I %88?1:&6&5 noi ety

and a nobile hydrogen atom nucl eo ounds i nclude: water
and al cohol's, e.g., %&ﬁya%eta%m@ct@eﬁ Be )ﬁ%?‘l’f%iﬁcﬂny succinic

anhydride and an amine or ester (present at total

10 dispersant active matter concentration in the lubricating
oil composition from 0 to 20% w/w); optionally one or
more brimary antioxidants, for example hindered phenols
or amines (present at concentrations in the lubricating
0il composition from 0 to 5% w/w). Other supplementary

i5 additives, for example anti-rust or friction-modifying
additives may optionally be present. Viscosity Index
improving polymers may opticnally be present at polymer
concentrations from 0 to 20% w/w. Pour point depressing
additives may optionally be present at concentrations

20 from 0 to 5% w/w.

The balance of base o0il in the lubricating oil
composition may be a base oil of mineral or synthetic
origin. Base o0ils of mineral origin may be mineral oils,
for example produced by solvent refining or hydro-

25 processing. Base o0ils of synthetic origin may typically
be mixtures of Cjg.-50 hydrocarbon polymers, for example
liquid polymers of alpha-olefins. They may also be
conventional esters, for example polyol esters. The base
0il may also be a mixture of these oils. Preferably the

30 base 0il is that of mineral origin sold by the Royal
Dutch/Shell Group of Companies under the designations
"HVI" (trade mark) or, most preferably, the synthetic
hydrocarbon base oils sold by the Royal Dutch/Shell Group
of Companies under the designation "XHVI" (trade mark}.

35 The invention will now be further described in the



30 et hanol , isopropanol and 1-butanol, and pol yhydric alco- hols, such
-as et hyl eneglycol, 1,4-butanediol and glycerol; thiols; primry or
secondary (polylam nes or am des, such as diethylam ne, N, N dinethyl

et hyl ene- diam ne; aromatic al cohols and carboxylic acids, for 35

exanpl e acewbos®sqd, pivalic acid and propanoic acid. WO EPI7TR3NS 4

PCT/ EP97/ 01905 - 10 - Monohydric al cohols having from1l to 6 carbon atons
per nol ecul e and di hydric al cohols having from2 to 6 carbon atons per

nol ecul e are preferred. 1-Butanol, nethanol and 1, 4-butanediol are

especially referred. The usg of these ound as £ore ctants
enabl es the prodﬁegiﬂml?ﬂ ?ﬁﬁ“ﬁiﬁFé ESYfﬁﬁﬁﬂzﬁﬁég?E§r5ﬁs 1ng as net hyl

propanoat e, butybkcppepambhtexperdménds divecs | caor ilpdt @n&slnTmeszegmmldds are
of commercial inteseslaapsh Y iEousade A ALY At rAidel Indl SUUY T el O

conposi tions and umes, Another preferred class of coreactants is
conmposed of aIkyPEHéﬁB%%tlQﬂﬁﬂqﬁeﬁ bﬁe the TﬁP%f%ﬂh%ﬂe GPEUPRLEIW P to 30,

typically % or 6mban2ﬂgsarbon atons are attached to the phenol nol ecul e.

Car bonyl ati on of Englp qhagg§é§ ho? %ﬁ{gygy%qBabkyI&penyl esters.

Certain of these a ester use as synthetlc | ubricants in
i ndustri al l}nonyl)ethane.
BCPP = 1,3~P,P'-bls{9—phosphabicyclo{3,3,1 or
4,2,1]nonyl)propane; '
= methanesulphonic acid;

10 MSA
' DPP 2,2-di (p-phenylol)propane.
Example 1 {(Comparative)
The autoclave was charged with 20 ml of butanol,
40 ml of butyl propancate (solvent), 0.25 mmol of palla-
15 dium({II) acetate, 0.6 mmol of BCPE, 0.5 mmol of MSA and
5 ml of triethylamine. After being flushed, the autoclave
was pressurised with carbon monoxide and ethene to a
partial pressure of 15 bar and 10 bar respectively. Next,
the reactor was sealed. The contents of the autoclave
20 were heated to a temperature of 125 °C and maintained at
that temperature for 2 hours. After cooling, a sample was
taken from the contents of the autoclave and analysed by
Gas Liquid Chromatography.
Ethene was fully converted with 100% selectivity into
25 butyl propanoate at an average rate of 300 mol per mole
Pd per hour (mol/mol.hr). Similar results were found in
the presence of 1 ml triethylamine.

]

Example 2
The experiment of Example 1 was repeated, however, in
30 the presence of 0.25 mmol HCl.

Ethene was now fully converted with 100% selectivity
into butyl propanoate at an average rate of
1200 mol/mol.hr.

Example 3
35 The experiment of Example 1 was repeated, however, in



application, but in particular in autonotive engines, as they exhibit a
‘very low volatility conbined with a | ow viscosity and a high oxidation
"stability. These 20 characteristics give the al kyl phenyl esters a
significant advantage over existing |lubricants when considering tw)

i npor t ant redﬁ??@?@?ﬂs for future lubricants: increasing fuBFVERSRBY and

| oweri ng em ssions. Besides, they exhibit excellent hydrolytic stability,
good cl eanl i ness 25 performance and good- elsast omer conpatibility. From
Japanese patent specification no. 2-292395A, esters of al kyphenols and

monobasi ¢ aci ds_ar en oroRee’eas rCOMRRGTE Y rdpas i@l keifoindtddd GANMSA and

conpositions. The, al kyl phenaol ester. . pr ed have the forrmula [err] in
which mis 0 to 2,1%[@‘?]}’%959%&8%61{%0 bgg ‘alkyl, and R2 is alkyl of 1 to

8 carbon atons. No spdififene wranpbe Hilly conyerimdewith 1@0%isedectévitwor

are any |ubricant prapenidas pk8pafdste CAMRRURLIS raBeCE EED s It has now 5
been found %ﬂat Cifiééﬁﬁggy%bﬁhsnol esters have unSuitable properties as

| ubricants er eas k$E *phenol esters but with a higher
car bon-cont ai ni ng al kywhesulpbenblien$ ssedrinsitiegdy o§ hDRP sigmidvierage! yabet t er

volatility, VI and,poufcBRi Bt REBBCKL Bfo1 3. Thus, the invention
al so provi des novel aIKyIphenyI
Example 4
The experiment of Example 1 was'repeated, however, in
10 the presence of 0.25 mmol HCL and 5 g phenol.

Ethene was now fully converted with 100% selectivity
into butyl propancate at an average rate of
4000 mol/mol.hr. When 10 g of phenol were used, the
average rate increased to 8000 mol/mol.hr. An average
15 rate of 8000 mol/mol.hr was also found when 10 g of DPP
instead of phenol, and triphenylmethylphosphonium
chloride instead of HCl were used.

Example 5
The experiment of Example 1 was repeated, however,
20 without triethylamine and 1 mmol of propanoic acid

instead of MSA, and in the presence of 0.25 mmol HC1l and
10 g phenol.
Ethene was now fully converted with 100% selectivity
into butyl propanoate at an average rate of
25 7000 mol/mol.hxr. When 2 ml of triethylamine were added,
the average rate increased to B000 mol/mol.hr.
Example 6
The autoclave was charged with 20 ml l~-octene, 15 ml
N,N-dimethyl~1, 3-propanedianine, 40 ml toluene, 0.25 mmol
30 of palladium(II) acetate, 0.6 mmol BCPE, 0.5 mmol MSA,
0.25 mmol NaCl and 10 g of a-naphthol. After being
flushed, the autoclave was pressurised with 20 bar carbon
monoxide. Next, the reactor was sealed. The contents of
the autoclave were heated to 145°C and maintained at that
35 temperature for 5 hours. After cooling, a sample was



esters of the general fornula Rlerr]err]Herr]O(=OR " (1)
wherein Rlerr] is an al kyl group of from 10 to 30 carbon atons, preferably
an al kyl group having at |east 14 15 carbons atons suitably an al kyl
group of from10 or 12 to 22, preferably from10 to 20, nore preferably
from1l2 to 2Wo9wsgeci ally from 14 to 18, carbon atons, n i $CuEPYMUMWIer of 1
to 5, typically 1 or 2, and Rerr] is an alkyl group of from1l to 30 carbon
atons, suitably of from4 20 to 22, preferpbly 6 to 20, nore preferably
6 to 15, especially 8 to 12, carbon atons with the proviso that the

al kyl phenol est er 5§eﬂo£ré¥nttﬁ{ex%@ﬁ@ék€9h§fm§1 LI Gee B S LT,

4-tetradecyl phenyl ester anoi ¢ acid tetra ecy
25 tetradecyl BR€nol , acetate or acetic acid- 4- dodecylphenylester.

Preferably, nis 1, ardeRBrddugethen, N#Btmé{hymuﬁuahahbﬁrﬁﬁyB)ﬁdﬂ&ﬂéﬁld&@ 40
car bon at ons. I\/brg gr

or preferably Iarger % “%fh;gﬁu QQP{Fygﬁfggﬁonpgto Bln coqveﬁé?%%al to

al kyl group R or°R 5PrﬁyW5b‘"e reaghes g P rERspPondingtengheaverzga zatigylofgr oup.
The starting al kyBpbemel /msl sititably prepared by al kyl ati on of the phenol.

For - 1lla - Example 7

Example 6 was repeated, however, with Nal instead of

NaCl. Besides, the contents of the autoclave were now
10 heated for 1 hour.

The product was formed with a linearity of 97%,
whereas an olefin conversion of 60% was reached. This
corresponds to an average rate of 1500 mol/mol.hr.
Example 8

15 Example 7 was repeated, however, at 125 °C instead of
145 °C. The contents of the autoclave were now heated for
1.5 hours.

The product was now formed with a linearity of 98.5%,

whereas an olefin conversion of 80% was reached. This
20 corresponds to an average rate of 1000 mol/mol.hr.
Example 9

The autoclave was charged with 20 ml l-octene, 15 ml
2~aminocethanol, 40 ml diglyme, 0.25 mmol of palladium(II}
acetate, 0.6 mmol BCPE, 0.5 mmol MSA, 0.25 mmol Nal and

25 5 g of phenol. After being flushed, the autoclave was
pressurised with 20 bar carbon monoxide. Next, the
reactor was sealed. The contents of the autoclave were
heated to 175 °C and maintained at that temperature for
1 hour. After cooling, a sample was taken from the

30 contents of the autoclave and analysed by GLC.

The product, {2-ethylol)nonanamide, was formed with a
linearity of 97%. An olefin conversion of 60% was
reached, corresponding to an average rate of
1500 mol/mol.hr.

- 35 Example 10



I nstance, they may be prepared by al kyl ation of a phenol with an al pha or
_internal olefin, e.g., such as an al pha 5 olefin having from14 to 18
carbon atons. The novel al kyl phenol esters nay al so be prepared through
esterification, by reaction of the al kyl phenol with the carboxyllc
acid or corrd¥® 8%8%”9 acid chloride by conventional procedu}'(é'gE

preferably at reflux, in 10 an organic solvent, if necessary, and using
an acid catal yst, for exanpl e net hane sul phontclactd. The invention further
provi des the use of the WO 97/ 38964

PCT/ EP97/ 01905 - 12 - wéiyd pimenylamestetslpst f mnl athlasessyﬁtmmilc

| ubricants, for instan ti &R l,GU e

al kyl phenyl est ers%ﬁe§§?é&]ﬁ§%{ y%t érgbvm ?Jhé%aé havgslgr % 1§ Efggcc{';:llrabon
atoms exhi bi t attraéﬁhvéopw%uﬂﬁﬂha@§15 The CORRNE 9§ vh%c@%ﬁ@@ﬁaﬁﬁaWﬁaﬁlve
stability and vol ahkhtéd. £IhoSe HYRESI Mhé her SUTEE wa@f aﬁawg)éuawrﬁﬂduﬁ i's

b bi t an drtract FOBPoPEh B TR0 o G ERT By | (A8 S RABERF Ly BrRRUSr AhoPh
may be further 10 averagerplrm@ﬁoyot nmelppekdie enst apr aqth@dexm kgANMErSUPs i n
either R (resultipg dsgmalkylation with an internal or branched ol efin)
or R" (resulting fEQQkaébﬁpylatlon of
The autoclave was charged with 20 ml l-octene, 20 ¢
10 phencl, 40 ml toluene, 0.25 mmol of palladium{II}
acetate, 0.6 mmol BCPP, 0.5 mmol MSA, 0,25 mmol NaCl and
6.2 ml triethylamine. After being flushed, the autoclave
was pressurised with 20 bar carbon monoxide. Next, the
reactor was sealed. The contents of the autoclave were
15 heated to 150 °C and maintained at that temperature for
1.5 hours. After cooling, a sample was taken from the
contents of the autoclave and analysed by GLC.
The product, phenyl nonanoate, was formed with a
linearity of 70%. An olefin conversion of 80% was
20 reached, corresponding to an average rate of
1200 mol/mol.hr.
Example 12
Example 11 was repeated, however, using LiBr instead
cf NaCl, at a temperature of 125 °C. Besides, the
25 contents of the autoclave were heated for 1 hour.
Phenyl nonanocate was now formed with a linearity of
83%. An olefin conversion of 50% was reached, correspond-
ing to an average rate of 1500 mol/mol.hr.
Example 13
30 Example 11 was repeated, however, using NalI instead
.of NaCl, at a temperature of 125 °C.
Phenyl nonancate was now formed with a linearity of
86%. An olefin conversion of 90% was reached, cor-
responding to an average rate of 1200 mol/mol.hr.



an internal or branched olefin). Finally, in accordance with the present

-4 nvention 15 there is also provided a lubricating oil conposition
conprising as a base fluid an al kyl phenol ester as nentioned above. In the
| ubricating oil conposition, the al kyl phenol ester nay be present in an
anount of atwbermed2% by wei ght, preferably at | east 10% WPCI/EPATOS0HT ef er -
20 - ably at least 40% w w of the total base fluid. It may be present in
an anmount up to 100% w w, preferably up to 90%g/w, nore preferably up to
75% wW w on the same basis. It should be understood, however, that the

anount of al kyl - ghe@oie elai er may vary with the pri.ce-performance ainmed 25
at. Furthernore, ricating oil conposition according to the

present invention, tHhoAEACIaBe vae ¢hargehadshf Pupd dicyplmeniBhyerebase
oi | of mmneral or (1§d}!’l§)het400 nf mgtﬂan&w ted = raddi vagglmaimwmmh the

app] | cat ton mmy | ACFERRE otk fo PR BC 2t i TPe Be) e W Mdanfomlt or
exanpl e zi Ac sal t sriefdiyiaminienendi &l #y¢ L qrheficdr. yﬂfpﬁﬁsbhmmdffltwfl@alt/eé’,héat a -

concentration gi ViRgod 1458 GalsOpPed ade Yé & RAGTP RO B%r' Eai'}bcﬂa InHdxG el Ng Oi |

I?ng/ EP97?8T§8§I t I?Q):t‘,, ee q:rea 53(13' 8¥grggasfedd m;.‘lll'u-:- con m ng the VO 97/ 38964

autoclave were heated to 155 °C and maintained at that
temperature for 10 hours. After cooiing, a sample was

10 taken from the contents of the autoclave and analysed by
GLC.

The product was analysed to be composed for 64% of
diesters and 36% of monoesters (by mole). The product was
formed at 100% DCPD conversion and an average rate of

i5 30 mol/mol.hr.

At a temperature of 165 °C, the diester content
increased to 70%, and the average rate to 100 mol/mol.hr.
Example 15

Example 14 was repeated, however, using 10 g phenol

20 (155 °C). The diester content increased to 80%, and the
average rate to 150 mol/mol.hr.
Example 16

Example 14 was repeated, however, using 10 g

B-naphthol or 3, 5-dimethoxyphenol (155 °C}. The diester

25 content in each experiment increased to 84%, and the
average rate to 200 mol/mol.hr.
Example 17

A hexadecylphenol was prepared by alkylating phenol
with l-hexadecene in the presence of 2% by weight of an
30 acidic zeolite as catalyst.
The autoclave was charged with 11 ml l-octene,
41.75 g of the hexadecylphenol, 26 g sulpholane,
0.25 mmol of palladium(II) acetate, 0.6 mmol BCPP,
0.5 mmol MSA, 0.10 mmol HCl and 1.65 ml triethylamine.
35 After being flushed, the autoclave was pressurised with



- 13 - detergents such as cal ciumor magnesium al kyl salicylates or

.al kyl aryl sul phonates (present at total detergent concentration in the

| ubricating oil conposition fromO to 20% w w); one or nore detergents such
as phenates and 5 phenat e/ sul phonate 'm xtures (present at total
detergent con®&hPE¥*on in the lubricating oil conposition fRCERITEIES200,
w w); one or nore ashless dispersant additives such as reaction products of
pol yi sobut enyl succinic anhydride and an anm ne @ ester (present at total
10 di spersant active matter concentration in the lubricating oil

conposition from 0 {p, ﬂ%é)r”cw}boﬂgkérg%ﬁi o ’i&@ﬁtohﬂ@rﬁea‘%@o’}%&s sealed.

anti oxi dants, for exanpl e hindere S _or am nes (prese
concentrations in tHE [ORERREE| Eﬁ? %ﬁi@ﬁé§vﬁlUﬁr¢rkﬁﬁQ?Q(§°5@$ﬁ/w3 ang her
suppl'enentary 15 maimsdnedves, ttﬁaar e uast fof Usthdiirs. After

friction-nodifyi ng addistiyveg g?’?{@f"ﬁt*a@aﬁla'k%{’b?fgﬁeﬁ tcOn¥e§1§§z{) Flwgggxf o

i npr ovi ng polymers may Qpfion resen con
0 to 20% w Pourﬂﬂﬁgﬂﬂaaépﬁﬁgs??E}Xﬁﬂﬂ tivyEECray optional |y be present at
concentrations 20 Hﬁaxaﬂeeylmué%w:wnaiﬁbatbadlﬁélC&z@(fedba%e6@' §3in the

lubricating oil co el i]..of eral synt hetic
origin. Base oils ?%gédte ? H(!?r{?;p csf}“pe%s‘;bngwﬁgtrla Elef:&l gg% npt &7
produced by sol vent3%EERAoKi gtBrOEYHbeM§$m°1 hrprocessmg Base 0|Is of
synthetic origin nigamppiecably be m xtures of Cferr] hydrocarbon pol yners,
for exanpl eqq

A Cyg-18-alkylphenol was prepared by alkylating
phenol with a mixture of Cj4.1g-l~alkenes in the presence
of 2% by weight of an acidic zeolite as catalyst.

The autoclave was charged with 18.3 ml l-dodecene,
39.7 g (122 mmol) of the Cjg-1g-alkylphenol, 25 g
15 sulpholane, 0.26 mmol of palladium{II) acetate, 0.66 mmol

BCPP, 0.10 mmol HCl and 1 ml triethylamine. After being
flushed, the autoclave was pressurised with 16.4 bar
carbon monoxide. Next, the reactor was sealed. The
contents of the autoclave were heated to 125 °C and
20 maintained at that temperature for 6 hours. After
cooling, a sample was taken from the contents of the
autoclave and analysed by GLC.
The Cj14-1g-alkylphenyl tridecanocate was formed at
76.2% alkylphenol conversion with 100% selectivity at an
25 average rate of 188 mol/mol.hr.
Example 19 - hexadecylphenyl dodecanoate
In a 0.5 litre 3-necked flask equipped with a Dean and
Stark apparatus were placed 120 g (0.6 mol) dodecanoic
acid, 63.6 g (0.2 mol) hexadecyl phenol and 80 g of
30 xylene. The mixture was heated gently until the
dodecanoic acid had melted. Next 1 g of methanesulphonic
aicd was added and the mixture was neated to reflux
(170°C) while water was removed continuously. After 5
hours a 99% conversion of alkylphenol was reached. Xylene
35 . was removed on a rotary evaporator at 100°C/10 mbar. The



liquid polymers of al pha-olefins. They may al o be conventional esters, for
-exanpl e polyol esters. The base oil nmay also be a m xture of these oils.
Preferably the 30 base oil is that of mneral origin sold by the Roya
Dut ch/ Shel | G oup of Conpani es under the designations "HVI" (trade mark)
or, nost praeyzasses, the synthetic hydrocarbon base oil s seiTEEsyotobe Royal
Dut ch/-Shel | Group of Conpani es under the designation "XHVI" (trade mark).
35 The invention will now be further xgescribed in the VO

97/ 38964 PCP/ EP97/ 01905 - 14 -

fol |l ow ng exanpl eé«cé”s%""%%ﬁ%ca%f{:‘%@;cf enfy i %‘80%9 éut O@ﬁ%%d '%ll}l experinments

were carried out neti ca I rred ve unl ess

ot herwi se i ndi cat%@Poﬂ?éoébBFeW%t@&so%mrunwflhbeT%hﬁ gEMdndnghe

f40I2I (ﬂm ng F) ) 4IBaNphe%o1BEREe F \Ja% er-ll’éHSbE @hpﬁiﬁnam?}wl 8f3m3, 1 or
nonyl ) et ha i S $ ycl Q .1 .0r

4,2, 1]nony|)propanap%%§t°r %igéisf;tlo %Rh%2§| @h¢§ I[ 55édlng 898
=2, 2-di (p- phenyl otf prssgated Ext®dt e 1 (Conparative) The autoclave was
char ged with 20 mx=pleuanol c14/16/18-alkylphenyl octanoate

In a 10 1 round-bottomed glass reactor connected to a

vacuum pump and equipped with a nitrogen gas inlet (50
1/h), a mechanical stirrer, a temperature sensor, a

10 pressure sensor and a Dean and Stark apparatus were placed
3996 g (27.75 mol) of octanocic acid and 3010 g(0.26 mol)
of mixed C14/16/18 alkylphencl. The mixture was stirred
and purged with nitrogen and subsequently 44.31 g (0.46
mol) of methanesulphonic acid was added. The pressure in

15 the reactor was lowered to 85-73 mbar and the contents of
the flask were heated to 164-168°C. After about 6 hours
134 g of water were collected in the Dean and Stark trap.
The nitrogen pressure was raised to 1 bar and the mixture
was continuously purged with nitrogen and allowed to cool

20 to room temperature. The excess of octancic acid was
removed by passing the product twice through a wiped film
evaporator at 150°C, 0.1 mbar. Subseguently, the product
was filtered to give 3914 g (94% yield) of mixed
Cl4/16/18-alkylphenyl octanoate.

25 Example 21 - Cl14/16/18-alkylphenylnonancate

In a 10 1 round-bottomed glass reactor connected to a

vacuum pump and equipped with a nitrogen gas inlet (50
1/hr), a mechanical stirrer, a temperature sensor, a
pressure sensor and a Dean and Stark apparatus were placed

30 4134.7 g {26.13 mol}) of nonanoic acid and 3061.0 g (9.42
mol) of mixed C14/16/18 alkylphenol. The mixture was
stirred and purged with nitrogen and subsequently 46.27 g
(0.48 mol) of methanesulphonic acid was added. The
pressure in the reactor was lowered to 82-77 mbar and the

35 contents of the flask were heated to 166-170°C. After 3




40 m of butyl propanoate (solvent), 0.25 mml of pall a- 15 diun(11)
"acetate, 0.6 nmmol of BCPE, 0.5 mmol of MSA and 5 ml of triethylamne. After
" being flushed, the autoclave was pressurised with carbon nonoxi de and
ethene to a partial pressure of 15 bar and 10 bar respectively. Next.  the
reactor was SWAPE¥I4The contents of the autoclave 20 \AEF@H’&QE%'E to a
tenperature of 125 [err]C and maintained at that tenperature for 2 hours.
After cooling, a sanple was taken fromthe corteants of the autoclave and
anal ysed by Gas Liquid Chronat ography. Ethene was fully converted with 100%

selectivity into 23purs 189t ¥l o PrePa0312 3b12BCANE AU HATR 81 a8Q0s FRHk per
nol e Pd per hour (nnl/qnl i. %gn1l§{ resuL% were found in the presence
of 1 m triethyl anitféP Exg% B e A& ﬁ? Bt LESGRTHIPE SPSRAE g%?)eat ed,
however, in 30 railsedpresiénoer gind) 2% mivkuEe vastduntd neeshpwphoged
converted wi th 100%;3¢ %Ciftw!géb{ afd Q1YW REOREHPAES RiondR eppERGE &t € Of
1200 molfmol N . BRI g ess 0 SXRELLEN o JB5ATRLE L4 ES
repeat ed, however, AYFEPI0E: 97TRBRF no * y
PCT/ EP97/ 01905 - 1%assing the product twice through a wiped film evaporator
at 150°C, 0.1 mbar. Subsequently, the product was rolled
for 1.5 hr with 92 g of basic alumina and filtered to give
4300 g ({95% yield) of mixed C14/16/18 alkyphenyl
10 nonanoate.
Example 22 - C14/16/18-alkylphenyldodecanocate
This was prepared using a procedure analogous to that
of Example 19, from the appropriate starting materials.
Example 23
15 The properties of the products of Examples 17, 18 and
20 to 22 were analysed in respect of i) the kinematic
viscosity at 100 °C (Vk100}; ii) viscosity index (VI}:;
1ii) pour point (PP}; iv) volatility (as measured by
ThermoGravimetric Analysis); v) oxidation stability {as
20 measured by Differential Scanning Calorimetry}; seal
swell; and deposit formation {as measured by the Wolf
Strip Test method). Besides, the products have been
compared with two commercial esters: BISOFLEX TOT,
tradename for a 2-ethylhexyl trimellitate; and PRIOLUBE
25 3933, a tradename for an ester of pentaerythritol and Cs.
g linear acid.
Table 1 shows the physical properties of the
alkylphenol esters of the present invention as compared
to the commercially available products.
30 The Vk100 of an oil is measured under low shear
conditions (gravity). The wviscosity index {(VI} is a
number indicating the effect of change of temperature on
the Vk of an oil. A high VI signifies relatively small
change of Vk with temperature, which is desirable. The
35 Vk100 was determined according to ASTM D 445-94; the VI



t he presence of 2 mmol
.10 g DPP. Ethene was now fully converted with 100% sel ectivity into butyl
propanoate at an average rate of 5 1200 nol / nol . hr. When phenol is
used instead of DPP, an average rate was found of 1200 nol/nol. hr. Exanple
4 The experwomssi Exanple 1 was repeated, however, in 10PCI/EPI7TRINS

presence of 0.25 mol

propanoi ¢ acid instead' of MBA and in the presence of

HCO and 5 g phenol. Ethene was now fully converted

with 100% sel ectivity into butyl propanoate-at2an average rate of 4000
mol / mol . hr. v%en 10 g of phenol were used, the average rate increased to

WAl 2%eEaUStd® accordid t@ngﬁﬁobrEﬂ7dn§6 hr was al so found

8000 nol / nol .

when 10 g of DPP I nst
instead of HO were 4

b

gg O%&&ﬁ%ﬁgzésTﬁgféél Ineth | p gﬁgghonlun1chlor|de

repeat ed, howeverat abich anmmilmwullrﬁL@Mhyhan10@0bﬂdiaEruﬂspeoifpcop@m©4c

acid i nstead of
Et hene was now f

: I 1 henol .
Wfrgggségtee@@e PILIACBARL Bofrr Tlaedilrapid, 1o Pheno

at an average ratReigt bgs been [gferimetoRCRPE AR CQPTﬁmoP £

A)select|V|t Nt o 5 %?ropanoate
hyl am ne

wer e added, the aver apge paldatimor estsadd 1tidy8600tm®| d iyt lomenokxaspees Bvas
evaluated by DSC. DSC measures the differential heat flow

10

15

20

25

30

35

when a sample of 0il in a small pan and an empty pan
{reference) are heated under an oxyden or air atmosphere
in a closed cell. Typically, a 2 mg sample of oil is used
in an open aluminium pan. The measurements were designed
to mimic o0il conditions encountered in automotive engine
lubrication. In temperature programmed (dynamic) experi-
ments, the test temperature was increased linearly from
40 to 350 °C at 20 °C/min. The cell atmosphere was
205 kPa 0Op, and the gas flow rate 60 * 10 ml/min. The
onset of rapid oxidation is marked by a rapidly
increasing exotherm. The extrapolated onset temperature
is defined by the intersection of the tangent at the
steepest part of the increasing exotherm and the baseline
extrapolated from lower temperatures, on a plot of power
versus temperature. For neat fluids, a DSC onset
temperature value above about 220 °C is considered good.

Weight loss up to 262 °C was determined according to
method IP 393/91 from the record of mass loss as a
function of temperature in a suitable ThermoGravimetric
instrument, run at a constant heating rate of 10 °C/min
from 40 to 550 °C under flowing nitrogen. This measure-
ment has been shown (based on a limited correlation
exercise) to provide an indication of the evaporative
loss (= volatility} from an oil held at 250 °C {the
"Noack method™). A low volatility (low volatile loss at
high temperature) is desirable.

Seal swell was evaluated according to test method
IP 278/72. A value of 9, as found for a 80:20 w/w blend



The autocl ave was charged with 20 m 1-oct ene, 15 ni

"N, N-di et hyl -1, 3- propanedi am ne, 40 ml toluene, 0.25 mmol 30 of

pal |l adium(l1) acetate, 0.6 nmol BCPE, 0.5 nmmol MSA, 0.25 mmol NaCl and 10 g
of a-naphthol. After being flushed, the autoclave was pressurised with 20
bar carbon roW@S7/8964 Next . the reactor was seal ed. The cont EFTEPEPINe
autocl ave were heated to 145[err]C and mai ntai ned at that 35

tenperature for 5 hours. After cooling, a sanpl23was WO 97/ 38964

PCT/ EP97/ 01905 - 16 - taken fromthe contents of the autoclave and anal ysed
by GLC. The producbf a(bbrénehtdmmiiiyl aﬁaamhnqum/d@emnabasbdenwaseﬁarr@xﬂ

o r oapond: ool 13 okodfdte Ol Al 14} GRMIELIOMICE o11) OLndUBRIBEIE RS,

correspondl ng to an average rate

repeat ed, however, ifi ?ﬁc?@’Fa"P]@st é%.’dr 8f 1Rber . sgélsﬁd@él F-ﬁemeéﬁt%ﬁlsr%# tthe
autoclave wer e nomméauce wedreated for 1 hour. The product was fornmed with a

. . 0 0 i
[inearity of, 97% whergas a0 ollis gouversiom of, QOluespreashes, T 3,
corrésponds To an average ra 5 ﬁpl
inclined hot plate test, where the lubricant under test
is circulated at 50 ml/min. for a number of hours over a
hot metal test strip, that is 8° declined against the
horizontal. The ester was tested either neat or at 20%
10 w/w in a hydrogen base oil. The weight of deposit
remaining on the test strip is recorded at the end of the

test. A low deposit is desirable.



15 Exanpl e 7 was repeated, however, at 125 [err]C instead of 145
-[err]C. The contents of the autoclave were now heated for 1.5 hours. The
product was now formed with a linearity of 98.5% whereas an olefin
conversion of 80% was reached. This 20 corresponds to an average rate
of 1000 nol wooi738964 Exanpl e 9 The autocl ave was charged wiRGT/ERS7AHE90S
1l-octene, 15 m 2-am noethanol, 40 m -diglynme, 0.25 mmol of palladium (11}

acetate, 0.6 mmol B(Flzg‘,—-ljv—?‘m . pl Nal and 25 5 g of
phenol . After being fxusHed, t he autocl ave was pressurised with 20 bar
car bon nonoxi de. Nextsl tFeargacctaﬁ was, se%e‘é The- contents of the
aut ocl ave were heatediot‘cT 1757 6t rd CRartd nel nbhi ned at that tenperature for
1 hour. After cooli r% a|sanpl e was taken frdmthe 30 contents of the
aut ocl ave and anal y{ by G.C. The product, (R-ethylol)nonananm de, was
formed wth a lineagity ¢f 97% An olefin conversion of 60% was reached,
corresponding to an aﬁe[ﬂage rate of 1500 nol/pol.hr. 35 Exanpl e 10
WD 97/ 38964 2 m o 25 °8 ~ &9 PCT/ EP97/ 01905 - 17 - -
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1, 7-oct adi ene was carbonyl ated at 150 [err]C'and 15 bar COwith 40 m
Jmethanol . The contents of the autoclave were heated for 10 hours. The

product was analysed to find it 5 conposed for 90% of diesters (48%
| i near), produced at an average rate of 40 nol/nol.hr and an octadi ene
conversi on ofWO9889kanpl e 11 The autocl ave was charged wi t FCIEPIO1905
1-octene, 20 g 10 phenol, 40 m toluene, 0.25 nmmol of palladiunm(ll)
acetate, 0.6 nmml BCPP, 0.5 mml MSA, 0.25 mwel2NaCl and 0.2 m
triethylam ne. After being flushed, the autoclave was pressurised with 20
bar carbon nonoxi de. NQXMJ.LthSergﬁﬁéaé;ﬂVa&% %d.-;iaa eendent snpf dhe

autocl ave were 15 d t 1350 Lern]C a ai_ned_at _that
tenperature for 1.%%¥Nﬁﬁ%§ eEBoTThg, tmégetﬁﬁihr??ﬂ%1the
contents of the ammudmae:mdﬁnébys@dvdJySMMﬁmlpwochaatlbhveybylout

nonanoate, v forgiegh Wiyl LNgBhT SvaOfsdlf A geekbincgoyer sl andf 80%

was 20 reach orresponding to an average rate of 1200 nol/nol. hr.
Exanpl e 12 Exanpl #OME 34 1Pef&8ted, however, using LiBr instead of Nadl, at
a tenperature of IERanpare PG Besides, the 25 contents of the autoclave

were heated for 1 hour ~Phenyl WQE* med, i pearity of
83% An ol efin conversi (():P F¥56£ﬁg§%@ﬁeﬁch ,e%%\gfrofragé o“&‘w ég}n@?dor{d;% aver age
rate of 1500 nol/ feiample 22, was tested in a fully formu‘ated 011 for

diesel applications. The alkylphenol ester, at either 30

10 or 60% w/w concentration, was blended with the reference
0il used previously and detergent and ash levels in the
mid rénge of current commercially available diesel engine
oils.

Oxidation stability of the blend containing the

15 alkylphenol ester was tested by comparing the induction
pericds during isothermal Differential Scanning Calori-
metry with blends containing a commercial polyol ester.
The IP was measured at 200 and 210 °C. Long IP's are
preferable. The test results are set out in Table 2.

20 These test résults show that the alkylphenol ester at 30%
concentration shows an oxidation stability benefit over
similarly formulated synthetic base fluids, containing
either polyol esters (PRIOLUBE 3939 and 33870, ex
UNICHEMA}), a trimellitate ester (REOLUBE OTM, ex FMC) or

25 a carbonate ester (AGIP MX2201, ex AGIP Petroli/ENICHEM
AUGUSTA JV) at equivalent concentrations at both 200 and
210 °C. The alkylphenol ester at 60% concentration shows
a twofold increase in induction period compared with the
blend of reference o0il containing the same detergent and

30 ash levels and an appreciable benefit compared with the
commercial carbonate ester,



Exanpl e 13 30 Exanpl e 11 was repeated, however, using Nal instead
+of NaCl, at a tenperature of 125 [err]C. Phenyl nonanoate was now forned
with a linearity of 86% An olefin conversion of 90% was reached, cor-
responding to an average rate of 1200 nol /nol. hr. WO 97/ 38964

PCT/ EP97/ 01W057/38%68 - Exanpl e 14 The autocl ave was char ge@CREP$7A3905|

di cyctopent adi ene (DCPD), 40 m nethanol, 0.25 mmol of palladiun(ll)
acetate, 0.6 nmml BCPE, 0.5 mml MSA, 0.25 Nal, 2 m 5

triethylamne and 5 g of phenol. After being flushed, the autoclave was
pressurised with 20 bar,_gcarbon nonoxi.de. Next. the.reactor eal ed. The
contents of the autoclaeéfﬁggb IbédeoPopi5é°?%”?ﬁ(§é§§ eﬁﬁ?ﬁ?@?%ed at that
tenperature for go—hours—After—cootHng—= Dall):c wasTo otakcu firom
the contents of [HeMRRFEFNAe and anal y88d2BY G mirTheapr dHVct/Wis aal ysed
to be conposed fpyefbdhbrfe @i@sters and|{36% of jgonoest ¢rs (by gole). The

product was fornged. at .10Q% DCPD copver gi on and_.an avejage ra of 15
30 nol /ol . hr. Atﬂ%ffgﬁﬁgﬁ%ﬁﬂPg S?QT%S C, theggiester contem&3
1

30% PRIOLUBE 3939 9 8

30% PRIOLUBE 3970 17 S

30% REOCLUBE OTM 18 9

30% AGIP MX2201 20 ) 10

60% alkylphenol ester 28 14

60% AGIP MX2201 23 9
Example 25

The 60% w/w lubricating oil composition of Example 24
was subjected to a caterpillar micro oxidation test,
which is a laboratory bench text used to predict the

S lubricant deposit-forming tendencies under thin film
conditions. Accordingly, samples are subjected to 230 °C
under air with a set flow rate to oxidize oil and cause
deposit-formation on a pre-weighed metal coupon. Deposits
are then weighed and the accumulation of deposits

10 determines the induction time. An induction period of
275 minutes was found, as compared to 115 minutes for the
reference oil.

Example 26
An MWM-B Diesel Engine test {pursuant test method CEC
15 1L-12-A-76) was conducted to evaluate the 60% w/w lubri-

cating oil composition of Example 24 as crankcase o0il in
respect of piston deposits and ring sticking. The higher
the piston rating, the better the composition's perform-
ance. As may be learned from Table 3, the alkylphenol

20 ester at this concentration dramatically improves the
cleanliness ratings in many piston regions and in
particular the top groove (i.e., groove 1), land 1 and
undercrown as compared with the reference oil.



increased to 70% and the average rate to 100 nol/nol.hr. Exanple 15
'Exanpl e 14 was repeated, however, using 10 g phenol 20 (155 [err] Q).
The diester content increased to 80% and the average rate to 150
nmol / mol . hr. Exanple 16 Exanple 14 was repeated, however, using 10
[ err] - napht hoWOg73864 5_ di met hoxyphenol (155 [err]C). The di é’gg 05
content "in each experinent increased to 84% and the average rate to 200
nmol / nol . hr. Exanpl e 17 A hexadecyl phenol was prepared by al kyl ati ng phenol
wi th 1-hexadecene in the presence of 2% by wei ght of an 30 acidic
zeolite as catalyst. The autoclave was chakggglewgth 11 nml 1-octene, 41.75 ¢
of the hexadecyl phenol, 26 g sul phol ane, 0725 1mol of palladiun(ll)
acetate, 0.6 mmol BCPP,_.0. 5, nnol. VSAT 0. 10 _mbl _HJ . and] L. by m
triethyl amne. 35 fLugr;&f:ta&r’““%e‘?’n’g f lush&8TeFpRCQ Rl ape Bas 3pK¥LBRRRQLY
with WO 97/ 38964 composition PCE&5EPS7/ 0190%
- 19 - 17.7 bar car nexi de. Nextl, the regct{or was peal ed. The contents
of the autocl ave w&?%%ﬁggtgd to 140 [lrr]C aqgﬁaaintainnd at tQé?i

tenperature for 6 HAFPE 1After i
Groove 2 94.9 95.1
Land 2 93.0 89.5
Groove 3 100 98.3
Mean 70.6 76.9
undercrown 65 79
Example 27

Use of high concentrations of polar esters in
lubricants may cause problems of compatibility with
elastomer sealing materials. The acrylate seal

5 compatibility of the phenolic ester of Example 21 was
tested according to test method CEC-L-39-T-87. The ester
was tested at a concentration of 35% w/w in a
polyalphaclefin-based engine oil containing a typical
additive package, in comparison with corresponding oils

10 where the base fluids was polyalphaolefin alone, or
polyalphaclefin containing 35% w/w of an alternative
commercially available aliphatic ester or diester.
Results are shown in Table la.



cooling, a sanple was taken fromthe contents ‘of the 5 aut ocl ave and
-anal ysed by G.C. Hexadecyl phenyl nonanoate was forned at 61.5%

hexadecyl phenol conversion with 100% sel ectivity at an average rate of 187
nmol / mol . hr. Exanple 18 10 A ([ err]-al kyl phenol was prepared by

al kyl ati ng pwemsabsssath a m xture of CJerr]-1-al kenes in thecyrrennges of 2%
by weight of an acidic zeolite as catalyst. The autoclave was charged with
18.3 m 1-dodecene, 39.7 g (122 mmol) of-t8e-Cl err]-al kyl phenol, 25 g 15

sul phol ane, 0.26 mml of—patt+athurtti)tacetate, 0.66 mol BCPP, 0.10 anol
HCl and 1 m triethylanjng. Afiter jbefng f}ushed, the autoclave was
pressurised with 16.4 bpr cgc}on nonbxifde} Next, the reactor was seal ed.
The contents of the autpclla eljwers ﬁ=%_te}d to 125 [err]C and 20
mai nt ai ned at that térrperatmu& for Gicur 5. After cooling, a sanple was
taken fromthe contedts| of YHa autjoclave and anal ysed by G.C. The
(err]-al kyl phenyl tg decano&l|e s torimed atu76 2% al kyl phenol conversion
with 100% sel ect|V|t5n al 4m =23 rape rate of 188 nol /nol . hr. Exanple
19 - hexadecyl phenyl «dogegandyte Ijn & 4. 5{1ithe 3-necked flask equi pped
with a Dean and Star® apparatiis wgrg pijaced 120 g (0.6 nol) dodecanoic
acid, 63.6 g (0.2 nok) hejadeéfyl SHhenel| ahd 89 g of 30 xyl ene. The
m xture was heated géht|y juntg{l the M p=t
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dodecanoi ¢ acid had nelted. Next 1 g of methanesul phonic ai cd was added and
.the mxture was heated to reflux (170[err]C) while water was renoved
continuously. After 5 hours a 99% conversi on of al kyl phenol was reached.
Xyl ene 35 was renoved on a rotary evaporator at 100[err] C/ 10 nbar.
The WO 97/ B¥yypased FROWERSY/91905 905 -
20 - excess dodecanoic acid was renoved on a w ped fil m evaporator at
120[err] C/ 0. 02 nbar, while the remaining al kyl phgnal ester was purified by
a final wiped filmevaporator distillation at 220[err]C/ 0.01 nbar, yielding
89% 5 of isol ated, 8Jg Exanple 20 - Cl14/16/18-al kyl phenyl octanoate
In a 10 1 round- bottonéggéfas reactor connected to a vacuum punp and
equi pped with a nitrogdhtiyds Phsret ¢skeny mimidagesnakbest of iforewmlagI but
t enperature sensor,wstH(a smallpresikye §Mﬁ§ﬂﬂtu@ﬂd arDena 3&1&&% , were

an

apparatus were plac 7 f 0O |c aci 0. 26
mF))IO) ,of m xed C5)4/ 1%%%?%%%’( éeﬁ%?bgﬁ)%iato L?]) vvig ST et ﬁt&’ 8&%
with nitroger and §Hﬁ§§ﬁﬁ§%¥PF @4333135(5748Khﬂﬁ) ahd rekérbin deineptasiicc aC|d
was added. The pressis@sitylat 100°¢h€VIEeHI(I)OFV1\é%§shQ {16dkst 0(\89-, 73o0bar

and the contents of éfﬁ*flﬁ§|ﬁwﬁrgaf? o 4a%88 err%ge fﬁter about 6

hours 134 g of wat €7 Wer e ecte
Details and results are glven in Table 4, below, in which

R; and Ry in the formula II are alkyl groups having the

10 specified number of carbon atoms.
Ry o
il
OCR» (II)
Table 4
Compound Ry Ry VK100 (cSt) vI PP TGA
A 8 8 2.84 82 -57 30.5
B 8 18 5.7% 153 +18 1.8
15 It can be seen that unsuitable viscosity, VI, and

volatility are given where R; and R» each have 8 carbon
atoms. Increasing the number of carbon atoms in alkyl
group Ry improves the viscosity, VI and volatility
favourably but increases the pour point to an

20 unsatisfactory level.

From Table 1 hereinbefore, it can be seen that all
the compounds of the formula I exemplified show in
comparison a very desirable combination of low
volatility, low viscosity, and low pour point with a high

25 VI.



The nitrogen pressure was raised to 1 bar and the m xture was continuously

—purged with nitrogen and allowed to cool 20 to roomtenperature. The
excess of octanoic acid was renoved by passing the product tw ce through a
wi ped filmevaporator at 150[err]C, 0.1 nbar. Subsequently, the product was
filtered towgpommsa?1l4 g (94% yield) of m xed Cl4/ 16/ 18- al knaTatreTIg90s

octaneate. 25 Exanpl e 21 - CI4/ 16/ 18- al kyl phenyl nonanoate In a 10 1
round- bott oned gl ass This@hdeOHas had to a vaguum punp and equi pped with a
nitrogen gas inlet (50 anical stirrer, a tenperature sensor, a
pressure sensor and a m&m& H apparatus were placed 30 4134.7 ¢
(26.13 nol) of nonanoi ¢ aci 1.0 g (9.42 nol) of m xed Cl4/16/ 18

al kyl phenol . The m xture was stirred and purged with nitrogen and

subsequently 46.27 g (0.48 nol) of net hAnesulbib@® ¢ acid was added. The
pressure in the reactor was |lowered to 82-77 nbar and the 35 contents

of the flask were heqﬁed to 16 178L %éé 97/ 38
PCT/ EP97/ 01905 - 21 -AHOISST5398 5PCua r\‘/éésat(}(s)lnl 8&8\5&(%“—‘%@ an and -
Stark trap. Afterunbatir8tdrbpompoadsi by orear pirass Shegenfiswi g sedbiom 1 bar
and the mixture Wasp6RNGd NURHSY YoRUbGeEnW I tHd pRE8BnaRdAl 4 avad ity tcool
to roomtenperaturystem obtainable by combining {a) a source of a
5 Group VIII metal cation (b) a phosphine, arsine or
stibine compound acting as a ligand; and (c) a source of
anions, other than halide anions, carried out in the
presence of substoichiometric amounts of a halide anion
and/or -in case of a coreactant other than an aromatic
10 alcohol- in the presence of a phenolic promoter.
2. A process as claimed in claim 1, carried out in the
presence of a chloride or iodide anion.
3. A process as claimed in claim 1 or 2, carried out in
the presence of a halide anion in a molar ratio versus
15 the Group VIII metal cation that is less than 3:1,
preferably less than 1:1.
4. A process as claimed in any one of claims 1 to 3,
carried out in the presence of the phenclic promoter in
an amount up to 40% by weight, preferably of 10 to 20% by
20 weight, based on the total weight of reactants.
5. A process as claimed in any one of claims 1 to 4,
wherein the Group VIII metal is palladium.
6. A process as claimed in any one of claims 1 to 5,
wherein the phosphine, arsine or stibine compound is a
25 bidentate ligand, containing a second atom that
coordinates with the cation, selected from trivalent N,
P, As or Sb atoms.
7. A process as claimed in claim 6, wherein the "
bidentate ligand is a compound of the formula
30 RIR2M1-R-M2R3R4, wherein Ml and M? independently are P,
As or Sb, R represents a bivalent substituted or
unsubstituted bridging group containing from 1 to 5 atoms
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5 overnight. The excess of nonanoic acid was renoved by passing the
S product twice through a wiped filmevaporator at 150[err]C, 0.1 nbar.
Subsequently, the produc M@SeiQl BRAREMeedl. 5 hr with 92 g of ba5| c al um na
and filtered to give 430 f m xed Cl14/16/18 aIk

nonanoat e. EX¥RSTRSISH - mm m henyl dodecanoat e Th¥€T ’%?\:‘épar ed
using a procedure anal ogo anple 19, fromthe appropriate
starting materials. Exanple 23 15 The sgraperties of the products
of Exanples 17, 18 and 20 to 22 were anal ysed in respect of 1) the
Kinematic viscosity acth 1%? P?%r] a}{iﬂ%@ 3 %th—rsgPé' sdh%‘l‘i’éuﬁé’b)or' ')
pour point (PP); iV G avi et

Anal ysis): v) oxi mq%@ftggﬁqi.l@yvq@tz(group W%{éé@@l‘f eh e vWo; ffFéﬁent i al
Sﬁani\;\io ln? gal ori _Ir[Et\FEVJ)encﬁ%@ aﬁéeiirak@flctcﬁ@ﬁ(?sbhdf Q3 nada @ (t@'@emfaasuaeﬂ dy ]
t he tr|p est t Si e . pr.odu av en, conpar Wit
two conmmercial est® \%bnﬁc‘%ﬁ%géLﬁﬁ q‘aﬁﬁjsttrﬂ&lé:%gng }C'%fetbt 2& Q’% gh
trimellitatd and PR dngREvabencies 3939 liakedatie hreo ?

pentaerythritol anﬁl&épﬂr{dlenelyl fearsydid tutabl 8r 1u§émy@cﬂtmeahy$ cal
properties of the a J;’%IP rgyﬁ g sters of the present invention as corrpared
e

to the comrermall Foitict s. 30 The VkI @ of an oil is
measur ed under | ov@-shé’apr@éﬁéﬁil%risli(lgmimy?lamne'fe\/imlnythﬁdbw%l#r}t is
a {substituted) group, represented by R! together with R2

10 is a bivalent cyclic group selected from 1,4-cyclo-

hexylene, 1,4~cyclcheptylene, 1,3-cycloheptylene,

1,2~-cyclooctylene, 1,3-cyclooctylene, 1,4-cyclooctylene,

1,5-cyclooctylene, 2-methyl-1,S5-cyclooctylene,

2, 6-dimethyl-1, 4-cyclooctylene and 2, 6-dimethyl-1, 5~
15 cyclooctylene groups.

9, A process as claimed in claim 6, wherein compo-

nent (b) of the catalyst system is selected from the

[3,3,1) and [4,2,1] isomers of 1,2-P,P’'-bis(9-phospha-

bicyclononyl) ethane, 1,2-P,P'~bis{dimethyl~9-phospha-
20 bicyclononyl)ethane 1, 3-P,P'~bis(9-phospha-

bicyclononyl)propane, and 1,3-P,P'-bis{dimethyl~9-

phosphabicyclononyl}propane.

10. A process as claimed in any one of claims 1 to 9,

wherein the coreactant is an alkylphenol having one or
25 more alkyl groups of up to 30 carbon atoms attached to

the phenol molecule.

11. An alkylphenol ester of the general formula

wherein R' is an alkyl group of from 10 to 30 carbon
30 atoms, n is an integer of 1 to 5, and R" is an alkyl
group of from 1 to 30 carbon atoms.
12. An alkylphenol ester as claimed in claim 11, wherein
R' is an alkyl group of from 12 to 20 carbon atoms.
13. An alkyl phenol ester as claimed in claim 11 or claim
3% 12, wherein R' is an alkyl group having at least 14 carbon

)RR



nunber indicating the effect of change of tenperature on the Vk of an oil.
‘A high VI signifies relatively small change of VK with tenperature, which
is desirable. The 35 Vk100 was determ ned according to ASTM D 445- 94,
t he VI WD 97/ 38964 PCT/ EP97/ 01905 -
22 - was calwobmisssh according to ASTM D 2270-86. The pour por/meeziemesief i ned
at the | owest tenperature at which an oil will flow when cooled at a
specific rate. In crankcase use, a |l ow pour pqint is desirable. Pour 5

poi nt has been determ ned according to ASTMD %¥7-87. The oxi dati on
stability of the al kyl phenol esters was eval uated by DSC. DSC neasures the
differential heata§®iy when a sanple of oil in a small pan and an enpty pan

(reference) are heat eth WNUYLl BReRXY OEStel adi c1ai MBS PNEr#hyl@ne of Elafns

closed cell. Typigcally, he of oil ,is used in open_ al ym ni um
pan. The neasur errléclﬁttsglv\l/e‘v'?eaggg?gﬁe 5 At X ?I IEQMRI g"‘%somg%c&ﬁn?g} ed in
aut onot i ve engi necaisi @EOPSn. I n tenperature progranmed (dynamic) experi-

[rent ]s,C thegg e[st tﬁg@ﬁﬁhuprcﬁ'lpﬁénfﬂcéﬁeﬁeﬁﬁ bnaamégoigs %Fflylane o]f éQ?jiIQ? 350
err at err m n. t nosphere was a Jerr] and the gas
flowrate 60 10 ]]'nll /%4 q.‘*’TH'%e%%érétgo S ?la'pi d oxidation is marked by a

rapi dly increasi rgp-e@s Rdkinpiipeo bxestgiolast cdashedt in empeoaeupé

claims 11 to 15, wherein R' together with R" have from 20
to 40 carbon atoms.

10 17. An alkylphenol ester as claimed in any one of
claims 11 to 16, wherein the number of carbon atoms in R!
is larger than or equal to the number of carbon atoms in

RY.
18. Use of the alkylphenol ester as claimed in any one of
15 claims 11 to 17 as synthetic lubricant.

19. A lubricating oil composition comprising as base

fluid an alkyl phencl ester as claimed in any one of

claims 11 to 17.

20. A lubricating oil composition as claimed in claim 19,
20 wherein the balance of the total base fluid is a base oil

of mineral or synthetic origin.
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IS deflned by the intersection of the tangent at the 20 st eepest part
of the increasing exotherm.and the baseline extrapol ated from | ower
enperatures, on a plot of power versus tenperature. For neat fluids, a DSC
onset tenperature val ue above about 220 [err]C is considered good. Wi ght
|l oss up to 262 [err] C was determ ned according to 25 met hod | P 393/91
fromthe record of mass |loss as a function of _tenperature in a suitable
ThernoGravinmetric instrument, run at a cons?ant heating rate of 10
[err]Cmn from40 to 550 [err]C under flow ng nitrogen. This neasure- nent

has been shown (bhased an m.t ed gorrelation 30 xer rovi de
an indication o% 218§a5§F§FF§ewﬁosscerVBIQP PF%%? FP nga%ogg% % g at
250 [err] C (thein Nuaekpwesbndé)oanlommumyat|bybyeﬁlohmamhabnéebyoss at

high tenperature) |s desirable. Seal swell s ev ted, according to test

medhod 3Bs" V" Bheb3ad58' (37, & sB0arecotne LEaRE PorTarenasocariot LBy

WO 97/ 38964 a phos hine, arsine or stlblne compoundP&ELERG7481905 - 23 -
of a commercially %llable synt hetic bas oil (referred to herei nafter as

the reference O;F?aﬁ d PRAOLE E33§8§rc?s c8BpHPHBr eOtBEE HPRBwArSSHLEFCswel |

is nost desiredokOoahedHsEcWRBhst®ng of halidBeaMébhst Ehprieat oibaggd on

met hod DI N 51394% 'S _an
e presence of substoichiometric amounts of a halide

10 anion and/or - in case of a coreactant other than an
aromatic alcohol - in the presence of a phenolic
prbmoter.

It is believed that the carbonylation reactions
proceed under the influence of an active catalyst system

15 containing one or more Group VIII metal cations,.in
complex coordination with the ligand, the ethylenically
unsaturated compound and the halide anion and/or the
phenolic promoter. '

;he halide anion can be a chloride, bromide, iodide,

20 or fluoride anion. From a commercial point of view,
based on price and availability, the chloride is
preferred. From a technical point of view, based on its
greater promoting effect and the linearity of the
carbonylation products, the iodide anion is preferred.

25 Substoichiometric in this specification means that
less halide anions are presént than required to
neutralise the Group VIII metal cations. Preferably, the
molar ratio of dissociated halide anions versus Group
VIII metal cations is less than 3:1, more preferably

30 less than 2:1, for instance from 0.02:1 to 1l:1, per mdle

of cation, most preferably less than 1:1. The ideal

ratio depends on the liquid medium and may be easily

found by those skilled in the art. Suitable sources of

WE*,\:;EED.SHEEY Ab2005cl.1
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inclined hot plate test, where the .lubricant under test is circulated at 50
m/min. for a nunber of - Rours ovér a hot.netal test strip, that is 8[err]
decl i ned agai nst the hori zental.” The estér was tested either neat or at 20%
10 w w in a hydrogen base oil. 'The wei ght of deposit remaining on the
test strip is recorded at the end of the test. A low deposit is desirable.
WD 97/ 38964
PCT/ EP97/ 01905 - 24 - [err] WO 97/ 3898428 - :
PCT/ EP97/ 01905 It will be apparent to the skilled reader that the
al kyl phenol esters not nlgqexhibit t he desirabl e conbi nati on of |ow

I

viscosity with Fafv Ratide | $rion pinchide kath hydrogeny kabideswel ¢ - and
perform uel | i mahe fer andWi| Sdidcdest afamphe 24 hdsadral kvl pheny!
a y

dodecanoat e, the conmpound of Ekanple 22, Wwas tested In or mul at ed
oil for o esel Hpbtdesu idrE: . THelrheay el s sphomiure| ¢iheyr i3l lanhd or

RbC1, bsCl, CsI, MgI» and CuCl, in particular alkali or

earth alkaline metal halides.

Ab2005c¢t 1



oi | used previously and det-ergent and ash levels in the md range of
current comrercially available dijesel engine oils. Oxidation stability of
the blend containing the 15 "~ al kyl phenol ester was tested by conparing
the induction periods during isothermal Differential Scanning Calori- netry
wi th bl ends containing a comrercial. polyol ester. The I P was neasured at
200 and 210 [err]C. Long IP's are preferable. The test results are set out
in Table 2. 20 These test results showlt kat the al kyl phenol ester at
30[err] concentration shows an oxidation stability benefit over simlarly
fornmul ated synthetic base fluids, containing either polyol esters (PR OLUBE
3939 and 3970, excWNaGHENREREL astdiseﬁbseatenestate(RﬁgL%BEriﬁgkfiﬁGEg$% 3;0
25 a carbo . CAG P MX2201, ex AG P Petroli/EN
at equi val ent cggééﬁgﬁggﬁongrafuﬁ t F°9BBUAAT EEGCFEF?FC. ThePafkPBhenol
ester at 60% cobeent fatnhdnthhowsiagt wbkolgheneleaseer8 hRGHCLASA: PSHLAd
conpared with the blend of reference oil containing the same detergent and
30 ash | evRFSP8HRALE8A apptubriaphretbenbereagoapuiddrwelkyl hehenater ci al
carbonate ester / 4 . _ L
reT pavi ote0g =55e= Y baE gggﬁ 2 andRes carbenggonbataipa Ay psc
substituent surprisingly show significantly better

volatility, VI and pour point properties.
10 Thus, the invention also provides novel alkylphenyl
esters of the general formula
R'nCgH (5-n)0C (=O)R" (1)
wherein R' is an alkyl group of from 10 to 30 carbon

atoms, _preferably an alkyl group having at least 14

15 carbons atoms suitably an alkyl group of from 10 or 12

to 22, preferably from 10 to 20, more preferably from 12
to 20, especially from 14 to 18, carbon atoms, n is an
integer of 1 to 5, typically 1 or 2, and R" is an alkyl
groug of from 1 to 30 carbon atoms, suitably of from 4

- 20 to 22, preferably 6 to 20, more preferably 6 to 15,

especially 8 to 12, carbon atoms with the proviso that

the alkylphencl ester is not 4-tetradecylophenol,

acetate, or hexanoic acid, 4-tetradecylphenyl ester or

hexanoic acid, 3-tetradecylphenyl ester or 3-

25 tetradecylphenol, acetate or acetic acid- 4-

dodecylphenylester. Preferably, n is 1, and R' together

with R" preferably have from 20 to 40 carbon atoms. More
preferably, the number of carbon atoms in R' is equal to
or preferably larger than to the number of carbon atoms
30 in R".
An alkyl group R' or R" may be a straight chain or
branched chain alkyl group. The starting alkylphenol is
suitably prepared by alkylation of the phenol. For

Ab2005¢1.2



v
Conposi tion at -230 [err]Cmn at 210 [err]/m n reference oil

14 8 30% al-kyl phenal ester. 22 _ 12 30%
PRI OLUBE 3939 19 L. : 8 30% PRI O.UBE 3970

17 9 30% REOLUBE OTM 18 9 30%
AG P MX2201 20 10 60% al kyl phenol ester

28 14 60% AG P MX2201 23 9

Exanpl e 25 The 60% w w | ubricating oil c"or?ﬁ@si'ti on of Exanpl e 24 was
subjected to a caterpillar mcro oxidation test, which is a | aboratory
bench text used to predict the 5 | ubri cant deposit-form ng tendencies

under thin fil MmtOMRTEonsleATDY R @PseParemhIRe akkykapiertell @ ehsmrl

[err] C under aiyfi i tdh aaBsta fdOW Al 40 Odize Oid. and; G2USE 2 a1pha
deposit-formati on on a pre-wei ghed netal coupon. Deposits are tahen el ghed
and the atcunulat§oin dtaveppsiian 11 to l{qarhamextane. iHouotdwl time. An

i nduction peri Qg 18f1 Afendi ML LS Was, d m nutes for
the reference oi Ig ég_npl e 26 AN NV\K%%L%%%% ‘En& ne&?esrt?r( rsuant test
met hod CEC 15 estenificating), o cortucteat ttiorevad udte aliey1G0%naw | ubri -
cating oil conpasiyi 0 J!.:B@wal' : qgk_g:_?? (1. 1n respect, of. pi ston
deposits and ri n;t{itl C i%\ag. e Jﬁci %el?dsﬁi% p1’s Osﬁ:o%la Jl‘Arﬁg,a(flhd; ngﬁre]r&)et he
conposition's petfaynmwentional procedures, eg preferably at reflux, in

10 an organic solvent, if necessary, and using an acid

catalyst, for example methane sulphonic acid.

The invention further provides the use of the

Ab2005¢cl.2



ance. As may be |earned from Table 3, the al kyl phenol 20 ~ester at this
concentration dramati.cal lL.ylinproves the cl-eanliness ratings in many piston
‘regions and in particular the top_groove (i.e. roove 1), land 1 and

undercrown as conpared with the ref 1 Replatedy\ny 97/ 38964

PCT/ EP97/ 01905 - 27 - Table 3 Lubr " II" ll reference oil 60
al kyl phenol conposition ester Goove 1
0.7 16 Land 1 64. 3 TS 0287 PCT
81.5 G oove 2 94. 9 95.1 Land 2

93.0 89. oyen3

o0 2 \ean R 7 8%¢€p ED. CLATIMS] §g8915ﬁ%grcromn

65 79 Exanple 27 Use of high concentrations of polar

esters in | ubricants preyessuserptobl eaxbohytatpani bifl ethydehlcalagt omer

e o AoSp SRR AL, EY. 19 opge SRR LB, LiguRhenl e

ester was testednaikigecandent catreantaht35i% whe pRedence of a catalyst
system obtainable by combining {a) a source of a

5 Group VIII metal cation (b) a phosphine, arsine or
stibine compound acting as a ligand; and (c) a source of
anions, other than a source of anions consisting of
halide anions, characterised in that the process is
carried out in the presence of substoichiometric amounts

10 of a halide anion and/or -in case of a coreactant other
than an aromatic alcohol- in the presence of a phenolic
promoter.

11. An alkylphenol ester of the general formula
R'nCgH (5-n) OC(=O)R" (I)

15 wherein R' is an alkyl group of from 10 to 30 carbon
atoméi n is an integer of 1 to 5, and R" is an alkyl
group of from 1 to 30 carbon atoms with the proviso_that.
the alkylphenol ester is not 4-tetradecylphenol,
acetate, or hexanoic acid, 4-tetradecylphenyl ester or

20 hexanoic acid, 3-tetradecylphenyl ester or 3-
tetradecylphenol, acetate or acetic acid- 4-
dodecylphenylester.

12. An alkylphenol ester as claimed in claim 11, wherein
R' is an alkyl group of from 12 to 20 carbon atoms.

25 13. An alkyl phenol ester as claimed in claim 11 or
claim 12, wherein R' is an alkyl group having at least.’
14 carbon atoms.

14. An alkyl phenol ester as claimed in any one of
claims 11 to 13, wherein R" is an alkyl group of from 4

30 tc 22 carbon atoms.
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8
pol yal phaol ef i n-based engi ne oil, containing a typical additive package, in
conmpari son with correspondiing oi s 10Th135heetwaﬂl ﬁ&ase fluids was

pol yal phaol efin al one, or polyalphaole 35% w/ w of an
alternative commercially avail able ali diester. Results are
shown in Table |a. WD 97/ 38964

PCT/ EP97/ 01905 -28 - [err] WO 97/ 38964

PCT/ EP97/0190515 . 28n- aExgmph@naﬁ Akkyl pbepphigelieis shii bae b8 Ehgsgsof
formula | but with a ? | er alké subitltuent of the phenyl ring, were
prepared by a tarbSny atWBﬁrEFBc s$Sahal ogous to that 5 described in

Exanpl es 17 anﬂ618AnaQQk§MQhén51négﬁék0a¥'§§9§méa &h 3Q0[ 8re] & (Vk 100)
viscosity index_(Vl) our 20|nt (PP) and volatility g wer e

i nvesti gated. PeeaMPslangor §uIW§eéﬁénngeH°9ﬁt¢aﬁlEl h Bel Bawei AXaMi ch

Rlerr] apd R2 by tBeghorgvban! krahs. al kyl groups haV|ng the 10
speci fi ed nunber of carbon atons.
17. An alkylphenol ester as claimed in any one of

claims 11 to 16, wherein the number of carbon atoms in
R' is larger than or equal to the number of carbon atoms
in R".

10 18. Use of an alkylphenol ester as synthetic lubricant,
which alkylphenol ester is of the general formula
R'nCgH (5-n)OC (=0} R" (L)

wherein R' is an alkyl group of from 10 to 30 carbon
atoms, n is an integer of 1 to 5, and R" is an alkyl
15 group of fiom 1 to 30 carbon atoms.
19. A lubricating oil composition comprising as base
fluid an alkyl phenol ester of the general formula
R'nCgH [5-1)0C (=0} R" (1)
wheréln R' is an alkyl group of from 10 to 30 carbon
20 atoms, n is an integer of 1 to 5, and R" is an alkyl
group of from 1 to 30 carbon atoms.
20. A lubricating oil composition as claimed in claim
19, wherein the balance of the total base fluid is a
base o0il of mineral or synthetic origin.
25
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[err] Table 4 Conpound Rlerr] Rlerr] Vk100 (cSt) VREPLACPRENT SHERT A
8 8 . . 2.84 82 -57 30.5 B 8 18 5.75
153 +18 |. 8 15 It can be seen that unsuitable viscosity,
VI, and volatility are given where Rlerf§ and R2 each have 8 carbon atons.
I ncreasing the nunber of carbon atonms in alkyl group R2 inproves the
viscosify, VI and volatility favourabl P é I ncreases the pour point to an
20 unsati sfactory level. From Ta herei nbefore, it can be seen
that all the conpounds of the forrmula | exenplified show in conga[lson a

: : . o : : W Dour
e HES b SrP Bty 28 ine WhdpPlation o ShIGHARNLY uitaturated

CLAIMG 1. A pesmmamdsOibyt heektiibanydnabsr fitBt R¥k-85H CabhYx s alyg at ed
conpounds by reaction thereof w th carbon nonoxi de and a coreactant in the

presence of a c%&%ﬂiﬁﬁ?HEy%PeﬁPSbPE?$&RﬂﬁaQﬁ)a catalygt csusten mepYadpaklsour ce
of a Gup VI |bpeicioiedhyof) Q) s@ui?@é’sﬂ“a,n%roﬁfas\?#]ﬁ HerSt | SL0GL QPHOYNd
acting as a ligand; and (c) a source of anions, other than a source o
ani ons phosphine, arsine or stibine compound acting as a ligand;
and (c) a source of anions, other than a source of anions
consisting of halide anions, characterised in that the
process is carried out in the presence of substoichiometric
15 amounts of a halide anion and/or - in case of a coreactant
other than an aromatic alcohol - in the presence of a

phenolic promoter.

2. A process as claimed in claim 1, carried out in the presence
20 of a chloride or iodide anion.
3. A process as claimed in claim 1 or 2, carried out in the

presence of a halide anion in a molar ratio versus the Group
VIII metal cation that is less than 3:1, preferably 1less
25 than 1:1.

4. A process as claimed in any one of claims 1 to 3, carried
out in the presence of the phenolic promoter in an amount up
to 40% by weight, preferably of 10 to 20% by weight, based

30 on the total weight of reactants.

5. A process as claimed in any one of claims 1 to 4, wherein

the Group VIII metal is palladium.

35 6. A process as claimed in any one of claims 1 to 5, wherein

the phosphine, arsine or stibine compound is a bidentate
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' éonéi sting ‘of halide anions, characterised in that the proc@sp K 2 I
out in the preesence of substoichionetric 15 anount s of a%gﬁ}&g% '(rn
e

and/or - in case of a coreactant other than an aromatic al cohol -
presence of a phenolic pronoter. 2.  Alprocess as clained in claim1,
carried out in the presence 20 of a chloride or iodide anion. 3. A

process as cl ait in claiml or 2 carried o i_.n the presence, of hal i de
ani on |§n a nol %?Igag% i0° é}-‘r‘—‘l Ga"¢hd ?S?Fbé Vati #é}aﬁl c(?gﬂigﬂa‘ﬁ‘ﬁatw‘itg‘ I t han
3:1, preferabl gatfss, Felected fidiamrivdlent N, B, PAOCRSSHAGEEMa] MEd in any

one of clainms 1 to 3, carried out in the presence of the phenolic pronoter
I n an anmount up to 40% by weight, preferably of 10 to 20% by wei ght, based

30 70N the grfcabsWaidhtl Hfmdeath aRliSim56, whdHeQBESEhASHEIAUYRE i N
any one of clainms 1 to 4, wherein the Goup VIIl npetal is palladium 35 6.
A process as clig3RA fish 2aRgmReHRGD PLcERe nkermuls BIRMh&r¥iRRt hahsKHesp e,

arsingoor stibhpg pMPOAHMbendeAt dGREALE, ag3loP sb, R |re@2Bent®niai ni ng
a second atomthat coordinates with the cation, selected fromtrivalent N,

P, As or Sb atbBisalent qubhgttessd aorc| amslistitetes mbridgiagei rondwe
e 1 U SUREIBRCh g U8 (R chp prfase, % ama
together are a substituted or unsubstituted bivalent group

whereby the two free valencies are linked to M', and R® and

15 R* together are a substituted or unsubstituted group whereby

the two free valencies are 1linked to M? or R?® and R*

independently are substituted or unsubstituted hydrocarbyl

groups.

20 8. A process as claimed in claim 7, wherein the bivalent
{substituted) group, represented by R together with R® is a
bivalent cyclic group selected from 1,4-cyclohexylene, 1,4-
cycloheptylene, 1,3-cycloheptylene, 1,2-cyclooctylene, 1,3-
cyclooctylene, 1,4-cyclooctylene, 1l,5-cyclooctylene, 2-

25 methyl-1,5-cyclooctylene, 2,6-dimethyl-1,4-cyclooctylene and
2,6-dimethyl~1,5-cyclooctylene groups.

9. A process ag claimed in claim 6, wherein component (b) of

the catalyst system is selected from the [3,3,1] and [4,2,1]

30 isomers of 1,2-P,P’-bis(9-phospha-bicyclonyl)ethane, 1,2-

P, P’ -bis{dimethyl-9-phospha-bicyclononyl)ethane, 1,3-P,P’-

bis {9-phosphabicyclonyl)}propane and 1,3-P,P’-bis{dimethyl-9-
phosphabicyclonyl) propane.

33 10. A process as claimed in any one of claims 1 to 9, wherein

the coreactant is an alkylphenol having one or more alkyl

L



10 . and M2 independently are P, As or Sb, R @@r@ me SHEET

bi val ent , substituted or wunsubstituted bridging groug %sal nin from
1 to5 atoms in the bridge, Rerr] and Rlerr] together are wHHt ¢8d%t ed
or unsubstituted bival ent group whereby?the two free val encies are |inked
to Merr], and R err] and 15 Rlerr] together are a substituted or

unsubsgi t ut ed grollljlig) wh rg%y the3gwo fﬁee val enci es e.linked to M or
Rlerr]”and R ePrf %d8ge ent? y38r £35088 ¢ AEGPRJ aGFaGhedinsPi (e gohenol
hydr ocar byl greaopscuizd 8. A process as claimed in claim 7, wherein

t he bival ent (substituted) group, represented by R err] together with R2 is
a bivalent cyclic group selected from1, 4-cycl ohexyl ene, 1, 4-

cycl ohept yhenean d118mseboheptas @2 ehe loedieint! e9etyiL£ne, 1, 3-
cycl ooctyl ene, 1, 4-gcl ooctyl ene, 1, 5-cycl ooct yl ene, 2- 25
net hyl - 1, 5- cycl ooct {f €80 = Rét hyl - 1IX- cycl ooct yl ene and

2, 6-digret hyl - 1 Ba Gl OCtiyl aRe, Ok - of & ' in.claim
6, wherein con;):o?lent (b) of th% c%%]a yg? gyste%ﬁiofs?@?%l g?t gh%?%?ﬁtj’tﬂnes'
[3,3,1] and [41,.'12:,'@]a13(;'tnteger of sorer &, afid R” is an alkyl group of from
1, 2-P, P -bi s(94phaspha:bj | QI .han -
P, P' - bi s(di net %yng?EhSQ%%fm cyg% g’%gﬁy%‘%t%’é‘%&“ thJa.,t3-t b?Pa-lkylphend
bi s(9- phosphabksyet oty INqir dpaeeradecyllpheRoP, - icst{atieneblry heRanoic acid,
phosphabi cycl ony ropane.. 35 10. A _process _as clainmed in any, one of clains
1to 9, wherein %%tgracdg?r%ggg{lﬁrﬂl is gﬁg?ﬂf ky!l fHenol Lﬁ’é?ﬁ‘f‘?‘é’ one%?‘g'rmre:”él kyl

15 tetradecylphenyl ester or 3-tetradecylphenol, acetate or

acetic acid- 4- dodecylphenylester.

12. An alkylphenol ester as claimed in claim 11, wherein R’ is
an alkyl group of from 12 to 20 carbon atoms.
20
13. BAn alkyl phenol ester as claimed in claim 11 or claim 12,
wherein R’ is an alkyl group having at least 14 carbon

atoms.

25 14. An alkyl phenol ester as claimed in any one of claims 11 to
13, wherein R” is an alkyl group of from 4 to 22 carbon

atoms.

15. An alkylphenol ester as claimed in any ome of claims 11 to

30 14, wherein n is 1.

16. An alkylphenol ester as claimed in any one of c¢laims 11 to
15, wherein R’ together with R” have from 20 to 40 carbon
atoms.

35
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‘325 . ' groups of up to 30 carbon atoms attached to tREPLAGEMENT SHEET
nol ecul e.. 11* An al kyphenol ester of the general fornula 2

R[err]Cerr]Herr]CC (=O R (1) 10 wherein R is a aI%I @oup

of from10 to 30 carbon atoms, n is an3¥nteger of 1 to 5, and R' is an

aI kyl group of froml to 30 carbon atoms with the prow so t hat the

al kyl phen t 4: tet adec enol,, .acetate, h Xgnoi c aC| d,
4-tet r%degtl ik 1 2‘&“ ¢ Sl cﬁ@?ﬁ‘ﬁgl o an)éc‘?%e aips 1
t et radecyl phenyds ﬂséx%rlnothe%ﬁtﬁfd’xadﬁCy:h?B&ﬂC&tomsaciﬁt ft i Olarfed! ithadCi d-
4- dodecyl phenyl est er An al kyI hengl ester as clainmed in claim11l,
wherein R is é 19ReTBtemS dh Rit ons. 20 13.  An

al kyl phenol ester as clal med in clalmll or claim12, wherein R is an

al kyl groug having at |east 14 carbon atoms. 25 14. An al kyl phenol ester
as clainmetin 98y Bhe3Bf adkuiphenrl aFte3, aghavarheRic | Jubriaanky| Whichp of

fromfyto 22 cang%xehemsesééf 1sAafa£ﬂfylg%e99i EOhRI1a2S claimed in any one

of clainms 11 to erein ns 1. . An al kyl phenol ester as
clained in any one Bf:Cell@int®E (EQ)RD 15, wher eKIl) R' together with R' have

from20 to 40 &ﬁﬁiﬁ%ﬁ,%?oqﬁ a§ alkyl group of from 10 to 30 carbon atoms,

n is an integer of 1 to 5, and R” is an alkyl group of from

1l to 30 carbon atoms.

15
19. A lubricating oil composition comprising as base fluid an
alkyl phenol ester of the general formula
R’ ,CeH 5.0, OC (=O) R* (1)
wherein R’ is an alkyl group of from 10 to 30 carbon atoms,
20 n is an integer of 1 to 5, and R” is an alkyl group of from
1 to 30 carbon atoms.
20. A lubricating oil composition as claimed in claim 19,
wherein the balance of the total base fluid is a base oil of
25 mineral or synthetic origin.
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33 5 17. An al kyl phenol ester as clained in a“ﬁy one of clains 11 to 16,4
:mherein the nunber of carbon atons in R is larger than or equal to thepep<dAnnes
nunber of carbon atoms in R' . 18. Use of an al kyl phenol ester as
synthetic lubricant, which 10 al kyl phenol ester is of thges

formula R [err] Herr]OC (=0 R |) wherein R is § “ kyl

group of from 1(()1'?6 0 car bonw%%mgﬁ’é‘ﬁﬁ'ﬁgww 1to 54@¥d R is

an al kyl 9nesRimoiAAdrriearon GHEPRMER Gfifiw Tl #2rentbodRATRIN Y per

£ or 1l & (& e Epie Fpmbondt ) R (A1) ftojmatiohid PefientioR Nuklgr a1 9738064

of fromn 10 GOFCHH3E, L9087 6924 CI0M 0534 | Al (&ﬂhﬁr&? %%ﬁ%&rﬂ Ingf 1} Reiher 1%9}3%-97)
at QR |

is an alkyl group of from1 to 30 cadbon ubri cating

) g A B B E e
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