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rel ates to novel macronol ecul ar am ne-phenolic
weoishREdsb ons havi ng oxidation inhibition  PCT/US2007/081604
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organic materials normally susceptible to oxidative
degradation in the presence of air or oxygen, such as
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aromati ¢ am nes substituted with one

SuBMARH OF AUHINVENTION] - 4- hydr oxyl benzyl groups; ii)
macromolecular antioxidant
O R b P e hie? o mosromoleeclr,
prcdn@srhwmg propontées eghabeing thgtradelpnesy as mﬂ@gmn inhibitors, especially for
pet?dle%m roHIYcQJ GGaL B’?JS ArerbY ng Vé b?ﬁ%&’ haGbAMBSlar rdbktion product
arofmati ¢ am nes "substitute four
typ&aﬁy cbmmydpmro:amb)yﬂl-) mmy@a@xgﬂ smbwzwd wittowns $;5-dijhydrocarbyl-4-
ne t | _di- 4
R S L L L O e
hyammm)a @dpeesi) saubmtlptamlm anbititnted with three 3,5-di-hydrocarbyl-4-
roca X l.:Gr
R e TR L T e
hy@&ubabeniydt @dupsl v aoomeatio ramm&sesubstltuted with ﬁve 3 5 dl—hydrocarbyl -4~
3, 5-di - hydr ocar byl1- 4- hydr oxyl benzyl groups. The
macr onol ecul ar anti oxi dant products are |liquid at room
tenperatures or solids that felt at |ess than about
100C and are capable of being dissolved in liquid
hydr ocar bon sol vents. [0005] Preferred macronol ecul ar
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Products of the Invention [0008] As noted above, the
macr onol ecul ar reacti on products of the present
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substituted with two 3,5-di-hydrocarbyl- 4-
hydr oxyl benzyl groups. In still other enbodi nents the
anti oxi dant products of the present invention contain
5wt.% or |ess of aromatic?anines substituted with one
3, 5-di - hydrocar byl-4- hydroxyl benzyl groups and
aromati c am nes substituted with two
3, 5-di - hydrocar byl-4- hydroxyl benzyl groups, on the
same basis. In sone enbodi nents, the antioxi dant
products of the present invention conprise greater
than 40m.% in sone enbodi nents greater than about
45wt . % in other enbodi nents, greater than about
50wt . % of aromatic am nes substituted with four
3, 5-di - hydrocar by1- 4- hydr oxyl benzyl groups, aromatic




[0012] In sone enbodi nents, the macronol ecul ar
anti oxi dant conpositions of the present invention
conpri se one or nore conpounds that can be represented
by the followi ng general formula, Formula I: Rl
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hydrocarbyl, R2 is H or hydrocarbyl, R3 & R4 are

3, 5-di hydr ocar byl - 4- hydroxybenzyl, R5 and R6 are H or
hydrocarbyl n is a whol e nunber in the range of from
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alkylated aromatic amines; v) aromatic amines substituted with five 3,5-di-hydrocarbyl-4-
hydroxylbenzyl groups, sometimes referred to herein as penta-alkylated aromatic amines; vi)
aromatic amines substituted with six 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups, sometimes
referred to herein as hexa-alkylated aromatic amines; and vii) one or more methylene-bridged
aromatic amines substituted with one or more 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups. Itis
preferred that the reaction products of the present invention contain less than about Swt.% of
aromatic amines substituted with one 3,5-di-hydrocarbyl-4-hydroxylbenzy! groups, based on the
total weight of the reaction product. In other embodiments the reaction products of the present
invention contain 10wt.% or less of aromatic amines substituted with two 3,5-di-hydrocarbyl-4-
hydroxylbenzyl groups. In still other embodiments the antioxidant products of the present
invention contain 5wt.% or less of aromatic amines substituted with one 3,5-di-hydrocarbyl-4-
hydroxylbenzyl groups and aromatic amines substituted with two 3,5-di-hydrocarbyl-4-
hydroxylbenzyl groups, on the same basis. In some embodiments, the antioxidant products of the
present invention comprise greater than 40wt.%, in some embodiments greater than about
45wt.%, in other embodiments, greater than about 50wt.%, of aromatic amines substifuted with
four 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups, aromatic amines substitated with five 3,5-di-
hydrocarbyl-4-hydroxylbenzyl groups, or aromatic amines substituted with six 3,5-di-
hydrocarbyl-4-hydroxylbenzyl groups, all based on the total weight of the antioxidant product. In

the above embodiments, the antioxidant products of the present invention contain in the range of
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wherein RI, R2, Rs, and R6 of Fornula H are
|ndependently IT or hydrocarbyl, R& R are

i ndependent |y hydrogen or a branched or strai ght chain
al kyl containing in the range of from about Ito about
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about 4 carbon atons, and p and q are independently
whol e nunbers in the range of fromabout 1 to about
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1. substantially free of unreacted aromatic am ne
starting material 2. substantially free of the

phenolic starting material 3. substantially free of
aromati c am nes substituted with one

V3) BOgi4889 dr ocar byl- 4- hydroxyl benzyl groupsPET/URMNOE081604
very low | evels of aromatic am nes substituted with
two 3, 5-di-hydrocarbyl-4- hydroxyl benzyl groups, by
very low it is neant within the ranges descri bed above
5. are rich in poly- substltuted aronatlc am nes, by
rich it is nmeant wt ang8s descri bed above 6.
contain aIkyIated nﬁé‘ .Eed am ne phenolic
macronol ecul es. [0018] kn prefer '®d enbodi ments, if

the reaction products of the Bresent i nvention are
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products of the present |nvent|o can be made
avai |l abl e for use o 2 conpositions for
use as an anti oxi dant gani ¢ substrate
material normally sus DoXi dati ve
deterioration in the presencelof air or oxygen. In
this usage, an antioxidant quantity of a novel product
f.this invention_can be ded. wth the subst
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formy dconpositions of this invention constitute
another way of pro ectln%Vsuch organic materi al
agai nst premat ure igxi dat i iqration in the
presence of air or en adapted for use
as an additive inoi reacti on products
of this invention [can aqpar;malﬁy filuted or
di ssolved in a base oil or process oil, or
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o, dispersants, detergents, anti-wear tives,
forrre»h r larthesp embediments gefihtaf esone s rrrroeﬁsmwowﬂﬁucm bayleéhc Jatps tor
diff%ém b&is{lt‘a&ﬁs foF ﬁ', Rt,'Ro kRS dé 'R% faitd Ql?w Ak Blt m re c?mpounds can
epressants, VISCOSIt ex no iers, lers
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inveptien contamoneorgford, he&eblyawp oneat somamnderepre@died by the bdlogiag
gémerg%tl /e bl ends with one or nore of tne_reaction
% of this invention. Al so, additive
conp05|t|ons for use in |nternal conmbusti on engi ne
oils, railroad and nmarine’ | ubricants, natural gas
engine oils, gas turbine oils, steam tur bi ne oils,
avi ation turbine oils, rust and oxi dation oils,
hydraul i c fluids, conpressor fluids, slideway oils,
guench oils, manual and automatic transm ssion fluids,
gear oils, greases, etc. can be forned by bl endi ng
one or nore of the reaction products of this invention
with a diluent, solvent, or carrier fluid and/or one
or nore other suitable additives. The additive
conpositions of this invention adapted for use in oils




[0022] The lubricating oil used in these enbodi nents

of the present invention can be mneral, synthetic, or
a blend of mneral and/or synthetic |ubricating oils.
These oils are typical industrial or crankcase
WQ08/84880n oils for gas or steam turbi nes, PCT/US2007/081604
transm ssion or hydraulic fluids, spark-ignited and
conpression-ignited internal conmbustion engines, for
exanpl e natural gas engi nes, autonobile and truck
engtgaegamari ne, and railroad diesel engines. Mnera
l'ubricating oils can be refined fromaromatic,
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md%QQ 4kt Phydrden @;bepMEnc%Jd &‘Sﬁra@ﬂt c%gggiky][cg%r?ﬁ]ngp\q g"letrén\é@ of from

05|t|ons adapt ed use in formng
aboeblrﬁp eksiut § earkpng profirably mﬁvemgr: offrqueabgut 1 tg ab,%ir 4 ?Pé‘@n atoms and
| I I
P S I B PR B Pl A8 s
is altqwtaﬂtelt shaatd banetedteptdethe mepuemelpaquipr efioddat eompagticns effthe pesent
mvénggﬁsdn% REAHRE LS. & Bv{ﬂ-ld%ﬁ RO GR, O0h bPmb Wpaogﬁapcsﬁ h@bthe
tive conposition o IS 1 nvéntion conprising at
samie @a diffesnecangitedntsdonPo Badsofndthhi B apdieand ensh pbie ohepr more
i t as detergents,
conffobits Pl 00 IRken LA b e SR 25 P17t ore,
neﬁhhndeﬁhtlvators, lubricity agents, pour point
depressants, cetane or goctane inprovers, antiknock
agents, anti-icing agentsf" etc. The substrate fuels
can be derived from pét yfh or can be synthetic
fuels, or they can be bl s of both such types of
materials. The anount of esegflew cofpositions in an

M%qmmSM%
to 95 wt % based on tf ‘ ® t additive
bl end, depending on t d nuiF .0t her

conmponents in the bl end.Rs5[ 0024] quU|dF%ue
conmposi tiops gf this_igven Bre typically forned by
bl endi ng ah an 'y of at | east one of
the reacti " , vention with the fuel
ei ther as single additive {conposition (i.e
cont ai ni ng no other type(s) fuel additive) or as an
addi tive concentrate conpr g of at |east one of the
reacti on products of thi & infverftion together with at

| east one other type of fuyel®Hadditive. The additive
concentrates of this invertion thus can contain in the

r angereiRiakiBe Rs. R.R'atibthe syBe st dpcsibedabore asd p aet ag¢ whole

nu b@x@ ahf 243({ isG8 ﬂﬁrrﬁ}%g %Eﬁoﬁfab&ﬂ']sto LBMEM. | RRhould E@n&t@ﬁhat if the
al anc o 100 wm el ng one or nore other additives

and optionally, a diluentg solvent or carrier fluid,

all based on the total weight of the additive

concentrate. The finished fuel conpositions typically

contain an antioxidant quantity in the range of about

0.0001 to about 0.1 w% and preferably in the range

of about 0.001 to about 0.05 w % of at |east one of

the reaction products of this invention, all based on

the total weight of the finished fuel conposition.

[0025] It will of course be understood that on

bl endi ng one or nore of the reaction products of this

invention with a liquid substrate fuel or oil, the




concentrate. Concentrates typically contain 5 to 50
wt % di l uent oil; *Additional antioxidant(s) as one or
nore additional optional conponents: 0.01 to 1.0 wt%
as pure conponent or concentrate. Concentrates
WO/ WBIY contain 25 to 90 w % di | uent oi | ; PEAHEPPH§HI04
additives as one or nore optional conponents used in
anmounts sufficient to provide the intended function of
the additive(s): one or nore friction nodifiers,
maSRPL &I rbhﬁém@am bomR&tioAdH th ¥RSmt #Vhtioh QBRLAIRIE Shan one
seal swell ents, enulsifiers, demulsifiers, extrene
conpnoegftﬁfemaw t qagheaf thesompaysiisman have thsisanes o diffgrenigponstituents for
R, TEAE E'lglef[s;c’R aﬂﬁtRal and SR L YRLAE § m@l@@? ?%Lﬁlh'sstgan have the same or
_|nh|%|tors | east one prod, I'S I nventlon:
diffprent valesfonp %dcw th the bal ance to 100 wt % conposed of
0
[Oﬂgélqb}gglsmggggtgﬁgﬁc %kLl%d ) t% al\{}étﬁgt m@%ibgﬁ}?i%élﬁgt%??slﬁ{)\bﬁé gajglu
L, lcgutlHiirfongswl tepaekdiationa@dy angitiee all{)(D aRBihemilis oubptitotiond @y bake
pla:%eh) %{1 LS abl%%g%% %lte%%" gle aﬁq IDOSLL)ons conprised of at

one rea 'S invention conbi ned

[00WiJtSeme ndnHimaiting @asiple@mpm[ﬁt\cempmmdaﬂeplmemdéb}etﬁe hoenddscrtbed
fo ﬁqt|OX|dant 2) at | east one conventional alkylated
rmuias arc
enyl am ne anti oxi dant 3) at | east one
organonnlybdenun1conpound 4) at | east one al kyl at ed
di phenyl am ng~and at | east one organomng
| east one phosphor uswf 4




9) at |east one sulfurized antioxidant, EP (extrene
pressure) additive or anti-wear additive 10) at |east
one conventional al kyl ated di phenyl am ne along with at
| east one (i) sulfurized antioxidant, (ii) EP
V0894882 (iii) anti-wear additive, and (i vPCT/US2007/081604
or ganoboron conpound. 11) at |east one base oil or
process oil. It will be understood, that it is within
the scope of the present invention, that the
conpositions described in this paragraph can contain
any one of 1)-11) or conbinations of any two or nore
of 1)-11). Pcasses for Forming the Products of the
[ g The ngcronol ecul ar reaction products
oh can be fornmed by, for
agts: (A a sterically
-2, 6-di hydrocar byl phenol ,
\ ~hi nder ed
o'alkylphenol and nore preferably,
geHt ert butyl phenol in which the
et hoxymet hyl or net hoxynet hyl,

met hoxynet hyl-2, 6-di -tert-butyl phenol; or
dered 4- hydroxynethyl-
2, 6- dlhydrocarbylphenol preferably a sterically

th I
[00 pér] DI?)g armglgru armf) dHé;/ ;I?;n)l(s lérff.fg{lﬁdn sugllx % lg%é c{%@c?xgg%b?v%rbq%f%ﬁlﬁ have
bo:lmmaom(sa) atabsﬁheaaircsameofar Imuoat 186Cn & hdvamnibergr mvnragmnnber of

2,6 \%ﬁly%ﬂca?qylg JF gly rrméy o%zty{ 4%u%]£ gr e pr?du,rougog%lslmr\]lertltmg cgmvag/c g#e%dmg
upob tededberi loftgﬁlace@lﬁie l‘imltdgan Aaortls dnalid digstrad rldhaaﬁiatlcmrg Eqrrlemrye

in t}ﬁ cpse 05% @e&?]gr%d}es sf1laii,e an {;] ar rmgh}ha Sl%p q}lil"gxcﬁeg'\%—la(m %l‘gﬁ group

confaiitripCin thatreigs pf 3 mrabdne 4 ¢aﬂ1‘0yl anlfﬂsnﬂhc gurotepofuRDstitited lmsemmhls
ndependent drocar rou nt ai
sing b R APSEO EUES  hereas e et Pafde M
of m&hydﬁddafb&l’ Y hpdro:yBaay Geduys aiha dipiédlapiineQings of a product of this
' ast one repl aceabl e hydrogen

. __Wherej .B). (a) has t I

m"eﬂlwaﬁﬂé %’iyft@%? ﬁ‘@?t%r& an f'(e"B) i s substituted by one or

[00 1T N€sobfe@MB LGl wemaaﬂowlecgmu@@maaqiaodnavm@ prersertt hﬁentlon
out rbon atons and

can iy afﬁ%éa%éyfafa Btk P LB AAONE fe%wi &) e, e

pref@tﬁbl‘y@ﬂ@fﬂhb’folllaﬁﬁlg@l‘t@)erﬁés nmore additional al kyl si de
chains each having in the raq&g of 1 to.about 3 carbon

bt gphstantiadeydtsy of ypr fé&t&%afw%é’gg Aring ARG’ (A) s

@Ofﬂfﬂisﬁﬁﬁbmﬁfxfeboftﬁ@ﬁﬂeﬂéﬂc staBingintutdrAE pr esence of (C) an
al kyl ation cataly and optionally (D) an or
%ms%ﬁﬂtlaﬂvhﬁ%c %.amatjc &m#f@écst"i’%‘wt‘ﬁy H&h&net%# Y§f°°afbyl-4-

SUinl@btyhefsyl cRIRNG Ot her things, an antioxidant.
Cbnponent (A U?%OBl] The sterically hindered

4- &hveo el ofgarein iy dibres SBYA e B 3,5-di-hydrocarbyl-4-
4-y &Bﬁméﬂﬁn F%lp@bﬁvm%mmg REa RthRRRNS ges W36 Hhe@roRe
reactant rocesses of this invention can be any
bf awg nich| fatnoweauystmaﬂb@orgﬁt&uwn@@s & s il gneanthwithin the ranges
hy dLQGaR¥dvedr oups in the ortho positions relative to
the carbon atom carrying the hydroxyl group can be any
uni val ent hydrocarbon grogip with the proviso that the
resul tant substitution in the 2- and 6- positions

provi des steric hindrance to the hydroxyl group.
Typically, a total of at least 4 or 5 carbon atons in
the ortho positions is required to achieve steric

hi ndrance. Anmong suitabl e hydrocarbyl groups that can
be in the ortho posi tions are al kyl, cycl oal kyl,

al kenyl, cycl oal kenyl, cycloallcylal kyl, aryl, and

aral kyl in which the cyclic noieties, whether

saturated or unsaturated, can in turn be alkyl
substituted. The al kyl and al kenyl groups can be




[0032] Non-limting exanples of suitable sterically
hi ndered 4- al koxynet hyl-2, 6- di hydrocar byl phenol s
i ncl ude, 4-ethoxynethyl-2, 6-diisopropyl phenol,
4- met hoxymnet hy1- 2-tertbutyl-6-net hyl phenol ,
WO W0¥/ees8fet hy1- 2, 6-di -t ert - but yl phenol PCT/US2007/081604
4- hexadecyl oxynet hyl- 2-tert butyl-6-net hyl phenol ,
4- decyl oxynet hyl-2-tert-butyl-6-i sopropyl phenol ,
4- hexyl oxynet hyl- 2- cycl ohexyl- 6- et hyl phenol ,
fé kR AR kh%th%l’eﬁ@ﬁﬁdg@&’&ﬂxhé &eﬁ&lﬁ:ﬁﬁ’e{c%ﬁﬁh@hles
4- propoxymnet h enzy1-6-|sopropylpheno
[0048]dr ﬁr@f@yg@mﬁpﬂu@ng, iffthe yeagtion g@@wt% resent invention are described
%}ﬁvﬂgngfxqkaMg 2,6-di -tertbutyl phenol,
eth Ihexyloxynethyl) 2,6-di-tert- butylphenol and
[005H zilhe g@ﬁq@miqqde«r wom@ﬁ 6PmRosiienpfLithel SresoRt Frvestion cgg also be
des&%@ % %kﬁn% 8{110% rgélhﬁé @Hugggﬁgq\gth high sojubility in engine ofls, as
d%@ﬂedﬁmvche ortho aIkyI groups is tert-butyl and the

og&g&mhﬁpgﬁ AfmyPrS %gmg&ﬁﬁerably tert-butyl and in
has a total of 9 carbon

[0023] Jitrs reaﬁamtprq;!uctapif the p’pé@mgnveetjon a&an be made available for use or sale as

“neé‘i” rrgrtn g?tfc!} L% %s al? raﬁtw@;ﬁ'gaxt in an%&él}ﬁc psﬂ@s%% e’ mi\{prfa? normally
espec pre ert éd
suswtptntét Itrowﬂﬂi\/hw&teﬁqrﬁticdl mttber preEmtey bpaie nobxygp00BBhis usage, an
' | [
antlﬁmﬁana (Iluangl %ﬂo alr% cE\ ogfthnss i Feg%é(g:} ?ép ﬁléﬁﬁ% ‘Lv:tly hhlg lsﬁqbgﬁgtg gmh
as, Bbr hgadnpb)(@/h’mdayﬂg- @l 6hqiue11 ﬁuepa ﬂmyﬁqplaeﬂmﬂo,lymer resin or oligomer; or a
ert- butyl -6-met hyl phenol ,

namialﬁys&m%‘%cn%l% e %a%’mﬁl -tert-butyl phenol ,

(00211 Iydd itex yamedobividns 2 thiivelttivh ydnsrute amtdtehyhyp:lﬁ ptt()@b’qng such organic

mat%r}%é%ﬁng%%%t% %}E’.léatfg)e/ﬁ%t%‘}% ima%l }%‘?%;ﬁ%%zalp ar oxygeh Thus, when
adagted il DX r.’iﬁfaﬂtytlveZn to#y, ondott rydme ceapivanyddobie nf)ih;s invention can be
r oxy 1-2- be - 1 sopropyl phenal .
part G SRR e5ct B i b BT R Sarblende il sthee
conipbiRAeres ap benmbile u® MEOKINE Barie# oprueﬁ@nrs.eﬁxmphbsgfmmxnfthat

e et o B b el ol G B Bt

hqutcﬁiehvéﬂltbﬁly hnd&ﬂﬂbzts&ﬁo@l Bﬁm;ﬂléﬁ oh@hdt yllditves thaldh#® be used to produce

nev&mﬁ %\@ E&k)ﬁ@pﬁa&%ﬂy? l{“@%ﬁ wﬁEﬁVfréa%tﬂ%z}g)%qﬁiy?tg f e{n[e(reqi?{l lB(H%de, but

are ﬂé!telimllte%r% &Eﬂ%&dhtﬂ&l&fegﬁeﬁb@;) ankiSwear addltlves, exireme pressure additives,
4- hydroxyneth -tert-butyl phenol. Conponent gB)

corpeieyBiaibytRys. ik lfﬁrbéfe&sq HigtiqmQdifiers, P BRINT GCRTPESIDE ofiscosety Index

mod¥i @2 EmbBiReS, RiuBRARIIGWANLAS, saquﬁnﬁ@gqetgem lakt 16 £e@Hits, acid
use in the present inventjon. The ar rougs can have

SCAVSPgSTS, meig! dRctivgiors, # rp&ger arglom&ants ortsﬁgyizgran Com Bﬁw pf one or

morB AP etV dompBhdats: cafBE u§cdNo PR ISR LS bRAUSOKith one or more of the
unsubstituted. Each aryl group can have in the range
reacgipn godusts b thésyrinypptien. Adsdberlditive 6oraPAbigRTIaN Hig Inipistmatq@bustion
eng;ﬂ@@n%r ﬁllﬁ@@aﬁ%ﬁ@lu&fm% Bgdukat ggs'eﬁ)%ne%'lﬁ AUGBinE SRS tirbine
ey wll have fromo6 to about carbon atomns.
oﬂssu@zwn tuhirscpilglirph andyaxigationeailsaipydianliofluigs. qogmanssas Heid slidopay
oils rq‘u@&ﬁ oilssmﬁ ?:In'd%ﬁflbﬁgnc%n@m@&ﬁx%ﬁﬁ%ﬁ%ﬁé eAbKYl cg{&%}med
'n the range of to about 24 an préeferably in
the range of 4 to about 1¢ carbon atons illustrate
substitution of this type. [0035] Non-limting
exanpl es of suitable aromatic am nes include
di phenyl am ne, one or a m xture of nonyl ated
di phenyl arni nes prepared from for exanple, propyl ene
trinmer and di phenyl am ne, one or a m xture of
octyl ated di phenyl am nes prepared from dii sobutyl ene
and di phenyl am ne, one or a m xture of butyl ated
di phenyl am nes prepared from i sobutyl ene and
di phenyl am ne, one or a m xture of styrenated
di phenyl am nes prepared from styrene and




[0037] The processes are carried out in a liquid
reacti on nmediumthat can result fromone of the
reactants being a |iquid under the conditions of the

al kyl ati on reaction, or which can result fromuse of
VEh2008{@489390r gani ¢ sol vent. Non-limiting examBf&ySyp7/081604
organi ¢ sol vents which can be used include, for
exanpl e, acetic acid, propionic acid, one or nore
hexane i soners, one or nore heptane isonmers, one or

by BRAENOEE AP BroteSTTRS 1BactiON fro@icts BT iEs HOSHADE Hith raﬂdmérhf 861vaH, or
one or nore of the al kane sol vents such as th

carfigs FRhINdET ors 81 BeFE PR suitaRle pYiENsE | Shiedddiive C%P‘W‘P’é%%f this
mvéﬂtﬁﬂ hpiedlfr ud¥Bt 8N Rndin iPHONhERT 5 Rk PRl nBlinaBn the

2-di chl or cet hane, 1, 2-di bronoet hane, chloroform

nuw Bt eher componente tht blendebased srothe tOéw\wrghh@ft%addmve

confdosiiof. HHiPm m&t@@ln%%@is\saﬂk%%ﬁh waBeohfA aﬁlgﬁtﬁﬁmaﬁqumﬁ%fa
one or a mxture o al kanol s such as net y al cohol

proghch ¢f thig invemrion, whighppaipt vpisgley s fleastigbqyyt 8pyttYapetsbly, at least
ab oﬂf p\W%’ Llndarh&@ Fx@ferab%@ Tekd BB Savlzt“%) BRkd orl RORK \Wzlﬁ}ﬁ |0Ptﬂ@f?rlushed

m{ hexyl "al cohol, octyl alcohol, and l'iquid
lubmatmg) rRepeiding mehr: b’g@ aserviok &nahich theril of ibrientingrigiseosity is
1nteﬁ&éaetrh§ arh&dﬁ?otql?]egf t o?t}pse\ﬁvsenti&ﬂt Q%Vtgérg& Hft}?ep acébfg)eﬁ@d?@ve or
m xtUres thereof. In some e I nents, sol vent
as amsdfé\tlmmmg@arob@ﬂntsloina ertor more qblee ﬁ@mnoe@htse\niﬂdmrwﬂh besno more
e racti ce of the present invention.

ﬂmx&%uﬂﬁ‘“?%%ﬁ?@f%ﬁﬂmm '0038] The processes used to

[0027] Gdte bibricdieg pibused rrothese winhedimedodf] thﬁrpr@mdmmtgm@fm bermineral,

syn{ﬂg’f(ie gxrgltblelnﬁl Xﬁ%&ér&@n%ﬁsﬁ%&icqgncéélng g&r g’?nl%sggﬂ?%e %E‘%l ?%iustrial

or cadnb@se lllﬁﬂ)@mrolh |fglms or staamswhmeemmlsmembshydtahléc fluids, spark-
1ngek()i 9% cso%%%séalgne- é?‘ﬂ‘%@dq tlemaL comijlﬁ gml} %{1 nes (%rr%%(:r}ngepm % ]t%fraseesngmes
autlnbile an‘liﬁﬁék ergmeh mghesr, andTrhﬂromd’ﬂleEltenglsesh é’hmél Ilbaivating oils can
be rgfllneg grom aroma Lch %%)h%h?lg I%Eaﬂb rtl.ni::gg)r agfrmc rrrn?xséd gvalfs Hudbs. 'H}G‘?L%rlcatmg

ucli ng e Iea
oils p&mldilﬁdhﬁateﬁr Itehaiali) hﬁs&nhg oifsyesnll asdbx. exEmplb,H:eight stdalg, or blends of

the ?ivegvg%u gﬁedeoase stoc}é nglsgg ;%{*ﬁp%:ﬁt%ito ngtl%e baﬁF g? d can be (i)
alkyp eQere eﬁdlmlfoey]ﬁcamdﬂj pol)@ﬂ}dole httSalo:chms,l (@} paﬂp-alpﬁ:nolbms mcludmg
revi o

poly@ﬁ%ﬁe&ﬁm) gl?%iz»enz%tge?sr(gg g{g!ﬁﬁgggste‘%qoé Rf’lonehorlc ac1dsp or(v) povysill i¥one cils.

TheBafe-ofl ityplellst rab Wi igdosidy dTebduOX waBIUN Y3 (Hh eRiIgireferably sed: 25to about
g{g, % e reaction tends to initiate relatively rapidly

1T ozfat/1B tenperature, (about 23C) until about one

[008q Wdﬁﬁb@ﬁ&m@@n%ﬂﬁac@pt@d for use in forming hquid fuel compositions of this

di-tert-but 4- met hoxypet hyl phenol has been consuned,
invepi{ot & &5 gasp! "}ICP ées! dugdy Jebtiels: éﬁ%ﬁ’grbfpé’ %Sf‘%‘bé%‘éf efrocaR QIR by

blenamé HERRGER G ?ﬂ'cbtvid}ﬁ agkelif hroMBibx LR LAHE 08 ¥nd B eetse §fAhdd@action
plied. and dltlonal cat al yst . enpl oyed.  However,

pmda*sts AT i & ertiopepetorrp akan adidve C@Fié%“ﬂté’i“ 01“ Wéﬁﬁ“"&@f@” cpRprasing at

least ﬁ@%te@ﬁb ﬁ@@fdtﬁxs RARERioh 3 fldiviBNhe bPMSrc CRTPARIHVE) sttt s
be reached in shorter periods_of tine. [0039] Wt h

deteraspiercanign fuidsgdemusifiesn eaToRIARINBILILYS IMAh deck oS, é@ﬁ‘f‘ﬂ@ﬁents
pouffYnt Br&ORH %faﬁgor%@ﬂﬁer inBFoRES WhBmo N aghdi€ afiRRET QMY The
be conducted in the presence of a coollng condenser .
In nost cases, the reactiygn results in alkylation on
an activated, electron rich ring. In sone cases,
al kyl ati on may occur on a nitrogen atom [0040] The
i nventors hereof have discovered that by varying the
relative nolar ratio of (A to (B), one can produce
vari ous nmacronol ecul ar reaction products, as descri bed
bel ow, that find use as antioxidants. In sone
enbodi nents, (A and (B) are used in a nolar ratio of
(B) to (A in the range of fromabout 1:1 to about
1: 10, preferably in the range of fromabout 1:1 to
about 1:7; in sone enbodinents, in the range of from



WO 2008/ 048989PCT/ US2007/ 081604 base oil and wherein
2,6-di-tert-butyl - 4-nmet hoxynet hyl phenol al one was
bl ended wi th another portion of the sane base oil. The
results of these tests are sumarized in Table 1.
WO2008048982  Ant j oxi dant Effectiveness of Addi PET/BR0§78604
Lubricating Gl at 160C and Under 500 psig Oxygen
Pressure Additive OIT at 0.5 wt% (m nutes) OIT at 0.75
wt % (m nutes) NDPA only 107 124 2,6-Di-tert-butyl-4-

subﬁteqﬁgiy TRLOYdROEAGL pén%leqngx%r can be synthetic fuels, or they can be blends of
both such types of materials. The amount of these new compositions in an additive blend of this
invention can vary from 5 wt% to 95 wt%, based on the total weight of the additive blend,
depending on the type and number of other components in the blend.

[0024] Liquid fuel compositions of this invention are typically formed by blending an antioxidant
quantity of at least one of the reaction products of this invention with the fuel, either as a single
additive composition (i.e., containing no other type(s) of fuel additive) or as an additive
concentrate comprised of at least one of the reaction products of this invention together with at
least one other type of fuel additive. The additive concentrates of this invention thus can contain
in the range of about 5 to about 35 wit% of at least one of the reaction products of this invention,
with the balance to 100 wt% being one or more other additives and optionally, a diluent, solvent
or carrier fluid, all based on the total weight of the additive concentrate. The finished fuel
compositions typically contain an antioxidant quantity in the range of about 0.0001 to about 0.1
wt%, and preferably in the range of about 0.001 to about 0.05 wt% of at least one of the reaction
products of this invention, all based on the total weight of the finished fuel composition,
[00257 It will of course be understood that on blending one or more of the reaction products of
this invention with a liquid substrate fuel or oil, the reaction products of this invention may no
longer exist in exactly the same composition and form as they were upon addition to such
substrate fuel or oil. For example, they may interact with one or more of the other components in
the fuel or oil and/or they may complex with or otherwise change by virtue of becoming
dissolved in the substrate fuel or oil. However, since the finished fuel or lubricant possess
antioxidant properties because of the addition thereto of the one or more reaction products of this
invention, the possibility of such transformations upon dilution in the substrate matters not. What
matters pursuant to this invention is that whatever is formed upon such dilution is effective as an
antioxidant. Consequently, expressions such as “containing in the range of”, “in”, etc. with
reference to at least one of the reaction products of this invention are to be understood as
referring to the at least one of the reaction products of this invention as it existed just prior to
being blended or mixed with any liquid fuel or base oil and/or with any other component.
[0026] Tt will also be understood that the amount of the reaction products of this invention in a

finished lubricant will vary depending upon the lubricant type, the identity of the one or more

11



Product of this invention (Ex.1) 135 157 OIT

D fference Over NDPA 28 33 Percent Effectiveness Over
NDPA 26% 27% EXAMPLE 2 [0046] A three-necked

round- bottoned fl ask was equi pped with an addition
WQRep4898mgnet i ¢ stirrer, tenperature probePCHYH087/081604
condenser. Di phenylam ne (0.02 nol, 3.49g) was

di ssol ved in dichloronenthane (20 nlL) and sulfuric

acid (10 nL of 80% was added at roomtenperature. A

rea&fah tlhfoh&?s 4 Ehls%mgé)nﬁién bteﬁﬁ biseRUhY the ées%lt%ﬁfﬂ@ﬁﬁﬁh@&%&med For

chl oronet hane (60 nl) was added
exaaw ler ine rrbingnik lemlmféleamtum redygi9) of this prwprtian sfteyayfrop about

0. o{*ﬁ/ dawtit @%}% bA&d%ﬁ %ehs&mvagﬁt%@%lf%hm%ﬁfé AUERGvd N8 an

tiron o the I rst equival ent of
engite 8il devetsdyricabiyvars fram abrat 13 Joyabeutrwthiabased on theotal weight of the
i
R N
on tﬁ¢ Btativeitlgiof thb uwihosphmm ¢ragiog ot Inphpdnberod-fregpnginovijsiees gay
g
o b iy 206, LPATLREn K S BhL O .
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lubricating viscosity with which has been blended an antioxidant quantity of at least one novel
product of this invention is utilized as the lubricant. Still another method of this invention is a
method of improving the oxidation stability of a lubricating oil, wherein said method comprises
blending with a lubricating oil an oxidation stability improving amount of at least one reaction
product of this invention. In this way the oxidation stability of the 0il is significantly improved,
as compared to the same oil devoid of a reaction product of this invention.

[0027] An example of an engine oil composition of this invention is formed by blending together
components that comprise:

*Detergent: 0.5 to 5.0 wt% as pure component or concentrate. Concentrates typically contain 25
to 90 wit%e diluent oil;

*Dispersant: 1.0 to 10.0 wt% as pure component or concentrate. Concentrates typically contain
25 to 90 wt% diluent oil;

+Zinc dialkyldithiophosphate (ZDDP): 0.1 to 1.5 wt% as pure component (with the lower
amounts being preferred); '

*Viscosity Modifier as an optional component: 1.0 to 15.0 wt% as pure component or
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Processes for Forming the Products of the Invention

[0029] The macromolecular reaction products of the present invention can be formed by, for
example, using as reactants:
(A)  a sterically hindered 4-alkoxymethyl-2,6-dihydrocarbylphenol, preferably a sterically
hindered 4-alkoxymethyl-2 6-dialkylphenol and more preferably, a 4-alkoxymethyl-2,6-di-tert-
butylphenol in which the alkoxymethyl group is ethoxymethyl or methoxymethyl, and still more
preferably,4-methoxymethyl-2,6-di-tert-butylphenol; or a sterically hindered 4-hydroxymethyl-
2,6-dihydrocarbylphenol, preferably a sterically hindered 4-hydroxymethyl-2,6-dialkylphenol,
and more preferably a 4-hydroxymethyl-2,6-di-tert-butylpheno! and
(B)  at least one aromatic amine having in the range of 1 to about 4 aromatic rings in the
molecule which rings are in the form of fused rings or singly bonded rings, or both, and having at
least one primary amino group (-NH;), secondary amino group (-INHR where R is a hydrocarbyl
group containing up to about 18 carbon atoms), or tertiary amino group (NRz where each R is
independently a hydrocarbyl group containing up to about 18 carbon atoms), and preferably at
least one such primary or secondary amino group; or

wherein (B) (a) has at least one replaceable hydrogen atom on a ring thereof , (b} is
substituted by one or more branched chain alkyl groups each having in the range of 3 to about 24
carbon atoms and preferably, in the range of 4 to about 12 carbon atoms, and (c) optionally, has
one or more additional alky] side chains each having in the range of 1 to about 3 carbon atoms.
[0030] In such processes, reactant (A) is combined with reactant (B) in the presence of (C) an
alkylation catalyst, and optionally (D) an organic solvent, thus forming a reaction product that is
suitable as, among other things, an antioxidant.
Component (A}
[0031] The sterically hindered 4-alkoxymethyl-2,6-dihydrocarbylphenol or 4-hydroxymethyi-2,6-
dihydrocarbylphenol, used as a reactant in the processes of this invention can be any of a
relatively large group of compounds. The hydrocarbyl groups in the ortho positiens relative to
the carbon atom carrying the hydroxyl group can be any univalent hydrocarbon group with the
proviso that the resultant substitution in the 2- and 6- positions provides steric hindrance to the
hydroxy!l group. Typically, a total of at least 4 or 5 carbon atoms in the ortho positions is

required to achieve steric hindrance. Among suitable hydrocarbyl groups that can be in the ortho

14



Anti oxidant-1 113.5 Toluene 70 0.5 4 26 47 12 0.5 7
Antioxidant-2 1/3.5 Tol uene

WO 2008/048989 PCT/US2007/081604

positions are alkyl, cycloalkyl, alkenyl, cycloalkenyl, cycloalkylalkyl, aryl, and aralkyl in which
the cyclic moieties, whether saturated or unsaturated, can in turn be alkyl substituted. The alkyl
and alkenyl groups can be linear or branched. The individual hydrocarbyl groups in the ortho
positions can each contain in the range of 1 to about 12 carbon atoms with the total number of
carbon atoms in the ortho positions being in the range of about 4 to about 18 carbon atoms and
preferably in the range of 8 to about 16 carbon atoms. 4-Alkoxymethylphenols or 4-
hydroxymethylphenols in which at least one of the ortho positions is substituted by a tertiary
alkyl group are preferred. The alkoxy group can be linear or branched and can contain up to
about 18 carbon atoms and preferably up to about 6 carbon atoms. Preferred are the 4-
alkoxymethyl hindered phenols in which the alkoxy group is ethoxy, and more preferably where
the alkoxy group is methoxy. Branching of alkyl or alkenyl groups can occur anywhere in the
alkyl or alkenyl group, including on the alpha-carbon atom of a secondary alkyl group such as
isopropyl or sec-butyl, or on more remote positions such as on the beta-position in 2-ethylhexyl.
Also, there can be any number of branches in the alkyl or alkeny! group, such as, for example, the
four branches in a 1,1, 3,3-tetramethylbutyl group.

[0032] Non-limiting examples of suitable sterically hindered 4-alkoxymethyl-2,6-
dihydrocarbylphenols include, 4-ethoxymethyl-2,6-diisopropylphenol, 4-methoxymethyl-2-tert-
butyl-6-methylphenol, 4-butoxymethyl-2,6-di-tert-butylphenol, 4-hexadecyloxymethyl-2-tert-
butyl-6-methylphenol, 4-decyloxymethyl-2-tert-butyl-6-isopropylphenol, 4-hexyloxymethyl-2-
cyclohexyl-6-ethylphenol, 4-methoxymethyl-2-tert-butyl-6-phenylphenol, 4-propoxymethyl-2-
benzyl-6-isopropylphenol, 4-ethoxymethyl-2,6-di-tert-butylphenol, 4-methoxymethyl-2.6-di-tert-
butylphenol, 4-(2-ethylhexyloxymethyl)-2,6-di-tert-butylphenol, and analogous hindered phenolic
compounds. A preferred sub-group of sterically hindered 4-alkoxymethyl-2,6-dialkylphenols are
those in which one of the ortho alkyl groups is tert-butyl and the other is methyl or, more
preferably, tert-butyl and in which the alkoxymethyl group has a total of 9 carbon atoms.
Particularly preferred is 4-methoxymethyl-2-tert-butyl-6-methylphenol. More especially
preferred is 4-methoxymethyl-2,6-di-tert-butylphenol.

[0033] Non-limiting examples of suitable sterically hindered 4-hydroxymethyl-2,6-
dihydrocarbylphenols include, 4-hydroxymethyl-2,6-diisopropylphenol, 4-hydroxymethyl-2-tert-
butyl-6-methylphenol, 4-hydroxymethyl-2,6-di-tert-butylphenol, 4-hydroxymethyl-2-tert-butyl-6-
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methylphenol, 4-hydroxymethyl-2-tert-butyl-6-isopropylphenol, 4-hydroxymethyl-2-cyclohexyl-
6-ethylphenol, 4-hydroxymethyl-2-tert-butyl-6-phenylphenol, 4-hydroxymethyl-2-benzyl-6-
isopropylphenol, 4-hydroxymethy!-2,6-di-tert-butylphenol, and analogous hindered phenolic
compounds. A preferred sub-group of sterically hindered 4-hydroxymethyl-2,6-dialkylphenols
are those in which one of the ortho alkyl groups is tert-butyl and the other is methy! or, more
preferably, tert-butyl. Particularly preferred is 4-hydroxymethyl-2-tert-butyl-6-methylphenol. In
one exemplary embodiment, (A) is 4-hydroxymethyl-2,6-di-tert-butylphenol.

Component (B}

[0034] In the practice of the present invention, a broad range of aromatic amines are
contemplated for use in the present invention. The aryl groups can have one, two or more rings,
e.g., they can be phenyl, naphthyl, efc., and can be substituted or unsubstituted. Each ary] group
can have in the range of 6 to 36 or more carbon atoms depending upon the nature and degree of
substitution although generally they will have from 6 to about 18 carbon atoms. Substituted
diphenylamines wherein at least one of the rings is substituted by a branched chain alkyl group
having in the range of 3 to about 24 and preferably in the range of 4 to about 12 carbon atoms
illustrate substitution of this type.

J0035] Non-limiting examples of suitable aromatic amines include diphenylamine, one or a
mixture of nonylated diphenylamines prepared from, for example, propylene trimer and
diphenylamine, one or a mixture of octylated diphenylamines prepared from diisobutylene and
diphenylamine, one or a mixture of butylated diphenylamines prepared from isobutylene and
diphenylamine, one or a mixture of styrenated diphenylamines prepared from styrene and
diphenylamine, phenyl-a-naphthylamine, one or a mixture of nonylated phenyl-u-naphthylamines
prepared from propylene trimer and phenyl-a-naphthylamine, one or a mixture of octylated
phenyl-a-naphthylamines prepared from diisobutylene and phenyl-a-naphthylamine, one or a
mixture of butylated phenyl-c-naphthylamines prepared from isobutylene and phenyl-o-
naphthylamine, one or a mixture of styrenated phenyl-o-naphthylamines prepared from styrene
and phenyl-c-paphthylamine, ortho-phenylenediamine, para-phenylenediamine, N,N-di-sec-
butyl-p-phenylenediamine, aniline, N-methylaniline, N,N-dimethylaniline, toluidine, N-methyl-o-
toluidine, N-methyl-p-toluidine, N,N-dimethyl-o-tolvidine, N,N-dimethyl-p-toluidine, 2,6-
diethylaniline, 2-ethyl-6-methylaniline, 2,6-diisopropylaniline, o-tert-butylaniline,
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triphenylamine, 2-4'-diaminobiphenyl, 4,4'-diaminobiphenyl, I-naphthylamine, 2-naphthylamine,
N-methyl-1-naphthylamine, N,N-dimethyl-1-naphthylamine, 2-aminobiphenyl, 3-aminobiphenyl,
4-amino-4'-methylbiphenyl and similar alkyl substituted or umnsubstituted monoamines or
polyamines, and mixtures of any two or more of the foregoing. In some embodiments, (B) is
diphenylamine, and in other embodiments, (B) is one or more alkylated diphenylamines.
Component (C)

[0036] In the practice of the present invention, an alkylation catalyst is used to promote the
reaction between (A) and (B), thus the reaction between (A) and (B) is sometimes referred to as
an alkylation reaction herein. The alkylation reaction catalyst used herein can be selected from
any alkylation catalyst known to promote the reaction of (A) and (B). In some embodiments, (C)
is preferably an acidic catalyst such as suifuric acid, an aryl suifonic acid, an alkyl sutfonic acid,
or an aryl alkyl sulfonic acid. Non-limiting examples of other suitable alkylation catalysts
include, for example, hydrachlorie acid, hydrobromic acid, aluminum chloride, diethyl aluminum
chloride, triethylaluminum/hydrogen chloride, ferric chloride, zinc chloride, antimony trichloride,
stannic chloride, boron trifluoride, acidic zeolites, acidic clays, and polymeric sulfonic acids such
as those sold under the name Amberlyst®,

Component (I}

[0037] The processes are carried out in a liquid reaction medium that can result from one of the
reactants being a lquid under the conditions of the alkylation reaction, or which can result from
use of an inert organic solvent. Non-limiting examples of organic solvents which can be used
include, for example, acetic acid, propionic acid, one or more hexane isomers, one or more
heptane isomers, one or more octane isomers, one or more decanes, mixtures of one or more of
the alkane solvents such as the foregoing, cyclohexane, methylcyclohexane, methylene
dichloride, methylene dibromide, bromochloromethane, 1,2-dichloroethane, 1,2-dibromoethane,
chloroform, chlorobenzene, mixtures of one or more chlorinated and/or brominated solvents such
as the foregoing, and one or a mixture of alkanols such as methyl alcohol, ethyl alcohol,
isopropyl alcohol, n-propy! alcohol, n-butyl alcohol, sec-butyl alcohol, isobutyt alcohol, 2-
ethylhexyl alcohol, octyl alcohol, and other liquid or low meiting homologous alkanols, and one
or more ethers like dialkyl ethers, tetrahydrofuran, dioxane or mixtures thereof. In some

embodiments, the solvent is a hydrocarbon solvent. In preferred embodiments, (D) is used in the
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practice of the present invention.

Process Conditions

[0038] The processes used to product the macromolecular reaction products of the present
invention are typically conducted at one or more temperatures in the range of from about 20°C to
about 160°C or higher. In some embodiments, the processes are conducted at one or more
temperatures above 40°C, preferably in the range of from 70°C to about 160°C, or higher. The
inventors hereof have discovered that reaction temperatures within these ranges are more suitable
for producing the reaction products of the present invention. Further, the inventors hereof have
discovered that at higher temperatures, i.e. greater than 40°C, the processes proceed more rapidly
and thus completion can be reached in shorter periods of time than previously contemplated. For
example, when 2,6-di-tert-butyl-4-methoxymethylphenol is used as (A), the reaction tends to
initiate relatively rapidly at room temperature, (about 23°C) until about one equivalent of the 2,6-
di-tert-butyl-4-methoxymethylphenol has been consumed. Thereafter, the reaction tends to
proceed more slowly and consequently additional heat energy needs to be applied and/or
additional catalyst employed. However, at higher temperatures, i.e. greater than 40°C, this
reaction proceeds more rapidly and thus completion can be reached in shorter periods of time.
[0039] With lower boiling reactants and/or solvents the reaction may be conducted under
pressure, or the reaction may be conducted in the presence of a cooling condenser. In most cases,
the reaction results in alkylation on an activated, electron rich ring. In some cases, alkylation
may occur on a nitrogen atom.

[0040] The inventors hereof have discovered that by varying the relative molar ratio of (A) to
(B), one can produce various macromolecular reaction products, as described below, that find use
as antioxidants. In some embodiments, (A) and (B) are used in a molar ratio of (B) to (A) in the
range of from about 1:1 to about 1:10, preferably in the range of from about 1:1 to about 1:7; in
some embodiments, in the range of from about 1:3 to about 1:10, preferably in the range of from
about 1:3 to about 1:7. In preferred embodiments, the molar ratio of (B) to (A) can be any of
about 1:1, about 1:2, about 1:2,5, about 1:3, about 1:3.5, about 1:4, about 1:4.5, about 1:5, about
1:5.5, about 1:6, about 1:6.5, or about 1:7.

[0041] The above description is directed to several embodiments of the present invention. Those

skilled in the art will recognize that other means, which are equally effective, could be devised
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acid, and 1.6 g of concentrated sulfuric acid catalyst. The mixture was heated at 60°C for 1 hour
and then diluted with 100 g of ether and 100 g of water. After phase separation, the organic
phase was washed with water (3x 200 g) and dried over MgSO,. The solvent was removed under
reduced pressure to obtain 25.3 g of dark thick oil, constituting a product of this invention.

[0044] The antioxidant effectiveness of this product of the invention was shown by use of a
standardized oxidation test procedure {ASTM D 6186) in which a lubricating o0il containing a
specified amount of an additive is subjected to oxidation in a heated pressure-resistant vesselat a
temperature of 160°C charged with oxygen under an initial elevated pressure of 500 psig. The
longer the induction time (O1T) before a pressure drop occurs, the more stable is the composition.
{0045} In one such test a sample of the alkylated NDFPA formed in Exampie 1 was used as the
antioxidant. It was blended with EHC 60 oil (a mineral base oil having a kinematic viscosity at
100°C of 6.1 cSt, a viscosity index of 114, and a Noack volatility of § wt%, ExxonMobil) and the
resuitant blend was subjected to the above oxidation test procedure. For comparative purposes,

runs were also conducted wherein NDPA alone was blended with another portion of the same
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base oil and wherein 2,6-di-tert-butyl-4-methoxymethylphenol alone was blended with another

portion of the same base cil. The results of these tests are summarized in Table 1.

Table 1 - Antioxidant Effectiveness of Additives in a Lubricating Oil at 160°C and Under

500 psig Oxygen Pressure

Additive OIT at 0.5 wt% (minutes) | OIT at 0.75 wt% (minutes)
NDPA only 107 124

2,6-Di-tert-butyl-4- 80 100

methoxymethylphenol

Product of this invention (Ex.1) 135 157

OIT Difference Over NDPA 28 33

Percent Effectiveness Over NDPA | 26% 27%

EXAMPLE 2

[0046] A three-necked round-bottomed flask was equipped with an addition funnel, magnetic
stirrer, temperature probe, and a condenser. Diphenylamine (¢.02 mol, 3.4g) was dissolved in
dichloromenthane (20 mL) and sulfuric acid (10 mL of 80%) was added at room temperature. A
solution of 2,6-di-tert-butyl-4-methoxymethylphenol (0.12 mol, 30 g) in dichloromethane (60
mL) was added at room temperature and in small increments(about 2 mL/minute)}. An
exothermic reaction ensued during the addition of the first equivalent of 2,6-di-tert-butyl-4-
methoxymethylphenol, but it subsided when the addition continued. The reaction mixture was
brought to 40-45°C and addition of the 2,6-di-tert-butyl-4-methoxymethylphenol was completed
in 5 hrs. The reaction mixture was stirred at room temperature overnight, The acid phase was
separated and the organic phase was washed with water(2x 30 mL), dilute sodium hydroxidetoa
pH of 7-8, water(1x 30 mL), and dried over magnesium sulfate. Evaporation of solvent under
water aspirator pressure afforded bright yellow/orange solid. Analysis by NMR and L.C-Mass
showed 4,4’ -methylenebis(2,6-di-tert-butylphenol)(14%), penta-substituted isomer (5%), hexa-
substituted isomer (30%), and higher molecular weight components (51%). Oxidation Inhibition
Time measured by PDSC was 99 minutes at 0.25 %, 123 minutes at 0.50%, and 136 minutes at
0.75% loading.
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EXAMPLE 3

[0047] A three-necked round-bottomed flask was equipped with an addition funnel, magnetic
stirrer, temperature probe, and a condenser. Diphenylamine (0.1 mol, 16.9g) was dissolved in
dichloromenthane (40 mL) and sulfuric acid (10 mL of 80%) was added at room temperature. A
solution of 2,6-di-tert-butyl-4-methoxymethylphenoi (0.3 mol, 75 g) in dichloromethane (130
mL} was added at room temperature and in small increments. An exothermic reaction ensued
during the addition of the first equivalent of 2,6—di—tert—butyl—4-ﬁaeﬂqoxymethylphenol, but it
subsided when the addition continued. The reaction mixture was brought to 40-45°C and
addition of the 2,6-di-tert-butyl-4-methoxymethylphenol was completed in 3 hrs. The reaction
mixture was stirred at room temperature overnight. The acid phase was separated and the organic
phase was washed with water(2x 30 mL), dilute sodium hydroxide to a pH of 7-8, and water(1x
30mL) and dried over magnesium sulfate. Evaporation of solvent under water aspirator pressure
afforded bright yellow/orange solid. Analysis by NMR and LC-Mass showed mono-substituted
isomer (6%), di-substituted isomer (26%), tri-substitited isomer (29%), tetra-substituted isomer
(28%), penta-substituted isomer {5§%). Oxidation Inhibition Time (OIT) measured by PDSC was
138 minutes at 0.25 %, 170 minutes at 0.50%, and 191 minutes at 0.75% loading.

EXAMPLE 4

[0048] A four-necked flask was equipped with mechanical stirrer, addition funnel, condenser,
nitrogen inlet, and a temperature probe. Diphenylamine (38.9 g), toluene (175 mL), concentrated
sulfuric acid (3 g, 98%), and acetic acid (6 g) were charged into the reactor. The stirred reaction
mixture was heated to about 70°C and a warm solution of 2,6-di-tert-butyl-4-
methoxymethylphenol (300 g) in toluene (350 mL) was charged over a two hours period at about
70°C and the methanol co-product was distilled overhead. The reaction was complete after a
total of 6 hours at these conditions. The reaction mixture was washed with water (2x200 mL).
Toluene was removed by distillation and the resulting oily residue was heat treated (60-80°C and
2-10 mmHg) for 1 hour. The résulting oily product solidified on standing at room temperature.
Analysis by HPLC showed zero percent mono-substituted, zero percent di-substituted, 1% tri-
substituted, 14% tetra-substituted, 43% penta-substituted, 24% hexa-substituted diphenylamine
products. In addition 3.4 wt% of 4,47-methylenebis(2.6-di-tert-butylphenol) and 15% of
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methylene-bridged products and other oligomeric materials were identified in the sample.
EXAMPLE 8

{0049] The same procedure as Example 3 was used, except a diphenylamine/2,6-di-tert-butyi-4-
methoxymethylphenol mole ratio of 1:3 was used. The product contained 1% mono-substituted,
17% di-substituted, 36% tri-substituted, 22% tetra-substituted, 2% penta-substituted, 1% hexa-
substituted diphenylamine products. In addition 4.3 wt% of 4,4’-methylenebis(2,6-di-tert-
butylphenol) and 15% of methylene-bridged products and other oligomeric materials were
identified in the sample.

EXAMPLE 6

[0050] The same procedure as Example 3 was used, except a diphenylamine/2,6-di-tert-butyl-4-
methoxymethylphenol mole ratio of 1:4 was used. The product contained 1% mono-substituted,
1% di-substituted, 14% tri-substituted, 34% tetra-substituted, 11% penta-substituted, 1% hexa-
substituted diphenylamine products. In addition 6.0 wt% of 4,4’-methylenebis(2,6-di-tert-
butylphenol) and 26% of methylene-bridged products and other oligomeric materials were
identified in the sample.

ExAamMpLE 7

[0051} The same procedure of example 5 was attempted but the sulfuric acid used was replaced
with methanesulfonic acid. The product contained 1% mono-substituted, 2% di-substituted, 13%
tri-substituted, 40% tetra-substituted, 23% penta-substituted, 3% hexa-substituted diphenylamine
products, In addition 4,7 wit% of 4,4’-methylenebis(2,6-di-tert-butylphenol} and 13% of
methylene-bridged products and other oligomeric materials were identified in the sample.
EXAMPLE 8

[0052] The procedure of example 3 was attempted but toluene was replaced with methanol and
sulfuric acid with Amberlyst® 35 catalyst. The product contained 0.5% mono-substituted, 3% di-
substituted, 19% tri-substituted, 56% tetra-substituted, 15% penta-substituted, 0.5% hexa-
substituted diphenylamine products. In addition 1.7 wt% of 4,4’-methylenebis(2,6-di-tert-
butylphenol) and 4% of methylene-bridged products and other oligomeric materials were
identified in the sample.

EXAMPLE 9

[0053] Diphenylamine (“DPA™) and 2,6-di-tert-butyl-4-methoxymethylphencl (“Phenol™) were
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used to produce several antioxiaant compositions according to the present invention, The molar

ratio of the components and conditions used along with the contents of the antioxidant product

thus formed are contained in Tablel1 A below.

Table 1A

Product  [DPA/phenol| Solvent [Temp., °C{Mono-| Di- | Tri- [Tetra{ Penta-| Hexa- | Others

Antioxidant-1 /3.5 Tolusne 70 05 | 4 | 26 | 47 12 0.5 7

Attioxidart-2 1/3.5 Toluene 130 0.1 9 | 24 | 31 9 0.1 22

Antioxidant-3]  1/4.0 | Toluene | 70 05 |05] 5 | 391 38 | 6 | 10

Antioxidant-4|  1/4.0 Toluene 130 01 {4 1147133 14 4 25

Antioxidant-5| 1/4.25 |Methanoll 110 0.5 | 3 |17 46 | 15 2 12

All the products identified in Table 1A contained between 2-3.5 wt%o of 4,4"-methylenebis(2,6-di-
tert-butylphenol).

COMPARATIVE EXAMPLE 1

[0054] The process described in US Pat. No. 3,673,091 was repeated. The product was analyzed
by LC-Mass and contained 35% unreacted diphenylamine, 43% mono-substituted, 16%
disubstituted, and 2% tri-substituted product with less than 1% of higher substituted isomers.
The components of the antioxidant product thus produced, and their amounts, are illusteated in
Table 2, below,

COMPARATIVE EXAMPLE 2

{0055] The process described in US Pat. No. 3,673,091 was repeated with a diphenylamine and
2,6-di-tert-butyl-4-hydroxybenzylalcohol mole ratio of 1:4. The isolated product contained 20%
mono-substituted, 36% di-substituted, 21% tri-substituted, 3% tetra-substituted, less than 0.5%

penta-substituted, less than 0.1% hexa~substituted isomers and no methylene-bridged oligomers.

. The components of the antjoxidant produet thus produced, and their amounts, are illustrated in~. - -

7 Table 2, below,
COMPARATIVE EXAMPLE 3
[0056] Diphenylamine and 2,6-di-tert-butyl-4-hydroxybenzylalcohol (“Alcohol”) were reacted
according to the process of Example 2 using varying mole ratios, the mole ratios and reaction

times are indicated in Table 2. The components of the antioxidant product thus produced, and

their amounts, are illustrated in Table 2, below.

23 °



3 This invention Dichloronethane Sul furic 4hrs

one/five <0.5 <0.5 2 20 47 20 8 This invention

WO 2008/045989 PCT/US2007/081604
Table 2:

RxN

Experiment Solvent Catalyst | Time {DPA/AlccholiMono-| Di- | Tri- [Tetra-|Penta-|Hexa-| Others
US 3,673,091 acetic acid Sulfuric|24hrs| onefone 43 612 [ <1 <l | <1 39%
US 3,673,091 acetic acid sulfuric [ 10hrs{ one/four 20 | 36 21 3 | <0.5)<0.1{ <0.5
This invention | Dichloromethane | Sulfuric{24hrs| oneffour | <05 | 4 |21} 53 | 18 |<05| 3
[This invention |Dichloromethane | Sulfuric| 2hrs | one/four 1 10 |18) 39 | 24 4 3
This invention | Dichloromethane | Sulfuric| 4hrs one/five <0.5 |<0.5[ 2 | 20 | 47 § 20 g
[This invention { Dichloromethane | Sulfuric | 6hrs | one/seven | <0.5 {<0.5]|<0.5[ 3 5 1 49 [ 28
* Unreacted
diphenylamine

All products identified in Table 2 contained between 0.1-7.0 wt% of 4,4°-methylenebis(2,6-di-

tert-butylphenol).

[0057] The novel products of this invention are also effective as antioxidants for use in natural or

synthetic rubbers or elastomers, and synthetic polymers especially thermoplastic oligomers,

thermoplastic polymers, and thermoplastic resins. Amounts of up to about 10 wt% are usually

sufficient to provide inhibition of oxidative deterioration during use or storage of these materials

in the presence of air or oxygen.

24



Di chl oromet hane Sul furic 6hrs one/ seven <0.5 <0.5 <0.5
3 549 28 Unreacted i phenylam ne Al products
identified in Table 2 contained between 0.1-7.0 wt % of
4,4 ' -nmet hyl enebi s(2,6-ditert-butyl phenol).

CLAIMS:

1) A macromolecular reaction product comprising i) less than about Swt.% of one

2)

or more aromatic amines substituted with one 3,5-di-hydrocarbyl-4-
hydroxylbenzyl groups; ii) less than 10wt.% of one or more aromatic amines
substituted with two 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups; iii) in the
range of from 1wt.% to 35 wt.% of one or more aromatic amines substituted
with three 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups; greater than 40wt.% of
at least one of iv) one or more aromatic amines substituted with four 3,5-di-
hydrocarbyl-4-hydroxylbenzyl groups v) one or more aromatic amines
substituted with five 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups; vi) one or
more aromatic amines substituted with six 3,5-di-hydrocarbyl-4-hydroxylbenzyl
groups; and vii) in the range of from I to 20wt.% of one or more methylene-
bridged aromatic amines substituted with one or more 3,5-di-hydrocarbyl-4-
hydroxylbehzyl groups, wherein all wt.% are based on the total weight of the
macromolecular reaction product, said macromolecular reaction product is liquid
at room temperature or solids that melt at less than 100°C, and said
macromolecular reaction product contains in the range of from 1to 10 wt.% of

one or more phenolics represented by the following general formula:
R’ R
R R
wherein each R and R’ are independently H or a hydrocarbyl.

The macromolecular reaction product according to claim 1 wherein said
macromolecular reaction product is characterized as having one or more of the
following properties:

a) substantially free of unreacted aromatic amine starting material

b) substantially free of the phenolic starting material

¢) substantially free of aromatic amines substituted with one 3,5-di-

hydrocarbyl-4-hydroxylbenzyl groups.
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[ 0057] The novel products of this invention are al so
effective as antioxidants for use in natural or
synthetic rubbers or elastoners, and synthetic
pol yners especially thernoplastic oligoners,
t her nopl astic polyners, and thernopl astic resins.
Amounts of up to about 10 wt% are usually sufficient
3% OTHR" ML dIAUMAY FdalforPTprd c@laéc'cgﬁliﬁ:%ettﬁr biginit Loﬁherein said
during use or storage of these materials in the
pmeseomacoflamicactan puduge nompiicAlodSor fijoré\compounds represented
cronpl ecyl ar reaction oduct conprising i) |less
t Xﬁhgggﬁﬁﬂﬁﬁﬁgﬁ% OQﬂﬁgggﬁnﬁﬁ?é:aronatic ani nes
substituted with one 3,5-di-hydrocarbyl-4-
hydr oxyl benzyl groups; ii) less than 1 Ovvt. % of one
or nore aromatic am nes s@hstituted With two
3, 5-di - hydrocar byl draxylhdRa®! g¢roups; iii) in
the range of fro oto +H one or nore
aromati c am nes sups t ed ~iFhH hriee
3, 5-di - hydr ocar by1t4- hydRéXyl behzyR gr oups, greater
than 40wm . % of at |east one of iv) one or nore
aromati c, am nes sybstit yt W fou
3, 5-\altlmfara%tﬁrfiﬂm;ﬂyaﬁ%aﬁjhwéﬁgw hyragbyly Roghg Ryare 3.5-
uc |
SRR PR S8R LRSSty 1 o et
monga swhokeatuncbeamn thegamgebdtfranutlet Wi p indsq gre whole numbers and
3, 5-di - hydrocar hyl-4- hydr oxyl.benzyl grouns; .and,vj i
P Rl e8P gt (10, S5k TORh releng i o Ebledumber
MRt dR kSe R otd edodl PWREA f=RNM nes substituted with one
or nore 3,5-di-hydrocarbyl-4- hydroxyl benzyl groups,
wherein all w.% are based on the total weight of the
romol ecul ar, react.i on_preduct i d . I :
4, 6 CPROPlsatiar P aRiREl Do i bl Sitkah saia
S flabi@dsndldtalar Teddtioa tproé®es cdMpfiseléfeGor Aok @aibunds represented
macr onol ecul ar reaction product contains in the range
oby thegenaral rmoplagk . 9% of one or more phenolics
r epr by the followi ng general formula: RR
F@ﬁ&ﬁ%@ﬁ%ﬁgrein each R and R are independently Hor a
hydrocarbyl. 2) The macrgnmol ecul ar reacgjon product
according to claifA 1 whetei n R8i d nal
react forr product i hCt et )
nore pf the

. free pf u ing
subst T
c) substantfially free of pes substituted R

wi th one §35-dihydrocarc, |zyI gr oups.
according to
claim1l wherein said pe o]l Jact iFon pr oduct
conpri ses one or nore CcoOMmj egpnted by the
fol |l ow ng general fornuLarEEornulaﬁA—ﬂu_J

b) Formula HI:
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wherein Rl is Il or hydrocarbyl, R2 is H or
hydrocarbyl, R3 and 124 are 3, 5-

di hydr ocar byl- 4- hydroxybenzyl, R5 and R6 are

i ndependently H or hydrocarbyl, n is a whole nunber in
the range of fromO to 1, p and q are whol e nunbers
and p+g is in the range of fromlto 10, mis 1 when
n=0 and mis a whole nunber in the range of from2 to
10 when n=1. 4) The macronol ecul ar reaction product
according to claim1l wher @-r—sai-e,macronol ecul ar
reaction product conprise oné?8r nore conpounds
represented by the gener& f |a&s: a) Fornula l

b) Formula Il11: OCH

R6

Q@

wherein each R, Ry, Rs, and Rg of Formulas II and [II are independently H
or hydrocarbyl, each R and R’ are independently hydrogen or a branched or
straight chain alkyl containing in the range of from 1 to 8 carbons; wherein
each p and q of Formula II are independently whole numbers in the range of
from 1to 10 and p+q is 10; each p and q of Formula III are independently

whole numbers and p+q is in the range of from 1to 12.

" The macromolecular reaction product according to claim I wherein said one or
more methylene-bridged aromatic amines substituted with one or more 3,5-di-
hydrocarbyl-4-hydroxylbenzyl groups are represented by Formula II, Formula
111, or Formula II and Formula III.

The macromolecular reaction product according to claim 1 wherein said
macromolecular reaction product comprises

i) less than 5wt.% aromatic amines substituted with one 3,5-di-

hydrocarbyl-4-hydroxylbenzyl group, based on the total weight of the

macromolecular reaction product;
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or

wherein each R, R2, R5, and R6 of Formulas Il and |11
are i ndependently H or hydrocarbyl, each R and R are
i ndependent|y hydrogen or a branched or straight chain
al kyl containing in the range of from1 to 8 carbons;
wherein each p and q of Formula Il are independently
\/\,hole nunbers in the range of from1 to 10 and p+q is

C d o0 lLa.l n t i
anol &3 riorb R g el i SubUBRRETGAN, o, 3,5
5) The W@WIGM@X)‘IB@Q&] gll‘bupsr Ctdusm oachotaiingeight of the
claim1l wherein said gne or nore nethyl ene-bridged
ar omat i Bagamalesulanreaetiqnpreducli t h one or nore
3, 5- h I v Sk :
r eprg hﬁ? %éd)&gggﬁrrrrﬁl I g@f ?g%ng%l/gmlgl[ﬁlmeor Féc:)érs%?mutfcll with
and Forthrgea 3I 3-Hi-hgdroddrby inbby dromy Ibendyh rgrowme based on the total

product acco |ng to c 1 wherein said
macr ono‘l""é&’ﬁﬂ ?%‘S@PF’&&F 6‘&?&‘0‘(‘28 Pflses i) Iess than

gﬂ@tré &1 A6 51'69.@%' troUt@de/t BoRAc amines substituted
3 5 d|h rocarbyl-4-hydroxyl benzyl group, based on the
t ot al vmmlngOurof36Irch—hydmcamde1ykimxyI®acylu groups. oeased ;on the

ii) less an, 1 % ar omat i.c amnessb,tituted Wi th
two 3, §°'i§f W§’§PB%§£%WCQPIW§)H SR FHERPOREups, based

on the ih @ﬁ@Iang@bﬂﬂbmofs“k%emﬂ@@ﬁfp%odrsﬁ%@ﬁmhﬁ:a@hb@med with
product; iii) erange of fromlw.%to 35 wt.%

ar onat iftveans ﬁeb—hgdmanbwb ddvivibepnylegroups, based on the total
3, 5-di o rbyl-4- h r pXx pups, based on

t he tot‘%\%%\é&%%g‘?owﬁ %{:¥e§§§ mfig& reaction

pr odiigtin theviangdloft iem! &wes 10 5T oM drofatidaintmes Subdiitdfed with
aromati ¢ am nes substituted with four

3, 5-di Sﬁvoﬁr%éahﬂirmcaxbﬂy‘&h&s&ry%@w gruppsbasdsen W total
the t O%lg/l‘}%%!f Qgrortnlaﬁcﬁﬁf Fe%@&l)rﬁgr%h$t reacti on

product Re P ARge o to 60w .
ar onait)ig tlertangs of dhsh i  ubed5Swt.thof breor more methylene-bridged

3, 5-di - hydrocar byl-4-h droxyl e | groups, ed on

the. t oREITAST gRes | SRRt AL iR PR AT oo e iy drocatbyl-4-

pr oduc nge of froml wt%to 50 wt.%
Py R RS

aronmat i ltuted with six
3,5-di- hy@hmmﬂaﬂnﬂetwmlwammmn grdepsontaiseid the range

the tot ht I I
e austl ) I et g TS0 g end S dBgeg by e
or mr%l[&%ﬁé’k@ﬂ‘e@al%hﬂﬂﬁd aromati c am nes substituted

W th one or nore 3,5-di- hydrocar byl-4- hydroxyl benzyl

gr oups, wher ei n *' | ar reaction
product contains in thg rag from1l to 5 wt. % of
one or nore phenolies’r eddey the foll ow ng

general formula: R HO R0 R

wherein each R and R’ are independently H or a hydrocarbyl;
i) less than 1wt.% aromatic amines substituted with one 3,5-di-hydrocarbyl-

4-hydroxylbenzyl group, based on the total weight of the macromolecular

reaction product;
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OH wherein each R and R are independently Hor a
hydrocarbyl; i) less than 1 wt.% aronati c am nes
substituted with one 3, 5-di-hydrocarbyl-

4- hydr oxyl benzyl group, based on the total weight of

t he macronol ecul ar reacti on product; i) less than

5wt . % aromati ¢ am nes substituted with two

315" Sy OBARDY SudviALAKKL DERTHL DRQHARY BARCHO" 3 5-di-
the t of "t he nacr onol ec reaction

pr odLh},tdrocarbyll)fl hiylrdxtytbanagplg @rafpsf besedSut . the total SweightYof the
aromati c arrl?nes substituted with three

3, 5- dPagRe E‘éleVECtE’WBijWyI benzyl groups, based on

the tlﬁ? B th) tof Hont Rt BRES Wlﬁlr(ﬂﬁaﬁceﬁﬁlhbéj%bstltuted with
pr oduc Iv) 1n the range of from1l5wt%to 6

ar onethiee Ahidirbsdoairbyl- ﬂdiydd)wdliehzsﬂ @uooups, based on the total weight

3, 5-di dr ocar 4- hydr oxyl benzyl groups, based on
t he togttgqvmﬁﬂf’ﬁ’r‘? ]farfq?)éu%B SHEF ecul ar reaction

Pr odygy in th¥ Yang of REnd 3898%ab éUv@t“% WAt coanPia¥d substituted with
aromati c am nes substituted with five

3, 5- &pmhﬁoﬁr dblardumwlwwebﬂwlb@mygrogp@ thesed aBedotehweight
t he tg:[h 1%1 t? of the.nmacr m)tl ecul ar reaction

pr od em@‘f“? OIFCr R PSHYLPOAUY om 5wt % to 35wt .

ar onBd) iif iR #aReS oﬁﬁbﬁlt g EEd mm%hﬁématlc amines substltuted with
3, 5-di - ﬁdrocarbyl - hydr oxyl benzyl groups, based on

t he tfoea %@rlgﬁrocgrbﬂﬂehmmw HPS, basedtqrothe total weight
pr Od%ﬂhe rﬁgcqol\ﬁ' kac?ﬂa”é dér%gg& of from1 to | Om . % of

one or atomati ¢ am nes

substyit Mttﬁd raddgt: l@fmm erwm e 3324l aroh)aﬁbmnésyslrbdntuted with
hydr oxyl benz gro based_ on the total

the ﬁﬁ‘cr%?rél‘gw Yledaévqireﬁyl,b%?a’u &Foups. bagRe roa%he §‘§?’dwelght
MACT QB BibolcBRAG FABd AdUEL. spNt Al ns Tn the range

of from1to one or nbre phenolics
repr eignt énltheyratdeeoff fobthohite gl Oyesde oEbnd wmteanethmcfbiridged

each R and R are independ ntl Hor ah
The nmacHBMaHe ARMESS Pg‘a*gk“ﬂts 0%6’?:‘5%0# géﬁ Mzachﬁhl 4-
6 wher el iS85k RCEBIR, %ﬁégdaén {h%%l RBighAl Qﬂ%tméo‘fomolecular

charactéeri zéd as” having one or nore of the follow ng
pr oper tieagion product,

wherein said macromolecular reaction product contains in the range of

from 1 1to 5 wt.% of one or more phenolics represented by the following
R's R
R R

wherein each R and R are independently H or a hydrocarbyl.

general formula:

7) The macromolecular reaction product according to claim 6 wherein said
macromolecular reaction product is characterized as having one or more of the
following properties:

a) substantially free of unreacted aromatic amine starting material;
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a) substantially free of unreacted aromatic am ne
starting material; b) substantially free of phenolic
starting material; and c) substantially free of

aromati c am nes substituted with one3, 5-di -

hydr ocar by1- 4- hydr oxyl benzyl group. 8) The

macr onol ecul ar reacti on product according to claiml,
whje sebstargiallyl fiee of pinmotic stastingrmatetialpandr oduct cont ai ns -

one or nore of the.follow ng conmpouynds: a) . C .
5 substantlaﬁy i‘ree of aromatic gmmegrp substituted )w1th one) 3.5-di-

hydrocarbyl-4-hydroxylbenzyl group.

8) The macromolecular reaction product according to claim 1, wherein said
macromolecular reaction product contains one or more of the following

compounds:

a)

"
-4 AL A

()

HO

b)
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e) 9) A conposition conprising the marconol ecul e
reacti on product of claim1; a) one or nore organic
materials that are susceptible to oxidation in the
presence of air or oxygen selected fromat |east one
oil of lubricating viscosity selected from G oup 1,
11, and 11l mneral oils, poly-al pha-olefins,
synthetic esters, gas to liquid derived oils,

bi o- based oils, internal conbustion engine oils,
railroad and marine |ubricants, natural gas engine
oils, gas turbine oils, steamturbine oils, aviation
turbine oils, rust and oxidation oils, hydraulic
flyids, conpressor fluids, slideway oils, quench oils,
manual and automatic transm ssion fluids, gear oils,
and greases; and b) o

ear additives,
extreme pressure addi tives fon inhibitors, rust
inhibitors, f [ -¢Hdeact|vators
lubricity agen sants, antlknock
agents, anti-ici i ndex nodi fiers,
enul sifiers, agent s,

sol ubi l'i zi ng agent ot her

anti oxi dants \Or s, solvents,

g argd di phenyl am ne
anti oxi dant, at |east one orgaponol ybdenum conpound,
at | east one al kyl ated di phenyl am ne and at [;east one
or ganonol ybdenum conmpound, at | east one
pkbsphorus-free anti-wear or extrene pressure
additive, at |east one s cont ai ni ng or
bor on- cont ai ni ng di sper ope or ganoboron
compound, at le
| east one convep{ig Freqyl am ne, at

pressure) addimbv-
conventional allc
| east one (i) sulf
additive, (iii) anti-
or ganoboron ¢ R

clai m9 wher &i S
or nore conpoun%
formul a, Fornula

£ along wth at
(ii) EP
arfth (i v)
tion according to
“t conprises one
ol | owi ng general
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wherein Rl is H or hydrocarbyl, 12.2 is H or
hydrocarbyl, 1(3 and R4 are 3, 5-

di hydr ocar byl- 4- hydr oxybenzyl, 1(5 and R6 are

i ndependently H or hydrocarbyl, n is a whole nunber in
the range of fromO to 1, p and q are whol e nunbers

and

p+q is in the range of from1l to 10, mis 1 when

LRy S B0l o

1@&) wieneimoabrhaait maxdrihda thapravel unkcaptibleaitn vxddetioor in the

d)

b)

nor e of theffo,l | ow ng corrrfoun
[+

)

ds: a b 3 .
air or oxygen selected %rom )at leg.st one’ oil of Elbgcatmg

preggace o
viscosity selected from Group I, II, and III mineral oils, poly-alpha-olefins,
synthetic esters, gas to liquid derived oils, bio-based oils, internal
combustion engine oils, railroad and marine lubricants, natural gas engine
oils, gas turbine oils, steam turbine oils, aviation turbine oils, rust and
oxidation oils, hydraulic fluids, compressor fluids, slideway oils, quench oils,
manual and automatic transmission fluids, gear oils, and greases; and

one or more additive(s) selected from dispersants, detergents, anti-wear
additives, extreme pressure additives, corrosion inhibitors, rust inhibitors,
friction modifiers, metal deactivators, lubricity agents, pour point
depressants, anfiknock agents, anti-icing agents, viscosity index modifiers,
emulsifiers, demulsifiers, seal swell agents, solubilizing agents, antifoam
agents, other antioxidants or stabilizers, diluents, solvents, carrier fluids, or
Zinc dialkyldithiophosphate, at least one conventional hindered phenolic
antioxidant, at least one conventional alkylated diphenylamine antioxidant, at
least one organomolybdenum compound, at least one alkylated
diphenylamine and at least one organomolybdenum compound, at least one
phosphorus-free anti-wear or extreme pressure additive, at least one
molybdenum-containing or boron-containing dispersant, at least one
organoboron compound, at least one organoboron compound and at least one
conventional alkylated diphenylamine, at least one sulfurized antioxidant, EP
(extreme pressure) additive or anti-wear additive, at least one conventional
alkylated diphenylamine along with at least one (i) sulfurized antioxidant, (ii)

EP additive, (iii) anti-wear additive, and (iv) organoboron compound.

10) The composition according to claim 9 wherein said antioxidant product

comprises one or more compounds represented by the following general

formula, Formula I:
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and, O 12) The conposition according to claim?9
wherein said anti oxi dant product contains
substantially no aromatic am nes substituted with one
3, 5-di - hydrocar byl-4- hydroxyl benzyl group or
substantially no aromatic am nes substituted with one
3, 5-di - hydr ocar byl1- 4- hydr oxyl benzyl group and
substantially no aropatic dtfines substituted with two
3, 5-di - hydr ocar by1- 4t#ydr o Io.\Ewﬂ groups. 13) The
conposi tion accordi [ wh in b) and c) are
bl ended wth the. at | easX one re oils as a
concentrate, wherein sald(@8nceﬂ%r§% Mcontains in the
range of from5 to 95wt. % a) and a diluent oil

wherein R; is H or hydrocarbyl, Ry is H or hydrocarbyl, Rs and R4 are 3,5-

dihydrocarbyl-4-hydroxybenzyl, Rs and Rg are independently H or hydrocarbyl,
n is a whole number in the range of from 0 to 1, p and g are whole numbers and
p+q is in the range of from 1to 10, m is 1 when n=0 and m is a whole number

in the range of from 2 to 10 when n=1.

11)The composition according to claim 10, wherein said antioxidant product

contains one or more of the following compounds:

a)
HO
HO N OH
Y SNOVe
s |
HO ?
b)
c)




d)

HO I I OH

12) The composition according to claim 9 wherein said antioxidant product contains

substantially no aromatic amines substituted with one 3,5-di-hydrocarbyl-4-
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hydroxylbenzyl group or substantially no aromatic amines substituted with one
3,5-di-hydrocarbyl-4-hydroxylbenzyl group and substantially no aromatic
amines substituted with two 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups.

13) The composition according to claim 9 wherein b) and c) are blended with the at

least one or more oils as a concentrate, wherein said concentrate contains in the

range of from 5 to 95wt.% a) and a diluent oil.
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