WD 2004/ 041766 PCT1US2003/ 033498 METHOD FOR THE ALKYLATI ON OF SALI CYLIC
ACID 5 BACKGROUND OF THE INVENTION 1. Field of the Invention The present
invention relates to the alkylation of salicylic acid with | ong-chain

ol efins. These alkylated salicylic acids can be overbased to form useful

| ubricating oil additives. 10 2. Description of Related Art It is known to
use alkaline earth netal salts of organic carboxylic acids as additives for
| ubricating oi W&BWAMIBI66i ons. These salts have a di sper satCTHSWPEX8t hat
hel ps ensure that the insides of engine cylinders remain clean and that
deposition of carbonaceous products on pistons and in piston grooves is
counteracted, thus preventing piston-rin stickiqg. 15 1t is also known to
prepare basic (or overMEIEOD HORTHEA ATHGNOF SALIGYBIC AGER acids. The
over basi ng provi des an al kali ne reserve which, when applied in lubricating
oil conmpositions, reacts wth and neutralizes acidic conmpounds forned
during the operation of the engine in which the conposition is applied.
Hence, any sludge that may arise is dispersed ow ng to the dispersant
property sof the salt, while acids that woul d enhance sludge formation 20

are neutralized. Overbased sagACK@EiEEN® OF MHRPENCENPIONVEr basi ng t he
correspondi ng al kylated salicylic acids. The alkyl group is typically a

I ong chain al kyl ofiouRsafe MV&RLG" than about 14 carbon atons so as to
impart oil solubility. Kyl ated salicylic acids are conventionally prepared

b e o g B P Y OB LA ST Bl iy o
the alkylat edTl?easle ialﬁydgtle(i'l galigﬁiic(ajtéidsl cr;m%g g\i/etr. 04 tto(%o;[mhgseﬁ)?'lubricating oil additives.
10 2. Description of Related Art
It is known to use alkaline earth metal salts of organic carboxylic acids as additives for
lubricating oil compositions. These salts have a dispersant property that helps ensure that the
insides of engine cylinders remain clean and that deposition of carbonaceous products on
pistons and in piston grooves is counteracted, thus preventing piston-ring sticking.
15 It is also known to prepare basic (or overbased) alkaline earth metal salts of such acids.
The overbasing provides an alkaline reserve which, when applied in lubricating oil
compositions, reacts with and neutralizes acidic compounds formed during the operation of
the engine in which the composition is applied. Hence, any sludge that may arise is dispersed
owing to the dispersant property of the salt, while acids that would enhance sludge formation
20 are neutralized.
Overbased salicylates are prepared by overbasing the corresponding alkylated salicylic
acids. The alkyl group is typically a long chain alkyl group of greater than about 14 carbon
atoms so as to impart oil solubility. Alkylated salicylic acids are conventionally prepared by

the alkylation of a phenol to form an alkylphenol followed by carboxylation of the alkylphenol

25 by the Kolbe-Schmitt reaction to provide the alkylated salicyclic acid. In addition to the



WO 2004/ 041766 PCT/ US2003/ 033498 adverse econom cs attributable to the use
of high tenperatures and/or pressures, the Kol be- Schmtt route to al kyl at ed
salicylic acids suffers fromthe problemthat, when substantially |inear

al kyl ati on feeds are enployed, not all of the |ong-chain al kyl phenol is
readily carboxylated. Specifically, conventional alkylation of phenol wth

a substantially_|inear al kyl ati on feed provides for apprqgx 50: 50
m xture of ort h%’pﬁ%@llgg(’enol and para- al kyl phenol. Wile ?Eg[ﬁ%%)l% /%3-3%ghm' tt

reaction readily carboxylates the resulting |ong chain para-alkyl phenol,
the resulting I ong chain ortho-al kyl phenol is |less reactive and only about
70 percent of total amount of the al kyl phenol derived froma substantially
li near al kyl at #dygrse peaagmics atirhyiable|tp the s ofdvahdempesatiner gndigragessues tglatbeaci d
during this reaction. 10 One .nethod of circunventing this problemis to

al kyl ate an al &shimits aduitetpl abitylatedesalipylic acive sufiers fomb the prabies) thathwherhswhstaniblliect t he
resulting alkylated al kyl salicylate to hydrolysis so as to provide for the
al kyl at ed sal i lnght akydetion feelieirb edployd, @dt kkly bfthé lngg-ahduydlkywpiienalyid @hdily ar e
disclosed in U S Patent No. 5,434,293. DD A-269 619 and DD- A-293 108 both

di scl ose the diarigsdlatet kgpaifically, ednvedibhat YikiigtioA® ghendbwith & bubstant@ligfihear usi ng an
aci dic ion exchange resin or polyphosphoric acid respectively as catalyst.

Bot h docunent s;ikRafkh i Providas fdt aFprekimatdlyfab0is0 nfgihf Adrtho-aRYyIBhehdE anlipRraPr i OF
art processes not involving alkylation of the acid with an olefin) is

undesi rabl e be it J : [ 1 ens
and side r eact%@fé H%Ev@g% t%gg}{%-%gﬁ%?eég&%ﬁgﬁgge&g@ lgtr%%: géésg%hgclbflg%g%rl t he

catalyst. 20 U S, t ent . 1..99 0. di scl as t he .condensat i Q f
S Tyl e o0 pa-pSRERLL B8 rochie fond Bt G ASER el ol & SO PRERR 3N Bl Bawe
carbon atons,

cycl ohexyl -, o?d %%Mﬁng?ﬁgtgf%%%?fﬁ&?@%%‘g@ifg‘?{{?’gé glf’ %Q‘gﬁﬁsﬁ%ﬁﬁ@%&r&l@ﬁﬁ& B
feed is typically converted to alkylated salicylic acid during this reaction.

10 One method of circumventing this problem is to alkylate an alkyl salicylate (e.g.,
methyl salicylate) and then subject the resulting alkylated alkyl salicylate to hydrolysis so as to
provide for the alkylated salicylic acid. Methods of alkylating alkyl salicylates are disclosed in
U.S. Patent No. 5,434,293,

DD-A-269 619 and DD-A-293 108 both disclose the direct alkylation of salicylic acid

15 with an olefin using an acidic ion exchange resin or polyphosphoric acid respectively as
catalyst. Both documents teach that the use of sulfuric acid as a catalyst (in prior art
processes not involving alkylation of the acid with an olefin) is undesirable because it has many
disadvantages, such as corrosion problems and side reactions.

DE 689 600 discloses the use of perchloric acid as the catalyst.

20 U.S. Patent No. 1,998,750 discloses the condensation of salicylic acid with any

nonarométic monohydric alcohol having from S to 7 carbon atoms, or with compounds

capable of furnishing an amyl-, hexyl-, cyclohexyl-, or heptyl- group, in the presence of

sulfuric acid.



2 WD 2004/ 041766 PCT/ US2003/033495 U. S, Patent No. 4,810,398 discloses a
basic al kaline earth netal salt of a blend of organic carboxylic acids is
prepared by (a) preparing a m xture of one equivalent of the blend of
organi ¢ carboxylic acids and nore than one equival ent of an alkaline earth
metal hydroxide and/or oxide in a hydrocarbon solvent; (b) introducing

car bon di oxi de &8594%?36 i xture 5 obtained in an anount OfPa*mgﬁ?ﬁE&B 5
equi val ent carbon arox e per equival ent of excess al kaliné ear ne?al;
and (c) renoving residual solids, if any, and an aqueous |ayer, if any,
wher eby the bl end of organic carboxylic acids conprises a Ce. 30 al kyl
salicylic acid and_one or _nore al kanecarboxylic acids in which the alkyl
noi ety i s branched UahdateatNe b0 98 disalpses a pasisrplkalipespgth mstpd paltof a blepd phs

di spersant properties and is said to be suitable for use in lubricating oi
10 and fuel comganisiqaibondic atidsis preprisdby (4 prepargg 9 nggwredif oo¢ emievslent qtheddend f or
the preparation of a basic alkaline earth netal salt of a blend of organic
car boxyl i ¢ acidsrgankicarhoxylinperidsamd n{oa) thpr @paquinaent of an alitalineecath netaghydroxide
equi val ent. of the blend of organic carboxylic acids and nore than one

equi val ent of aad/oabkdd inAdyéacirbornstvalt; (by titrodiicihg cambdh dibxid in€tethe mixdure

hydr ocar bon sol vent; (b) 15 introduci ng carbon dioxide into the m xture

obt ai ned kn arpbaifed i antimcdht éf@ fehst 0.5%qGidIANN 4B dioidd o0 Buiialont cfexRBE

equi val ent of excess alkaline earth netal; and (c) renoving residual solids,

if any, and an;aGHaoHE nledY.ahd (d) rertRihe QRAIGBNGSE 1|?§nyt,’ %M aﬂfleogg Aga € any,

carboxylic acids conprises an’oil-soluble alkyl salicyli'c acid and one or
R T B e L U R R
5000. 3 WO Zooléérggﬂiﬁsegarg&-ry éJ %%é)souzl)’ (Vgééﬁl%?ﬂkyl moiety is branched and has from 4 to 40 carbon

atoms. Such a salt has dispersant properties and is said to be suitable for use in lubricating oil

10 and fuel compositions.

U.S. Patent No. 4,869,837 discloses a process for the preparation of a basic alkaline
earth metal salt of a blend of organic carboxylic acids, which comprises (a) preparing a
‘mixture of one equivalent of the blend of organic carboxylic acids and more than one
equivalent of an alkaline earth metal hydroxide and/or oxide in a hydrocarbon solvent; (b)

15 introducing carbon dioxide into the mixture obtained in an amount of at least 0.5 equivalent
carbon dioxide per equivalent of excess alkaline earth metal; and (c) removing residual solids,
if any, and an aqueous layer, if any, whereby the blend of organic carboxylic acids comprises
an oil-soluble alkyl salicylic acid and one or more hydrocarbon substituted succinic acids or

anhydrides, in which the hydrocarbon radical has a number average molecular weight from

20 120 to 5000.



U S. Patent No. 4,876,020 discloses a lubricating oil conposition conprising
a lubricating base oil, one or nore overbased alkaline earth netal salts of
an aromatic carboxylic acid, and a stabilizing agent which has been

sel ected from a pol yal koxyl ated al cohol having a nolecular weight from 150"
to 1500. 5 U. S. Patent No. 5,049, 685 discloses a nucl ear substituted
salicylic acid represented by the follow ng general fornu 06 P OH
RZ R 10 mhereﬂﬁoﬁE”@ﬂﬁ?%sents a nmet hyl group, an isopropykégroupﬂnggg
tert-butyl group, a tert-anyl group, a tert-hexyl group, a tert-octyl

group, an a, a-di al kyl benzyl group or a nuclear substituted

a, a-di al kyl benzyl group; and R represents a tert-butyl group, a tert-anyl
group, a tert-hexy¥ -Sg&i%m Nog4,8 &, 920atsclpsesgrlehuisatingrpilgompeitdniopMpesiogd  gr oup
or a nucl ear substituted a,a 15 dial kyl benzyl group) and a salt thereof. The
nucl ear subst i ubti@tingbdse oy;lone ommomoverhahed alkdline edrthanata fsaltsrad ag ajochatiocanzorgliggood
solubility in water, organic solvents or organic polyneric conpounds and
that they are add yund avabiddrgagas wWhichthes beeh skddctedftbngepoiyaticstglhted gleoliot having a
stabilizers for polymeric conpounds or col or devel opi ng agents for
recordi ng mat epmbRbfar wéight BR800 N0, 5, 415, 792 di scl oses overbased al kyl

al kyl salicylates that are said to be 20 useful additives for lubricating

oi | conposj tions. IY]'?.SpPz’[téﬂt B! 51049, 643611 RIBATIEIERBSostilTRAY hlicy HEAET ABeChteaD
di spersancy to the Tubricating oi'l conposition as well as provide for an

al kal i ni ty resgrydd Wo.200440% t 766 PCT/ US2003/ 033498

10
wherein R, represents a methyl groul;, an isopropyl group, a tert-butyl group, a tert-amyl
group, a tert-hexyl group, a tert-octyl group, an a,a-dialkylbenzyl group or a nuclear
substituted o, c-dialkylbenzyl group; and R, represents a tert-butyl group, a tert-amyl group, a
tert-hexyl group, a tert-octyl group, an «,«-dialkylbenzyl group or a nuclear substituted o, o~
15 dialkylbenzyl group) and a salt thereof. The nuclear substituted salicylic acids and salts
thereof are said to have good solubility in water, organic solvents or organic polymeric
compounds and that they are very favorable as bactericidal and germicidal agents, stabilizers
for polymeric compounds or color developing agents for recording materials.
U.S. Patent No. 5,415,792 discloses overbased alkyl alkyl salicylates that are said to be
20 useful additives for lubricating oil compositions. In particular, the compositions impart
detergency and dispersancy to the lubricating oil composition as well as provide for an

alkalinity reserve.



U S. Patent No. 5,434,293 discloses a nethod for alkylating al kyl
salicylates using a solid acidic al kylation catal yst and approxi matel y

equi nol ar anmounts of al kyl salicylate and alkylating feedstock. U. S. Patent
No. 5,451, 331 discloses a process for the production of a lubricating oil 5
additive concentrate having a TBN greater than 300 that conprises reacting,

at el evated dﬂB%hEOFﬁgq conponent (A) a defined sal|cyllgc§ﬁ$gmgﬁgb¥ative,

conmponent ( B) I'ne earth netal base added either in a sin
addition or in a plurality of additions at internediate points durlng t he
reacti on, conponent (C) at | east one compound which is (i) mater (i) a

Giyeol. (iv) o tri Ugas ”%wft §@4@f§%€$ﬁse?fa%et@d%w¥wapg aaswa Ry e 41 yo

al kyl ether of the formula ( g R(ORI)x ORZ (1) . wherein isaC to

al kyl group, Reolif gcidig al&vlk@qnéﬁ lygtrand I@}pmmgtelbifamg\éharmun& allylsalicylasg q{w
group and x is an integer froml to 6, (vi) a CI to C20 nonohydric al cohol,
(vii) aC to ﬂkﬂ@mgﬁ@g%wé; (viii) a C to Cl0 carboxylic acid ester, or
(ix) a d to C20 ether, conmponent (D) a Ilubricating oil, conponent (E)

car bon di oxi de addddsSskdoseoehds L33 Itdiselosesa peeds forabielprodwrtion of 4 mbterippoient
(B), conponent (F) a defined carboxylic acid or derivative, and conponent
(G at | esast gidaRive osmRentiate Mg A TIBN gredteraRani 300 tigebdrepride regt@ingfat Elevatedan
ammoni um al kanoate or nono-, di-, tri- or tetra-alkyl anmonium fornmate or

al kanoat e pr oweﬂ@@}aﬁlk@t;@mrym.eﬁ (Apamamemah&@ adi® derfvhiive, canPORONEB] ar{a!fﬁallhé not

an acid chloride, the weight ratios of all conponents being such as

produce a Conc?mrn?efta%mmw efthel BN gﬁg@@&d@rmﬂ baR a?pQletQQféddﬁonﬁﬁnrﬁaxneme

5,734,078 discloses a process for the production of an al kyI salicylic acid

in which the a{)/(%mg aSHThd (hERh, ARBoRh: 4}@%1&5@0&%919&@ PR, i

reacting salic haV|ng at Teast on atgns at
S errper ;[lhlillér(lec alllcohonlav?tr)léﬁ%g q %aerbc())rlc atoms Y%B 2919 f& or 4) g?ycop{ )UaS tzr (882/-833498

10 glycol, (iv) a mono- or poly-alkylene glycol alkyl ether of the formula (I) R(OR'), OR? (I)
wherein R is a C, to C, alkyl group, R is an alkylene group R* is hydrogen or a C; to C, alkyl
group and x is an integer from 1 to 6, (vi) a C, to C,, monohydric alcohol, (vii) a C, to C,,
ketone, (viii) a C, to C,, carboxylic acid ester, or (ix) a C, to C,, ether, component (D) a
lubricating oil, component (E) carbon dioxide added subsequent to the, or each, addition of

15 component (B), component (F) a defined carboxylic acid or derivative, and component (G) at
least one compound which is (i) an inorganic halide of (ii) an ammonium alkanoate or mono-,
di-, tri- or tetra-alkyl ammonium formate or alkanoate provided that, when component (G) is
(ii), component (F) is not an acid chloride, the weight ratios of all components being such as
to produce a concentrate having a TBN greater than 300.

20 U.S. Patent No. 5,734,078 discloses a process for the production of an alkyl salicylic
acid in which the alkyl substituent has at least 6 carbon atoms, comprising reacting salicylic

acid with an olefin having at least 6 carbon atoms at elevated temperature in the presence of



sulfuric acid as a catalyst. Lubricating oil additives conprising a netal
salt of such alkylated salicylic acids and a process for nmaking themare

al so disclosed. U S. Patent No. 5,792,735 discloses a |ubricating oi
conposition said to be suitable for use in |ow or medium speed diesel

engi nes that conprises a fuel oil with a residual oil 5 content
characterized it , | ubricating oil conposition furt LSEeS a
hydr ocar byl - sd@gggﬁhfégﬁphenate concentrate having a TBN g?@gf@gp3%§§ 300,
and at | east one of a hydrocarbyl-substituted salicylate and a

hydr ocar byl - substi tute sul phonate. The hydrocarbyl - substituted phenate is
preferably one nodified by incarparation of a carboxylic acid _of the

f or mul a RCH( R1§"E8DEAjhasacaflyss Ial%eaaé‘ﬂs:glha%#%% cQgeeiSipE & ftgtapaltif SWd’H@&E‘ﬂ or a
C, to C4 10 al kyl group, e.g., stearic acid. U S Patent No. 6,034,039

di scl oses conptabisylid aeidyandptrsocessdfor makdngsthergare glsp Aisdpwd- i nproved deposit
control and corrosion protection in crankcase |ubricants. The discl osures of
the foregoing are iWh8oPasent Aoedl 7973 disclogesradibsicatingeilicampesition saidttd besujtable
SUMVARY OF THE | NVENTI ON 15 The present invention is directed to the

prepar ati on of foahseyih Rivest saliuncspeeddiese] ahgintytbancosptises y filetoibwitida essiduddroiinched,
internal and al pha ol efins using a perfluoroal kyl sul fonic acid, an

al kyl sul f @ni ¢ afiteit cHafacRfizaiGh iatthe ludYicating 61 cadspobitibs Alrthen codpBseda hyildobdrByi{ I )
20X, as the catalyst. It is preferred that the al kyl groups of the sulfonic

aci ds have frogbdithted pRAME cORemPlORNINGAABN greAGNWAN WWdSardBE RAARSLLf PNi ¢ acid
(10 to 30 nole% of the noles of salicylic acid) is especially 20 preferred.

The conditions i j i e I he
h chctar% -J@lbﬁﬁutg@saﬂl‘,}hﬂ%@ aHyaREIH QbsH utéﬁ#dh&)ﬂté. %}ﬂeﬁlyﬁ%&‘r&éﬁ o

olefin to react evated terfperatures, preferably froma :
sal iyl ¢ act dooRuCFRRRER priingtlf ohPrBuRE AR EiOREEF BlbAL R B 21 0
salicylic aci df%rryl\{illg RCﬁ?ﬂSCBLPﬂthrle itise é(lj C?‘,[H;, zEllE)jl 210‘65 lax?‘c} }%Pis ﬁ}?' ré)é:exloir% C, (tso C,
10 alkyl group, e.g., stearic acid.
U.S. Patent No. 6,034,039 discloses complex detergents that are said to provide
improved deposit control and corrosion protection in crankcase lubricants.
The disclosures of the foregoing are incorporated herein by reference in their entirety.
SUMMARY OF THE INVENTION
15 The present invention is directed to the preparation of alkylated salicylic acids from
salicylic acid and branched, internal and alpha olefins using a perfluoroalkylsulfonic acid, an
alkylsulfonic acid, or an acidic clay, such as Fulcat® 22B or Filtrol® 20X, as the catalyst. It is
preferred that the alkyl groups of the sulfonic acids have from 1 to about 30 carbon atoms.
Anhydrous methanesulfonic acid (10 to 30 mole% of the moles of salicylic acid) is especially
20 preferred. The conditions are such as to allow a suspension of salicylic acid in the olefin to
react at elevated temperatures, preferably from about 120° C to 160° C, with olefin excesses

of up to about 20 mole percent relative to the salicylic acid. The products are mixtures of

ortho and para monoalkylated salicylic acids with some dialkylated and trialkylated salicylic



WD 2004/ 041766 PCT/ US2003/033498 acids. The al kyl phenol content is very

| ow and the col or of the product is excellent conpared to that obtained via
t he Kol be-Schmtt synthesis. The al kylated salicylic acids have acid

nunbers approxi mately 60-95% of the theoretical value. PDSC and panel coker
val ues of the corresponding overbased calciumsalts of the salicylic acids
are conparabl e perior to 5 control commercial salicyl s. In
the preferred cgg%a¥%&Wﬁlch met hanesul fonic acid is used aghﬁﬁgﬁgg@gﬁgit,
the catalyst can be readily renoved and recycled by the addition of from
about 10 to about 50 weight percent (relative to the reaction nmass) of

| i ght naphtha to. the final reaction product, which recipitates, the
catalyor 1t tdtarn Y8T pheaSEorsR Pt chon oo Raptfe fRgRb e lehtarend 10
met hanesul fonic acid. The solution of alkyl salicylic, acid cag be used
directly for tHethahplipasdiia be Kefoerishipifsyribesis Lh¢ ﬁl}éﬂ?w%ﬁ%aﬂm@ thave ﬁ‘“‘?ret al
salicylates. More particularly, the present invention is directed to a
process for theupberdarrpemately 6095k 0f thedheassticplvalie | BRSE anghpansh qolerrvaluet ofribe
salicylic acid with an olefin having at |east four carbon atons at el evated
t enper at ure i n dotresppndingovshagsd calciyorshltuaftheashlioylicadids are empeiablle oauperior to

al kyl sul fonic 15 acid, or an acidic clay as a catalyst. |In another aspect,

t he presens i nwentrel@ommsrcid saiciaelddtagamnposi ti on conpri sing an al kyl
salicylic acid prepared by a process conprising reacting salicylic acid with
an ol efin having at Inhepfferfed¢liseGRwhicNmath@isuldhic atiesalselasttRORARL, Wiecatalyst he
presence of a perfluoroal kyl sulfonic acid, an al kylsulfonic acid, or an

aci dic clay as @n 6&feddilyTtmovéd add M@&e@%&&%@&iﬁél SO ERAOR R3B68B0 weight
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

percent (relative to the reaction mass) of light naphtha to the final reaction product, which
precipitates the catalyst. If the catalyst is to be discarded, a water wash can remove the

10 methanesulfonic acid. The solution of alkyl salicylic acid can be used directly for the
preparation of overbased alkali or alkaline earth metal salicylates.

More particularly, the present invention is directed to a process for the production of
alkyl salicylic acids comprising reacting salicylic acid with an olefin having at least four carbon
atoms at elevated temperature in the presence of a perfluoroalkylsulfonic acid, an alkylsulfonic

15 acid, or an acidic clay as a catalyst.

In another aspect, the present invention is directed to composition comprising an alkyl
salicylic acid prepared by a process comprising reacting salicylic acid with an olefin having at
least four carbon atoms at elevated temperature in the presence of a perfluoroalkylsulfonic
acid, an alkylsulfonic acid, or an acidic clay as a catalyst.

20



The process of the present invention can be represented by the foll ow ng
equation: OH Rc OH OH COON Neat nethanesulfonic acid COON COON 5 +H2 C_
C' + R 120-160 deg. CR R R wherein: Ris selected fromthe group
consi sting of hydrogen, linear alkyl groups of from4 to 10 30 carbon
atons, and branched al kyl groups of from4 to 30 carbon atons, and R is

sel ected fromthe gr onsi sting of |inear al kyl groups 48 30
carbon atons aﬁﬁ)%pgﬁgﬁgd al kyl groups of from4 to 30 caﬂ%gﬁ&gg%ﬁfé&Both
strai ght-chain and branched-chain olefins, preferably a-ol efins, can be
enployed in the practice of the present invention. Preferably, the olefin
has from4 to 50, nore 15 preferably from8 to 35. and stjﬁreferably from
8 to 25 carbon atoms. SubINSIUPAIGNGE THERRERERRER EMPOMIEN TS t eq 1o,

i sobutyl ene, propylene trimer, propylene tetranmer, 1-hexene, 1- octene,

1- decene, 1- dodecendhe process pEide peepit inyertion safceapisesented by tha éelioméng eugtiososene,
1- docosene, 1-tetracosene, m xtures of the foregoing, and the |ike.
Commercial salicylic acid can be enployed with or w thout further
purification. 20 The conditions under which the reaction is carried out
depend upon the nature of the olefin to be enployed. The conditdpns to be
descri bed hereina r are for?Z-nnth | - 1- undecghe, an exa eo aC%%ﬂger

carbon chagn br apekgdCe0 Ief;m\R¥ﬁ8§3m§??Tﬁ§8 ' Ogit Wi
2004/ 041766 PCT/ @ +

03/ 033498 120-160 deg. C

R
R R
wherein:
Ris selected from the group consisting of hydrogen, linear alkyl groups of from 4 to
10 30 carbon atoms, and branched alkyl groups of from 4 to 30 carbon atoms, and
R'is selected from the group consisting of linear alkyl groups of from 4 to 30 carbon
atoms and branched alkyl groups of from 4 to 30 carbon atoms.
Both straight-chain and branched-chain olefins, preferably ¢-olefins, can be employed
in the practice of the present invention. Preferably, the olefin has from 4 to 50, more
15 preferably from 8 to 35, and most preferably from 8 to 25 carbon atoms. Suitable olefins
include, but are not limited to, isobutylene, propylene trimer, propylene tetramer, 1-hexene, 1-
octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene, 1-eicosene, 1-
docosene, 1-tetracosene, mixtures of the foregoing, and the like.
Commercial salicylic acid can be employed with or without further purification.
20 The conditions under which the reaction is carried out depend upon the nature of the

olefin to be employed. The conditions to be described hereinafter are for 2-methyl-1-

undecene, an example of a longer carbon chain branched 1-olefin. Those skilled in the art will



realize that, with other olefins, different optinumreaction conditions my,
and probably will, be desirable. The tenperature at which the salicylic
acid and the olefin are reacted is preferably about 50 C or nore, and nay
suitably be in the range from about 50 to about 200 C. The 5 optinum
tenperature within this range i s dependent on the carbon chain | ength of the

ol efin. Typicall f Cl4 ol efin the optinum tenperature,isydiRRsanout
100 to about 17 ?2,2009%4r126f6erabl y, about 120 to about 160 C. El%e éuratl on of

the reaction is usually not critical. A reaction tinme of fromabout 2 to
about 36 hours is usually satisfactory. 10 The reaction can, if desired, be

oo O 1 B BT B R B R

the art. For C12 and higher alkyl salicylic acids, solvent extraction,
preferably with qqleglmbe naphtha, is typically used. 15 The al kyl at ed
salicylic acids prepared by the process of the present invention are useful
as internediates in Fhederpneeayue at Wigeh be salioticiaeid enchie olefin arg aacied éssprefersbly et hod
for effecting such wuse conprises the steps of forming a C4 or higher alkyl
salicylic acid @muthSd¢l agede,abdwey swtably be indhe napgecirdnnagpout SAfite hbat 2@ 4l. Bese
in the presence of a solvent at elevated tenperature. The reaction with the
met al base scan bgingat tempetatoref within thiserarpe &sdependemafon claerdatbon dhaixxieaeth oPe alefin.
optionally, a carbonation catalyst. The nmetal base can be an alkali netal or

an al kaline eaTjpicaliRtfed a ©)@slefin e optirins tertiprafiire i Momiabout 180° @l dadtilee eart h
netal base is preferred. O the alkaline earth netals, calcium mnagnesium

and barium are B,Iéﬁf-a%]‘y[ aRuande edveliigob & especially 9 WD 2004/ 041766
PCT/ US2003/ 033458

The duration of the reaction is usually not critical. A reaction time of from-about 2 to
about 36 hours is usually satisfactory.

10 The reaction can, if desired, be carried out in a solvent, but normally no solvent is
employed.

The alkyl salicylic acid can be recovered from the reaction mixture by means known in
the art. For C,, and higher alkyl salicylic acids, solvent extraction, preferably with light
naphtha, is typically used.

15 The alkylated salicylic acids prepared by the process of the present invention are useful
as intermediates in the preparation of lubricating oil additives. The method for effecting such
use comprises the steps of forming a C, or higher alkyl salicylic acid as disclosed above, and
then reacting it with a metal base in the presence of a solvent at elevated temperature.

The reaction with the metal base can be carried out in the presence of carbon dioxide

20 and, optionally, a carbonation catalyst. The metal base can be an alkali metal or an alkaline
earth metal base, or a mixture of the two. An alkaline earth metal base is preferred. Of the

alkaline earth metals, calcium, magnesium, and barium are preferred and calcium is especially



preferred. The base may take the formof the oxide or the hydroxide, e.g.,
slaked linme, which is principally calcium hydroxide. The anpbunt of base
added shoul d be sufficient to provide an overbased salt, i.e., one in which
the ratio of the nunber of equivalents of the nmetal noiety to the nunber of -
equi valents 5 of the alkyl salicylic acid noiety is usually greater than

about 1.2, and can be as high as 4.5 or greater. The netal base y
added either in %O2%§f'&%addition or in a plurality of addiFFBW§m3Y3$”8

i nternedi ate points during the reaction. The overbasing reaction mxture
suitably further contains a pronoter, preferably an 10 oxygen- containing
organi ¢ solvent and optionally water, table pronpters includ

al cohol s, pol yHyefeired élflte&ﬁﬁlr?,aystﬁ%hfa@ﬂg|0§/@6P‘(ld?)91btb§/h3@ﬁ@ﬂ% ?5@F]akeﬁll‘9@eWB‘Ph or

1,3 dihydroxypropane et hers such as Cl4 nonoethers of glycol or propyl ene
gI ycol , dii soprl@plwclpa@tmumhx@owéﬁ 1, 4- di oxane, or 1, 3-di oxol ane.
Preferably the pronoter is a CL.6 aIcohoI in particular, nmet hanol . 15 The
sol vent for the readheemowift of bese addey khomibd Hecsyﬂﬁbientacbtbviﬂietahovdnmsmw iehame inmay
be (1) a polyhydric alcohol having 2 to 4 carbon atons; (2) a di-(C2 to (4)
glycol; (3) a whiéhta&rhtibof éhubst@Bkquivatthtsdf themektal @oiepOo)tikd diydbensl eghiyaletts

al kyl ether of the formula: 20 R (ORZ),OR3 wherein R is a Cl to C6 al kyl

group, R2 ks arbf@itekaiityemqgma@ mokRty is SstANFERAeNthAT abdutGl2 taRd &6 bedk kigh a04 98P
and x is an integer 6; (5) a nonohydric al cohol having up to 20

carbon atoms; clOier

The metal base may be added either in a single addition or in a plurality of additions at
intermediate points during the reaction.
The overbasing reaction mixture suitably further contains a promoter, preferably an
10 oxygen-containing organic solvent and optionally water. Suitable promoters include C, ¢
alcohols, polyhydric alcohols such as glycol, propylene glycol, glycerol, or 1,3-
dihydroxypropane, ethers such as C,_, monoethers of glycol or propylene glycol, diisopropyl
ether, 1,3- or 1,4-dioxane, or 1,3-dioxolane. Preferably, the promoter is a C, ¢ alcohol, in
particular, methanol.
15 The solvent for the reaction of the alkyl salicylic acid with the metal base may be
(1)  apolyhydric alcohol having 2 to 4 carbon atoms;
(2) adi-(C,to C,) glycol;
3) a tri-(C, to C,) glycol;
(4)  amono- or polyalkylene glycol alkyl ether of the formula:
20 R'(OR%»,0R?
wherein R! is a C, to C; alkyl group, R? is an alkylene group, R* is hydrogen or a C, to C
alkyl group and x is an integer from 1 to 6;

(5)  amonohydric alcohol having up to 20 carbon atoms;

10



WD 2004/ 041766 PCT/ US2003/033498 (6) a ketone having up to 20 carbon atons;
(7) a carboxylic acid ester having up to 10 carbon atons; (8) a volatile

| i qui d hydrocarbon; or (9) an ether having up to 20 carbon atons. 5 The
preferred solvent is an inert hydrocarbon, which can be either aliphatic or
aromatic. Suitable exanples include toluene, xylene, naphtha, and aliphatic
paraffins, e.g., hexane, and cycloaliphatic paraffins. A conbination of

met hanol , whi chwagcisy@sea pronoter in the reaction, and naptriizs2003/033498
especially preferred. 10 In view of the intended use of the overbased
product as a lubricating oil additive, it is preferred to incorporate a

base oil as a supplenental diluent. The base oil can be an animal oil, a
vegetable oil, @ aaMk@fs Rvirgiubto B efsdnafdnys; it is a petrol eumderived

| ubricating oil,” such as a naphthenic base, a paraffin base, or a m xed

base oil. Al termatiyel ¥, iibscid L ihgadhd Q! toR€ @ synthetic oil, for
exanpl e, a synéhztic éé? # o? a 60?y @?@ hf roc%?@dn | ubricating oil. 15

Car bon di oxi de j4s enpl i.n. the production of overbased netal salts in the
formof a gas (gf aasVSlgtl}ﬁg?iq%&g Jé?"é‘gﬂ"ﬁ’ %n the formof a gas, wherein it can
be bl own throuq? t he éga tion ixture. Carbon dioxide addition is typically
effected after the AWEHPEIMGHNSEP IR’ O0R29MSA car bonati on cat al yst can be
used to produce highly oyerbased et al %alts. The . catalyst can bhe either an
i nor gani ¢ éonpound dA¢ Bistered slysat & SAST Audrosarane VRIsh (andis eithg aipliaticor 20
conpound. Suitabl e inorganic conmpounds include hydrogen halides, netal
hal | des, anmoniaiemaiigl Suigable eremples ingludereluenssxyleapmaphthamard dishestresatins, awno-
di-, tri- or tetra-al kyl amonium fornates or al kanoates. Exanpl es of
sui t abl e cat al yiwkanej and Icyrdienliplzatic pamffioh| or i de, amoni um chl oride, cal ci um
acetate, ammoni um acetate, zinc acetate, and tetranethyl (anmoni um

A combination of methanol, which acts as a promoter in the reaction, and naphtha is

especially preferred.

10 In view of the intended use of the overbased product as a lubricating oil additive, it is
preferred to incorporate a base oil as a supplemental diluent. The base oil can be an animal
oil, a vegetable oil, or a mineral oil. Preferably, it is a petroleum-derived lubricating oil, such
as a naphthenic base, a paraffin base, or a mixed base oil. Alternatively, the lubricating oil may
be a synthetic oil, for example, a synthetic ester or a polymeric hydrocarbon lubricating oil.

15 Carbon dioxide is employed in the production of overbased metal salts in the form of a
gas or a solid, preferably in the form of a gas, wherein it can be blown through the reaction
mixture. Carbon dioxide addition is typically effected after the addition of metal base.

A carbonation catalyst can be used to produce highly overbased metal salts. The
catalyst can be either an inorganic compound or an organic compound, preferably an inorganic

20 compound. Suitable inorganic compounds include hydrogen halides, metal halides, ammonium
halides, metal alkanoates, ammonium alkanoates or mono-, di-, tri- or tetra-alkyl ammonium
formates or alkanoates. Examples of suitable catalysts include calcium chloride, ammonium

chloride, calcium acetate, ammonium acetate, zinc acetate, and tetramethyl(ammonium

11



11 WO 2004/ 041766 PCT/ US2003/ 033498 acetate). The catalyst is typically
enpl oyed at a | evel of up to about 2% by weight. A nore conplete
description of the production of highly overbased netal al kyl salicylates
can be found in EP-A-0351052. Suitably, the elevated tenperature enpl oyed
in the above reaction may be in the range 5 from about 100 to about 500 F
(about 38 to about 260 Q The concentrate of the netal salt in the sol vent
can be recover ed 20 ¥INEAti onal neans, such as distillati VESYPPEIRHE
Finally, the concentrate can be filtered, if desired. The ambunt of additive
concentrate present in the finished lubricating oil will depend on the
nature of the final use. For marine lubricating oils, it is typically enough
to provide a 1@ce8p). dfhefcatalystds typicallg@mpioyed aaiayrioliiup ¢o ehreyt 206 bly wstaht ad imege
oils, enough to provide a TBN of from4 to 20. As used herein, the term
"Total Base NuntkemplerdelchiBiidn ofelieqpraducton dfchighiyouvatbaefl nizted elkylaajicyltes emt bet 0
mlligrans of KOHin 1 gramof additive. Thus, higher TBN nunbers refl ect
nore al kal i ne prfagdat EP-anoBstibey efore a greater alkalinity reserve. The Total
Base Nunber for 15 an additive conposition is readily determ ned by ASTM

test method nunber D2@BBlyOihe elettRed tefiéthiul BiploybEiiRISbovel REctfoh Ma§ B8 ¢h the range
| ubricating oil may al so contain effective anounts of one or nore other

types of copvent,analud R IobirBook (aadis® io4B3u JipF coxanpl e viscosity index

i nprovers, anti- wear agents, antioxidants, dispersan rust inhibitor,

pour - poi nt depressantg, . and, {%%fh{-ekn?'t 159 i1 B8 SRYRUA8eR AR DS rilv%Ft?rn ant
features of the present T HRVEALIOA W 1T “be nore. apparent rom the 1oltow ng

exanples. 12 means, such as distillative stripping. Finally, the concentrate can be filtered, if desired.

The amount of additive concentrate present in the finished lubricating oil will depend

on the nature of the final use. For marine lubricating oils, it is typically enough to provide a
10 TBN of from 9 to 100; for automobile engine lubricating oils, enough to provide a TBN of
from 4 to 20.

As used herein, the term "Total Base Number" or "TBN" refers to the amount of base
equivalent to milligrams of KOH in 1 gram of additive. Thus, higher TBN numbers reflect
more alkaline products and therefore a greater alkalinity reserve. The Total Base Number for

15 an additive composition is readily determined by ASTM test method number D2896 or other
equivalent methods.

The finished lubricating oil may also contain effective amounts of one or more other
types of conventional lubricating oil additives, for example viscosity index improvers, anti-
wear agents, antioxidants, dispersants, rust inhibitor, pour-point depressants, and the like.

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

apparent from the following examples.

12



WD 2004/ 041766 PCT/ US20031033498 EXAMPLES Exanple 1 Al kyl ation of
Salicylic Acid Salicylic acid (215.0 grans) is added to a 3 liter gl ass
vessel equipped with a stirrer, a 5 thernoneter, and a heating mantle. A
m xed Cl14-Cl18 olefin (367.7 grans) is added next, followed by an al kyl ation
catal yst, preferably 45.1 grans of nethanesulfonic acid. The mxture is
heated to 120 C and kept at that tenperature for 24 hours. Next, some |ight
napht ha, such a¥GARIHAKPht ha, (582.6 grams) is introduced RIS W 0B ar
solution is allowed to settle to renove the spent catal yst. The product
recovered is a clear yellow sh naphtha 10 diluted al kyl salicylic acid
suitable for direct overbasing or for reaction with previously overbased
detergent. Exanple 2 Salicylic acid non@XAuPAESd with a 16.4:47.9:35.6
wt/wt % m xture of 15 Cl41 C16, C18 a-olefins Athree liter resin kettle was
charged with salicylic acid powder (828. $ga@prns, 6.0 noles). The kettle
was fitted with five-hole Iid, nmechanical stirrer (PTFE bearing, polished
glass shaft, PTFE axial and radial AugiRiisies)saiibdiclAbia condenser (attached to
a nitrogen line and mneral oil bubbler for positive pressure) and mantl e,
Therm O- Watch(r), t A ) | . cj al
mixture of Cla/ Cio CHER alaprsg BT 45 i) £ 1% SHETARE oty BifRR-Y
average nolecul ar wei ght of the al kene m xture, of C osiktion in w
o5 16406 15¢ ot r REERE bt el RufBOR B At BB Derp BARANS R Cen
?g_lnrgr ngggr :Emabfgﬁjctgveégg atcl)’ glgylgtPoTc\é\gﬁlst,s%)r%gega%g'élfal\ngr}znqsr c?fu n?et}gggst} gn?cs alljcluj. Oﬂ'{ec aci d

mixture is heated to 120° C and kept at that temperature for 24 hours. Next, some light

naphtha, such as VM&P naphtha, (582.6 grams) is introduced and the clear solution is allowed
to settle to remove the spent catalyst. The product recovered is a clear yellowish naphtha
10 diluted alkyl salicylic acid suitable for direct overbasing or for reaction with previously

overbased detergent.

Example 2
Salicylic acid monoalkylated with a 16.4:47.9:35.6 wt/wt% mixture of
15 C,4s Cigs Cy5 0-olefins
A three liter resin kettle was charged with salicylic acid powder (828.96 grams, 6.0
moles). The kettle was fitted with five-hole lid, mechanical stirrer (PTFE bearing, polished
glass shaft, PTFE axial and radial turbines), reflux condenser (attached to a nitrogen line and
mineral oil bubbler for positive pressure) and mantle, Therm-O-Watch®, thermocouple. The
20 kettle was charged with a commercial mixture of C,,/C,¢/C,; a-olefins (1414.12 grams, 6.30
moles, assuming an average molecular weight of the alkene mixture of 228.11, composition in
wt %: 16.4% 1-tetradecene, 47.9% 1-hexadecene, an 35.6% 1-octadecene) and then stirring

at about 250-300 rpm was started. Anhydrous methanesulfonic acid (173.47 grams, 1.8

13



WD 2004/ 041766 PCTI US2003/033498 noles, 30 mole %relative to the salicylic
acid) was added all at once to the resulting white suspension. The
suspensi on was then heated under nitrogen and stirred to a target pot
tenperature of 120 C. As the reaction progressed, the suspension di sappeared
and becane a dark reddish- 5 orange in color. Crystals of mhat i's presuned
to be sublined Sa|iCé|IC acid were present in cool areas % %m&&ﬁ? i on
appar at us. Af t eWOR'HPEHPS of 25 hours at 1201 C, the heat i ng Glas opped and
the reaction mxture allowed to cool. Light naphtha (1.5 L total) was used
to transfer the reaction product fromthe kettle to a separatory funnel and

t he phases sep ted to ard a | arge upper e and a dark col ored | ower
phase of spent agl%?le °I"F? tyigehe ﬁi\%@% Wos@ &drai“ phere &7 the sesylting White vacuo
(rotary evaporator, 90 C water bath, <10 mbar vacuum) over about 2 hours. A
browni sh oi | (34B9sipR. Jhe paspensias webthsn hrated under nErogsmandestite tor HargeeRthi ned

wei ghts of the alkene and salicylic acid). This sanple was found to have an
acid nunber t bempersage 9PY200LC.t he t heoretical value of 153.20 for a
16.4:47.9:35.6 wt/wt % m xture of nonoal kyl ated salicylic acids. 15 Exanple
A Conparative Exanpb eheSedctiayprogressed, dhemnspeadidydisippehrad anth b8@me adakaeddssht f ur i ¢
acid with propylene tetraner A two liter resin kettle was charged with

sal i cylic sci dofahg8indBlogr @iystals bf GhathiDpregumad b beSDblindd salyliGadidwers predént an 80%
v/v aqueous sul furic acid solution. The suspension was 20 stirred under a

ni trogen positicy8 aRhaesHHE RadlondgpdratudNEhidr ReRalRIFOPYbREE: 120t CHKE heatid 5/@4
grans, 1.1 noles) was added dropw se over about 0.5 hour. During t

addi tion, the st 'a‘ﬂ@ the' r@a{m&{ ﬁ\E&U’r@ almtl %jco%ll ! Btl rﬁégﬁt (:’1%501?&(:)_'(; ﬂ@ﬂy usE(bﬁ)

reaction mxture s warned to a target terrper tur owever, there

was an exot her Waﬁs?er?l?e rQaanJ? Srodﬁ&?}ohotﬂe ¥&te %ea%%pa%tory funnel and the phases separated to

afford a large upper phase and a dark colored lower phase of spent catalyst. The upper phase
10 was stripped of solvent in vacuo (rotary evaporator, 90° C water bath, <10 mbar vacuum)
over about 2 hours. A brownish oil (2189.77 grams) was obtained, (97.6 % based on the
combined weights of the alkene and salicylic acid). 'This sample was found to have an acid
number that was 92% of the theoretical value of 153.20 for a 16.4:47.9:35.6 wt/wt% mixture
of monoalkylated salicylic acids.
15 Example A
Comparative Example
Salicylic acid monoalkylated with 80 v/v aq. sulfuric acid with propylene tetramer
A two liter resin kettle was charged with salicylic acid (138.39 grams, 1.00 mole) and
890 mL (25.6 moles) of an 80% v/v aqueous sulfuric acid solution. The suspension was
20 stirred under a nitrogen positive pressure at 43° C, and then propylene tetramer (185.24
grams, 1.1 moles) was added dropwise over about 0.5 hour. During the addition, the reaction
temperature cooled slightly to 41° C. Then, the reaction mixture was warmed to a target

temperature of 60° C; however, there was an exotherm to 75° C. The reaction was kept at

14



14 WO 2004/ 041766 PCT/ US2003/ 033498 about 60 C for a total of three hours.
The deep reddi sh reaction product was diluted wwth 600 nL of water and an
exotherm owing to the dilution of the sulfuric acid, occurred. The diluted
product separated into two phases, which were treated with 200 nL of

n- heptane in a separatory funnel. The upper organi c phase was kept and the
| ower aqueous phase extracted 5 wth two 100 nL portions of n-heptane. Al

of the organi c phaswsouerse conbi ned and washed tw ce w th BOQUSZ03@B34Mat er
and then twice with 200 nL of saturated aqueous sodium chloride solution.
The organi c phase was dried over anhydrous sodium sulfate. Then, the drying
agent was renoved with suction in a Buchner funnel and the filtrate was

stripped in vagar dBC for e of Pedehours 2@nd@Rp redashl tbBdtichPrafubonh @BiRd S3hgr ans
of a viscous dark reddish 10 oil (78.0 %based on the conbi ned wei ghts of the

al kene and sal i g3l G oPwhteh and 2R Ex MR Utind'@%he (ﬂluﬁéﬂ BME@HﬁmH@Q&d o@&ﬁre@nTﬁ&' d
nunber of 136.0, 74 2% of the theoretical val ue of . Exanple

Salicylic acid mwdrgaﬁ'c@-}eg%atm Blb mgﬁ;{ées%we; reed%& g 4%&@5&

acid Exanple 2 was Tepeat In a Iter resin ettle W t rans

of salicylic acjd 230. f. B | ene tebrane
nol es) and 86. 55 ?;f?té’ tﬁléff& ﬂ?ﬁlgﬁgro aseam gesp( 8"%‘8‘ © fer que‘flhsep A xﬁ?é%/vas
20 C_for 26hus The

stirred and heated un itroge eaction
oot s dr | b BHSBOTE CLADRPIEHe GG FRBIE e COmR g washed
resul ting organi ¢ phase was washed twi ce wth 500 nL portions of water. The
aqueous phases WasEeViEnY nlopfivaiergandribendwice 26th 280 w19h S%‘W@teﬁ@q‘éﬁouhsm ane.

Al'l the organic 20 extracts were conbined and then stripped in vacuo éQO C
wat er bat h, <20chiside solaiéan.rfhe pegania phase wasdBd @Sergnhydsousodium sylfete oFhsn.e
Vi scous oi I (92.8 % based on the conbi ned wei ght of propylene tetranmer and
sal i cylic aci d)dryiNhegenewad teinneedpyithchuctionlimel Baghnerdimmhehandisey filyite 1@ stpipped in
vacuo (90° C water bath, <20 mbar vacuum) to afford 252.53 grams of a viscous dark reddish
10 oil (78.0 % based on the combined weights of the alkene and salicylic acid). The product had
a sulfurous odor, and an acid number of 136.0, 74.2% of the theoretical value of 183.1.
Example 3
Salicylic acid monoalkylated with propylene tetramer and methanesulfonic acid
Example 2 was repeated in a two liter resin kettle with 414.99 grams of salicylic acid
15 (3.0 moles), 530.61 grams of propylene tetramer (3.15 moles) and 86.52 grams of
methanesulfonic acid (0.90 mole). The mixture was stirred and heated under nitrogen at 120°
C for 26 hours. The reaction product was diluted with 500 mL each of water and n-heptane
and the resulting organic phase was washed twice with 500 mL portions of water. The
aqueous phases were then combined and extracted with 200 mL of n-heptane. All the organic
20 extracts were combined and then stripped in vacuo (90° C water bath, <20 mbar vacuum) to
afford 868.05 grams of a dark colored viscous oil (92.8 % based on the combined weight of

propylene tetramer and salicylic acid). The resulting product had an acid number of 163.2

(89.1% of the theoretical value of 183.1).

15



(89.1% of the theoretical value of 183.1). 15 WD 2004/ 041766
PCTJUS20031033498 Exanple 4 Salicylic acid nonoal kylated with a 10: 10: 80
(W% m xture of C841 Cl161 C13 a-olefins As in Exanple 2, salicylic acid
(414. 34 granms, 3.00 noles), 1-tetradecene (87.32 grans, 0.445 nole),

1- hexadecene (87.34 grans, 0.389 nole), 1-octadecene (698.70 grans, 5 2 73
nol es), and net hanesul fonic acid (86.61 grans, 0.90 nole) were conbined in a
two liter resinVREPHO4%The suspensi on was warmed at 120 CPFE?BE@y%”ﬁﬁs

The cool ed reaction product was diluted with 600 nL of |ight naphtha and
then filtered with suction through a coarse glass fritted funnel. The
filter cake was washed with 300 nL of |ight naphtha. The filtrate was split
in a separatory funnel and the | ower dark_| ayer was separated off. The upper
organi ¢ phase 10 was stripped in vacuo (9@5%?m&fer bat h, <15 nbar vacuum) to
afford 1119.11 grans of a yellow sh oil (86.9% based on the comnbi ned

wei ghts of the alSadipdicagidl mondabliylated with @)10:19158 (whok prixturet! G du&his Eralefing
acid value of 133.8 (87.3% of the theoretical value of 147.40). Exanple 5
Salicylic acid nonoafkipExempledi sahcylio add (490.3hesamyi kPUmelef 1-tettadeceneldiShe, 15
1- hexadecene, and 1-octadecene In a manner simlar to Exanple 2, salicylic
acid (829. 04 gr grmms, G445 malk)e $hexallecehe(87 3d gcarne0.§ 8GiR0I8P 1 gradecend(699 36 grinlse) ,
1- hexadecene (152.81 grans, 0.689 nole), 1- octadecene (1222.60 grans, 5.447

nmol es), and net hapesids), afd Getdieshilfonié 3ci@ 28608 1847 &ms, §.98 GholdyRleRSJonibitee it NG
in athree liter resin kettle. Under nitrogen, the suspension was 20 brought

to 130 C with stdsideA. &AL susFRbioRvaswiinfed hOT208Ctdl B 5 R, ?hQ&HolehQéhrcﬁon ﬂ_rb@uct
cooled reaction mxture was diluted with 500 nL of n-heptane and t
sol ution was fi lhenifRledvAiHsH8MIR0r light naphtha and then filtered with suction through a coarse glass
fritted funnel. The filter cake was washed with 300 mL of light naphtha. The filtrate was split
in a separatory funnel and the lower dark layer was separated off. The upper organic phase
10 was stripped in vacuo (90° C water bath, <15 mbar vacuum) to afford 1119.11 grams of a
yellowish oil (86.9% based on the combined weights of the alkene and salicylic acid). The
alkylation product had an acid value of 133.8 (87.3% of the theoretical value of 147.40).
Example S
Salicylic acid monoalkylated with 10:10:80 wt% mixture of I-tetradecene,
15 1-hexadecene, and 1-octadecene
In a manner similar to Example 2, salicylic acid (829.04 grams, 6.0 moles), 1-
tetradecene (152.89 grams, 0.7783 mole), 1-hexadecene (152.81 grams, 0.689 mole), 1-
octadecene (1222.60 grams, 5.447 moles), and methanesulfonic acid (173.02 grams, 1.80
moles) were combined in a three liter resin kettle. Under nitrogen, the suspension was
20 brought to 130° C with stirring and kept at 130° C for a total of eight hours. The cooled

reaction mixture was diluted with 500 mL of n-heptane and the solution was filtered through a

coarse glass fritted funnel.

16



coarse glass fritted funnel. 16 WO 2004/ 041766 PCT/ US2003/ 033498 Exanple 6
Salicylic acid nonoal kylated with 1-tetradecene Exanple 2 was repeated in a
two liter resin kettle with 388.84 grans (2.815 noles) of salicylic acid
and 580.49 grams (2.956 noles) of 1-tetradecene with 57.81 grans (0.60 nole)
5 of anhydrous nethanesul fonic acid. The suspension was heated and stirred
under nitrogen for 24 hours at 120 C. The catal yst was renoved b _mas%ing

t he product w t WON&/H¥er of water, followed by strippi nd’cngSé%W&Bﬁ der
reduced pressure. A dark red-brown oil was obtained (910.66 grans, 93.9%
based on the conbi ned wei ghts of al kene and salicylic acid). The resulting
product had an acid nunber of 112.0 (66.8 % of the theoretical val ue of
167.7). 10 Exanple 7 Salicylic acid nonodxkmpktéed with 1- decene Exanple 2
was repeated with 414.72 grans of salicylic and (3.0 noles), 441.91 grans
of 1-decene (3.15 nol es) and S8Bcyhb acjd anmogtkylnetl iwdtiek tétfadecemeaci d (0. 90
nole). The m xture was heated at 120 C under nitrogen for 24 hours. The
resul ting product waxaslpleQtved repebtbd RQQwd Stentes@fkeltie Gith 388 PM ghatnsqn.d13 felss)toie
| ower dark col ored phase was renoved in a separatory funnel. The upper

phase was stri pRgeehcidMdvaB0Uoigfankqe uss 78Ies)6f MadiRdeddad With 101 plaak (0.5@GUIK)M
to afford 856.6 grans of a dark oil (99.9% based on the conbi ned wei ghts of

ST, 22 b T R BBk 1%
24 hours at 120° C. The catalyst was removed by washing the product with one liter of water,
followed by stripping at 90° C under reduced pressure. A dark red-brown oil was obtained
(910.66 grams, 93.9% based on the combined weights of alkene and salicylic acid). The
resulting product had an acid number of 112.0 (66.8 % of the theoretical value of 167.7).

10 , Examp’le 7
Salicylic acid monoalkylated with 1-decene
Example 2 was repeated with 414.72 grams of salicylic acid (3.0 moles), 441.91 grams
of 1-decene (3.15 moles) and 86.55 grams of methanesulfonic acid (0.90 mole). The mixture
was heated at 120° C under nitrogen for 24 hours. The resulting product was diluted with 200
15 mL of light naphtha and then the lower dark colored phase was removed in a separatory
funnel. The upper phase was stripped of solvent in vacuo (90° C water bath, <10 mbar
vacuum) to afford 856.6 grams of a dark oil (99.9% based on the combined weights of alkene
and salicylic acid). The product had an acid number of 189.8 (94.1% of the theoretical value

of 201.5).
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WO 2004/ 041766 PCT/ US2003/ 033498 Exanple 8 Salicylic acid nonoal kyl at ed
with 1-octene Salicylic acid (414.89 grans, 3.0 noles), 1l-octene (353.5
grans, 3.15 noles) and nethanesul fonic acid (57,63 granms, 0.60 nole) were
conbined as in Exanple 2 in atw liter 5 kettle and warnmed to a target
tenperature of 120 C under nitrogen positive pressure. The reaction m xture
was heated and stirred at 120 C for a total of 24.5 hours. ht napht ha
(200 mL) was ad¥HR%P¥M1KE reaction product, which was then 'fq"lg'f%POé@ s h
suction through a coarse glass flitted funnel. The filtrate split into a

| ar ger upper phase and a | ower darker phase containing the catalyst. The
upper phase was stripped in vacuo (90 C water bath, <10 nbar 10 vacuum to
provi de 755.7 grans of the al kyl ated sal iExyipke &cid as a brown oil (98.4 %
based on the conbined weights of al kene and salicylic acid). The product
had an acid nunmber of 211.2 (Sdic¥fio sfid mbrodlkdatedmiithal-octaleue of 224. 1).
Exanpl e 9 Salicylic acid nonoal kylated with a mxture of C20, C22, and C24

a-ol efins 15 Sali cylSalicyB€aditi (44445 gGn@! B0Eoles), DoBRhESS3 .5 @rddlsENs %Ies;?aed C22,
and C24 a-ol efins (908. 82 grans, 3.15 noles), and nethanesul fonic acid

(86.82 grans, OnQfanBRiEdic 464 @7@@&@@6@%ole?we@%%in@d251h@x§mﬁl¥‘@1ﬂdttv%rhtéres' n
kettle. Asthelxoefln was a waxy solid was warnmed to a 120

target t e er atl{é( tfe aHE'%fmé&'t%% %&! t%&e ePAHL of foob Ud?lgeﬂmééﬁgé&ﬁw% o %&{Pw Aame

nol t en, en stirring was reaction mxture
(ol or 2274 Taug il eeapet‘aané; ST LSS
Limel e uoRsto SLGSA. 5 las r“e‘?ée*%?&ﬁ%&@%ﬁa%@em@tw@ il 5
nbar vacuum to pr Ovllas‘é%lt%ezdgfgnn%lS 'ﬂleaﬁrlﬁatg .I 11{'Jl mgag llgr %ro 1|1 Otare dhageI elnd a (?vZergda:ﬁ)erb ahsased
on the coarse g p ger upper p p
containing the catalyst. The upper phase was stripped in vacuo (90° C water bath, <10 mbar
10 vacuum) to provide 755.7 grams of the alkylated salicylic acid as a brown oil (98.4 % based
on the combined weights of alkene and salicylic acid). The product had an acid number of
211.2 (94.2% of the theoretical value of 224.1).
| Example 9
Salicylic acid monoalkylated with a mixture of C,,, C,,, and C,, a-olefins
15 Salicylic acid (414.76 grams, 3.0 moles), a blend of C,,, C,,, and C,, a-olefins (908.82
grams, 3.15 moles), and methanesulfonic acid (86.82 grams, 0.90 mole) were combined as in
Example 2 in a two liter resin kettle. As the c-olefin was a waxy solid, the blend was warmed
to a 120° C target temperature under nitrogen without stirring until the olefin became molten,
then stirring was begun. The reaction mixture was heated for a total of 22.4 hours at 120° C.
20 The reaction product was diluted with 500 mL of water and 200 mL of n-heptane and the
phases split in a separatory funnel. The upper organic phase was washed three times with 300

mL portions of water. Then the organic phase was stripped in vacuo (90° C water bath, <10

mbar vacuum) to provide 1295.85 grams of a dark colored oil, (97.9 % based on the
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18 WD 2004/ 041766 PCT/ US20031033498 conbi ned wei ghts of al kene and
salicylic acid). This material solidified overnight to a cream colored
solid. The product had an acid nunber of 97.0 (77.6% of the theoretical
value of 125.0). Exanple 10 5 Salicylic acid nonoal kyl ated wi th propyl ene
trimer (nonenes) In a manner simlar to Exanple 2, 414.50 grans (3.00 nol es)

of salicylic acid, 398.32 grans (3.15 noles) of propylene t enes)
and 86.67 grams 2O Efe) of rmethanesul fonic acid were éﬁ§¥§@85?%&a t Wo

liter resin kettle. The suspension was stirred and warned at 120 C for 23
hours under nitrogen positive pressure The reaction product 10 was al | owed
to cool, diluted with 300 nL lig hen the reactor contents were
filtered with sHEOIEH “tergr"a@&ﬂk%ve@a%ﬁa@evhr P?“?)t éférlsgraéegel BIEHAEP VUM EDP 2 530t he
filtrate was diluted wth 500 nL of additional ht napht ha and 200 m, of
water in a sepasodaredt spliflyhpreproduph bad angeid nuppbeyQhP L0 p%aﬁs/eoﬁ\ﬁls thepeetical veligppfed i n
vacuo (90 C water bath, <10 nmbar vacuun) to afford 774.88 grans of a dark
vi scous oi l (95H§196based on the conbi ned weights of al kene 15 and salicylic
acid). The final alkylate had an acid nunber of 230.4 (87.4% of the
theoretical value of 263.6). Exanple 11ESahple¥dic acid nonoal kyl ated with
propyl ene pentanmer Salicylic acid (414.41 granms, 3.00 noles), propylene

pentamer (662.96 grans, S?arilﬁi&&imbﬂaa)rqmadwnﬁbhﬁﬂ%uInfimar@oﬁ@x’te@)(86-48
grans, 0.90 nole) were conbined as in Exanple 2 in a two liter resin

kettle. The suspensiig nWager WHilAEE Fhmple8, 424150 brasl @b o) #3al Wa':cldm%2
nitrogen. The cool ed, dark reaction product was diluted with 5
n-hept ane and té}ft‘nﬂs (3.15 moles) of propylene trimer (nonenes) and 86.67 grams (0.90 mole) of
methanesulfonic acid were combined in a two liter resin kettle. The suspension was stirred
and warmed at 120° C for 23 hours under nitrogen positive pressure. The reaction product
10 was allowed to cool, diluted with 300 mL light naphtha. Then the reactor contents were
filtered with suction through a coarse fritted glass Biichner funnel and the filtrate was diluted
with 500 mL of additional light naphtha and 200 mL of water in a separatory funnel. The
upper organic phase was then stripped in vacuo (90° C water bath, <10 mbar vacuum) to
afford 774.88 grams of a dark viscous oil (95.3 % based on the combined weights of alkene
15 and salicylic acid). The final alkylate had an acid number of 230.4 (87.4% of the theoretical
value of 263.6).
Example 11
Salicylic acid monoalkylated with propylene pentamer
Salicylic acid (414.41 grams, 3.00 moles), propylene pentamer (662.96 grams, 3.15
20 moles), and methanesulfonic acid (86.48 grams, 0.90 mole) were combined as in Example 2 in
a two liter resin kettle. The suspension was warmed at 120° C for a total of 23 hours under

nitrogen. The cooled, dark reaction product was diluted with 500 mL of n-heptane and then

filtered through a coarse glass fritted Biichner funnel with suction. The filtrate was a two-
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filtered through a coarse glass fritted Buchner funnel with suction. The
filtrate was a two 19 WD 20041041766 PCT/ US2003/ 033498 phase system The

| ower, catal yst, phase was separated off and the upper organic phase
stripped in vacuo (90 C water bath, about 30 nbar vacuum to afford 1065. 74
grans of a viscous dark oil (98.9%yield based on the conbi ned wei ghts of
al kene and salicylic acid). The product of the al kylation -,
nunber of 158. OVQ9®¥8YJ%f the theoretical value of 5 161.078ﬂﬂﬁ%€%§%ygf t he
many changes and nodi fications that can be nade wi thout departing from
principles underlying the invention, reference should be nmade to the
appended clains for an understandi ng of the scope of the protection to be
af forded the i RUBKREYSET: Dy lewe fatelysiphiaseives sqpajatad ot agd the upperorgpaisphaseor t he
production of alkyl salicylic acids conprising reacting salicylic acid wth
an ol efi n havi sgivaed eaeo POUE veker bk ahew 3L mbar \éﬁcw%)tteaff@rédﬁ@{%& grems pia t he
presence of a pertluoroal kyl sulfonic acid or an al kylsulfonic acid as a
catal yst. 2. Thecprdedkgs! (88.9% vadldrbasedwrethe combitred vesaghtsl of stkenerand dligylicaaid). The

met hanesul fonic acid. 3. The process of claim|l wherein the olefinis

sel ected from phelugrale alotesios hadap aid numbelnitl §8.6 (B8, 5% oty theoretital vaieer of

propyl ene tetramer, 1-hexene, |-octen, 1l-decene, 1l-dodecene, |- tetradecene,
| -hexadecgne, 1b1.opctadecene, | -eicosene, |-docosene, | -tetracosene, and
m xtures of the foregoing. 4. The process of claim2 wherein the olefinis

sel ected fromthe gfPHEw 6PIE by EHingk and HORMaMbRNBat cBI RIS RBthbikti deRdring
propyl ene tetramer, 1-hexene, 1-octen, 1l-decene, 1-dodecene, 1-

from principles underlying the invention, reference should be made to the appended claims for

an understanding of the scope of the protection to be afforded the invention.
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tetradecene, 1-hexadecene, | -octadecene, | -eicosene, 1l-docosene, |
-tetracosene, and m xtures of the foregoing. 5. The process of claiml
wherein said el evated tenperature is at |east about 50 C. 6. The process of
claim5 wherein said el evated tenperature is in the range of from about 120
to about 160 C 21

CLAIMS

What is claimed is:

1. A process for the production of alkyl salicylic acids comprising reacting salicylic acid
with an olefin having at least four carbon atoms at elevated temperature in the presence of a

perfluoroalkylsulfonic acid or an alkylsulfonic acid as a catalyst.

2. The process of claim | wherein the catalyst in anhydrous methanesulfonic acid.

3. The process of claim 1 wherein the olefin is selected from the group consisting of
isobutylene, propylene trimer, propylene tetramer, 1-hexene, 1-octen, 1-decene, 1-dodecene, 1-
tetradecene, 1-hexadecene, 1-octadecene, l-eicosene, 1-docosene, 1-tetracosene, and mixtures of

the foregoing.
4. The process of claim 2 wherein the olefin is selected from the group consisting of
isobutylene, propylene trimer, propylene tetramer, 1-hexene, l-octen, 1-decene, 1-dodecene, 1-
tetradecene, 1-hexadecene, 1-octadecene, 1-eicosene, 1-docosene, 1-tetracosene, and mixtures of
the foregoing.

5. The process of claim 1 wherein said elevated temperature is at least about 50° C.

6. The process of claim 5 wherein said elevated temperature is in the range of from about

120° to about 160° C.

21



