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I NVENTI ON [ 0001] This invention relates to novel
macr onol ecul ar am ne- phenol i ¢ conpositions having
oxidation inhibition characteristics that are
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synthetic polyners, and el astoneric substances.
Fie B SKERANENPoN HE | NVENTION [0002] It is well known
that a wide variety of organic materials are
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susceptitiPloaxidaasaddgn@stiondh ee@restinie |oSalr drokpeen, sittedspetr@esn products,
turbine and jet fuels, automatic transm ssion fl uids,
synta%te@rpOM@s aaﬁ geHemetipyibsaitehg oi s, t her mopl asti c
ROTR §mqm@qkuﬁ@ﬁ0§nd synthetic rubber, and the Iike.
erable efforts have been devot ed
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change over the years, the desire for new ef f ective
fuelsyasioB1#tie g@%ﬁrraﬁsmn(ﬂp@sagcpaé Ails. SRIRG {uéflgah@g ojls, ghermoplastic polymers,
ontii e
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ma | ecu] ar dation inhibitors 003]. U.S. Pat.
mor ]{3 Hg}?@”@ 1441 @}dltﬂ)@ég 9‘?5(9raﬁf] REPOSKE & gfl{ gﬁ”ﬁ%ﬁhr)ﬁ? Yygs oxygen
contﬁhﬂg‘@vﬁ@ﬁﬁ&ﬁt@ Ehalﬁgé WeBthe years, the desire for new effective macromolecular
3,5-di-tert-butyl - -hydroxybenzyl al cohol and ary

ox1d@ﬁﬁ)m shibioar (pdeo lretioxdratshzomisyes. ohlsacthe dit herefits greatly if new and
hlghlljn ff?q& %og%sytecﬁ&?ol%/?ss &h&ﬁé‘cf fof gr%alﬁd11%1%1%%%%%&%%%a%romolecular

oxmuﬁmeamuﬁ@mﬁn1ne starting naterlal and in which the
red products are forned. in | ow yields. SUMVARY

IOOO?LH@ PN érﬁ'f’f’ Hbdipclpsss %wge%%%&%mr%hé/éhweé@&ntbetween
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pro uct's h ving properties enhancing their useful hess
Unfarsunaseilyd dtei I‘Cﬂllltalﬂ Ingabiienopreduceis pecinplek ym)ﬁtme comemmgl lggemquantities of

uct s the tvpes,referr d to
uon BT B B R R B € e R35 st o et
SUMMKR{mFﬂ@Eﬁ“mmTﬁﬁpnatlC am nes substltuted with one
-hydr ocar byl - 4- hydroxyl benzyl groups; ii)

{OO(ﬁlﬂ é:mgpm@ egbodiments, st presene mvaRtion tefages to macromolecular antioxidant
prod")hcé }gknngyp%&?@ers%han%mg their usefulness as oxidation inhibitors, especially for

petroleum products of the types referred to above. These macromolecular reaction product

typically comprise one or more i) aromatic amines substituted with one 3,5-di-hydrocarbyl-4-
hydroxylbenzyl groups; ii) aromatic amines substituted with two 3,5-di-hydrocarbyl-4-
hydroxylbenzyl groups; iii) aromatic amines substituted with three 3,5-di-hydrocarbyl-4-
hydroxylbenzyl groups; iv) aromatic amines substituted with four 3,5-di-hydrocarbyl-4-
hydroxylbenzyl groups; v) aromatic amines substituted with five 3,5-di-hydrocarbyl-4-



hydr oxyl benzyl groups; iii) aromatic am nes
substituted with three 3,5-di-hydrocarbyl -
whyasosspbenzyl groups; iv) aromatic anm nes subSL/US20BR1604
with four 3,5-di-hydrocarbyl-4- hydroxyl benzyl groups;
v) aromatic am nes substituted with five
3, 5-di - hydrocarbyl -4 WD 2008/ 048989 PCT/ US2007/ 081604
hydroxylbenzyl roups; vi) aromatic am nes substituted
hydrgislpengyly SRUBS: dVi) hayernatécaB\es SUbpjtaied xyith ety 3.5+ -gi-Bgisacarbyl-4-
r
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qui d hydrocarbon so vents %3005] Preferred

[OOOﬁthe&mld awgtogrolegniar axiodant pyedvgisef ﬁﬁecwesm’femf@n@@*em compounds

that %ule%\n{_gg}rdlaq 3(%02{3 %Pg)%%&%%% ttth“:(\f O?scglds tlﬂsltJ %n%lt%% 5O @n}}\ about 100°C,
prefdritei atsduo60°C 1AHAGhat aw c@faz&ﬂcﬁdiﬂ beinglaltsgdlvedia, coﬁm&nto@hlcab Bfents and

capabl e of e|n solved i.n, comon orgapi ¢ sol vents
espegip mé@b@@ivgnow e Vieaﬁ. @4496%65?“&8}‘10%6“9@%?50@% have higher
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sol'ubi ity Tn lTubricants suc for exa
viscaiity inisR SIOQ Nentgaloid 50% by valwhenghigh visetity mdesc2(5§ iNoptral such as

i ndex tr 50% by vol unme of high viscosity
referirer?ggkn Q%P&ﬁf)r {57?@% as referred toin US. Pat.
[000BIPSti1B afotfer Qfdect $10ARGhvetibh |s tA& ploRRIonaF PEEtanBbxitidHt Formulations

invention is the @rOV|S|on of new anti oxi dant

espegighyradaptadois useegﬂp erigating oxlgagderspecénlly|jg dubripating oils for internal
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f nal us I 'on engi nes ese an
heremnftéroxi dant fornulations are al so descri bed in det ai

after 0007 e above, and ot her
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appended clalmsI [ Al LED DESCRI PTI ON OF THE

DET-udstSg;PTu N W | nvention [0008] As noted
anﬁgg%?ﬁwﬁﬁﬁn cronol ecul ar reaction products of the
——‘present—rnv@ﬁ{|on are useful as antioxidants; thus,

[0008 has rotBdhsoe ahaaadrano lphdaetacasoptnots ¢! ﬂiel’p)&sém&t%htﬁnm are useful

products are sonetines referred to herein as
as alamqe%aafseah%r et MECRIRsIar FRETALRTOTNE 431 B Gieaeyon products are

soméfﬁﬁé's%@rlr&ﬁk% Ih@xrem a@Qﬁd/th)éH ARRhHCATRESAdib st pRYducts, macroonéecular

macr onol ecul ar oxidation inhibitors for sinmplicity
anticgidane domprlsdives, quredcermalecudantaxadetidminthitpioedfor senicity heAs stated

aborf TR R S e G s S B Gp BBn B SombmeS il app iauid o
roont R&Hefdass @PAHDITIREsolRIseh2 hithl dy (3D about 100°C, preferably about

60°C, and that are capable of being dissolved in common organic solvents and especially in liquid

hydrocarbon solvents. In addition, in many cases these products have higher solubility in

lubricants such as, for example, a base oil consisting of 50% by volume of high viscosity index



60C, and that are capable of being dissolved in commobn
organi ¢ solvents and especially in liquid hydrocarbon
weelosesm98? I n addition, in nmany cases these prediUs®07/081604
have hi gher solubility in |lubricants such as, for
exanpl e, a base oil consisting of 50% by vol une of
hi gh viscosity index 2 WO 2008/048989
PCT/ US2007/ 081604 100 Neutral and 50% b Y vol unme of
100 Newtal aridsdtssbyt yolimelekhigisgiseqsity indéx 2300%euars! sueh ey teegred & in U.S.
Pat. 7§()1Pat No. 3,673,091. [0009] The anti oxi dant
gpod% Q of the present invention typically conprise
[0009)€heOEntivRIdaANt Bloldtaloe dhaapieFamt iitveRtidmM B8picaly do@PEseOsne or more
nore al kyl ated aromati c am nes havi ng one or nore
allyliedl BAnetie aBHPg@Ids e Thaot) alplaisheronrdaamines 4a1ipggne or more

methg)égé Gﬁdée S). Cﬂ{mﬂw&g%(gﬁ&n%c ah& tﬁ/])lca@'& 95%{)111&: on@ B} 6= i) aromatic

tituted wt
amin8s Sibetitutey vhitb oae hﬁ%diﬂhymwrmﬁkfbfémy]belgzrybg:pgps sorpmcnmeterred o

referred, t as . non Lated ar
nerefnias hdrratt ek oRale Se DLe ity e neranate, # RE3.5.ai
hydrbaetiyaak Bk yibertiy 0 5i@xyd, ReRZdthesde RHBS to a&aﬁtasrmalkylated aromatic
referred to herein as di-al kylated aromatic

amines;ilf) agpneatigménca abse g te gt thea 8 6 dilxnwrﬁcetrwléehydmxylbenzyl groups,
someff%nfes %féxj}]é/ddtlé %%x%frpzys trlﬁlﬁlxﬂé@é?é?ﬁﬁga?% gesg'f UPsnatic SRIRS 's{ﬁ?sﬁtuted

red to herein as tri ITHtIC am nes
withifeyr %—dﬁf@tdr@aﬂjjfl méxydmkljdbénzyhgreups vanbdtinfes ueferred to herein as tetra-

drocarb | -4-h drox nz gr ou S
a1y e PRy e O Pt SHRYAIEE A Bl By crocarby -4
hydr@.{?ll{b%ﬁyl g‘t‘c)up@rs%ﬁﬁhfn%s AT RQS o B dstﬁéhﬁdalwy}lét&l floM@tic amines; vi)
|-hydrocar byl -4- hydroxyl benzyl groups, sonetines

aronra_e¢ aninesisubstiteed avith s 3 Sedithadiabatyl dtlsdiresydenzyl erans.newetimes
refer\éld) 0 8ereﬁ1r%the§a %g]§IF§§ ﬁolﬁ%l?l% Enﬁ—g:g daan‘i 801’?6! & more met}}ylene bridged

rocar enzyl grou
aromfa@f ﬁﬁfneﬁsubﬂlthteﬁ eiith oﬁSoﬂ”tﬁmaB,ald(-yl[yabmibﬁmemmx@lbamyh@ﬁum Itis
and vii) one or nore nethyl ene-bridged  aromat

prefegyed faad t@dﬁ%qtlp{l Bresycisiof edieserg inygppign contain less than abeut Swt.% of
L

m%@ PP ARGl fhofc YR BRADRREN O RYBE st onti

total iww@m of thereactinngiroduce sls othisaembdsimentSihe rédctdn pradlmtsectf tlee present
m nes s ed with one. . . .

inve TR AR eI ol ARG Ry sy b Badyapparty-+

hydré8@vent@tbupseig htill Wthdr Renboeiatehisahe RARMIENT pxloﬂu@§ BEthe present
enbodi nents the reaction products of the present

mVeliltWéﬁtl‘ia@rﬁ"ﬁo/ﬁ Palers of agupatisapyines sunstivedayighens b5-anpidecarbyl-4-

u
oA ey LR it AP BRRL M B it e
hydrax;tlbanxyl@mm)s Enaodusams bads. ﬂmmnmeﬁﬁ)emﬂnentsrthemtuomiampmdawtmofthe
% or | ess. of aronﬁ m, nes subst ted wit one
preseglt Snv&ptlmwgp@?atq mgg) {?1 Blew erat)%cﬁjﬁgntgrgaea er than about
45w Ol BIHeE erAF0 dhGSntS Whsatdr tHah @b Gt % VT aromatic amines substituted with
3, 5- di - hydr ocar byl 4- hydroxylbenzyl groups, on the

four 3.4 rpbrhrss@x@pa:rbylf%h Ibsprizd @fonpih pomatihem s subsitdigA pvith five 3,5-di-
hydr{)) %&&F%E}grﬁaenzyl %e&; gm)os hg}&% é %ﬂnﬁe%np&ﬂsﬁﬁtte%r %eEIX 3,5-di-

reater
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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45wt . % in other enbodi nents, greater than about
50wt . % of aromatic am nes substituted with four
W@ 2@sdisokydr ocar byl - 4- hydr oxyl benzyl groups, aPOITHE1007/081604
am nes substituted with five 3,5-di-
hydr ocar byl - 4- hydr oxyl benzyl groups, or aromatic
am nes substituted with six 3,5-di-
hydr ocar byl - 4- hydr oxyl benzyl groups, all based on the
ﬁommbmaﬂtméﬁghﬂhﬁﬁénm@%@hwmdkbdmg¢0$mmmdumtIMmbmnhémdbaménmm
nent s, roduct f th esen
preref R A S TRl Coe g BF St s o bl 8RRt amines
substRGed SRR 6083,804%-dif Hyardcab piLd-h{drb:6/ i8Rl teralP¥vtall Yased on the total
referably in t he range of from about 1 to about
weightsithagntighidapipseduchr ef erably in the range of about 1
[
[001 %m%@rg%rﬁ%ﬁg 1rtn|91?t§ ifeP%anﬁB£1§ Mﬁé@%ﬁ%@ﬁ@??{)ﬂeg&?ﬂv&&g% e described
as coBypoisiaiy 4}1y$$rtba:rmbbyﬂ Svit-Ymypatefovalyess hyn agowdps.o, aldre pratedbly less

v k351 55 e S5 ST e e tons

groupd all rb@seﬁrcﬁxstﬁattothanéﬂ tl B L ARioRRIaRtGF6dUcRAH lesB%han about 10wt.%;
conprising i) less than about 5wt.% preferably |ess

preferabdh leapthan abowt, Dwt. mmeremf@fp@bbfblbgﬂ tha gbout Hat “mlgomatic amines
substgtugzﬁ&vlté’twg? %Etrl‘%ﬁro_@ﬁﬁ)ﬂ %}P/grl)é)g?% giﬁ%'up ,razl)lﬁaé)eﬂ%n qe t(gal we Oght of

the aﬁnibxﬁdmt Iisromalt iein g’@trangfe of frem abiut Owt. tao bt @ﬂwc%,, prefefably in the
han about ,, preferably |ess than about
rang%%fm% abeyt %’%&@P%Wr @é%or? Resferamibinthg rpged frem ghrytt pwte to
abou@%@?‘% aromBgd h&%@@u%hh!eé Wﬁh three 3,5-di- hydrocarbyl 4 h droxylbenzyl
5-di - hydr ocar byl - 4- hydr oxyl benzyl™ groups, %
groupm ont the sarae bdsisweyi) githe aﬁge afHenaatoubXivdérid apoud dﬁjwt %, plelfe)rably in

in f g b %0 L O
the rigbe ol Frol 26 Pl RrRRRRM Y agie hBaGRI I T 2 g abou
20w twt afbut MBIWE. 2P L5 eatabhiren §ubgt1tntam geitef folif @-aitgdtocarbyl-4-
5w % to about 20wt.% aromatic am nes substituted with

hydrexyjbsazyd geugs. Oﬂ;ﬂ&rSé@a PE8; Y)in Hiedpeged BemApput S§itGipabouppiwt.%,
\,
el RAAP e g ol SRRSO . R AR 1 e o
fromabauitl 04 ButRébbot 4lbw.Lit ar6feic. Hincvonstipted witlabive3, S-dl-h)ldeocarbyl-4-
0 ;
A A A e e S B 3 (LR
prefdfdbly PxKé RABE ¥ froh QBB 5we% th RABo1E 38%t Y2 Fios préderdbly fhhﬁ’e range of
range of from about 5wt %to about 60wm.% preferabl

fromiaORHRa Fod G BOUS LONF iAol Ie T bR Sk i e by1-4-
hydr%ﬁeﬁ%ﬁgwﬁﬁm%fl Eﬁégs%]&lgg%?séﬁkl vur) nqu: %Rgﬂ&%f fJOII_H%LéOItt(S) ab%ka%wt %,
prefeSabﬂiy i thél;&dg@ﬁiafrdm hbalt 1y ebionx jlﬁ\hé’}fazmbregﬂ*@fbu’fably nothetrkr@e of from
abon T 08Bo O e 958 s P HoR e R GETHe B Ssglaged with
one oﬁ"l‘ﬁo(%g@ AU 3BVEA-H0d SBNRnRN §fRpabl y in the range of

from about 5wt %to about 20#it . % aromati ¢ ami nes
[001 sjuB=tantioptidaht piodhcts pith@prasedi mhﬂyl@p@ also byjtam, in the range of from about

1to ?I%ou% ?&X\’gﬁ é/tJFI‘ragf’ a Ourtalcl)gne tfhfeo Sageutggg ia 0 (%I one OI' more

phenolics represented by the following general formula.



preferably in the range of fromabout 1 to about
15w . % nore preferably in the range of from about
wdaosmnisesabout | Oat. % of one or nore net hyl eneebhUSTIgBEB1604
aromati c am nes substituted with one or nore
3, 5-di - hydrocar byl - 4- hydr oxyl benzyl groups. [0011 ]
The anti oxi dant products of the present invention also
contain in the range of fron1about 1 to about 10
Ww.% preferably in Rk Rrom about 1 to about
5 wt.%of one or nore represented by the
followi ng general fofo 0A8/ 048989
PCT/ US2007/ 081604 R R R wherein each R
and R are independently H or a hydrocarbyl. In
pr @h@ﬁm@@lcféi’qmuf ‘esindependenty H oRa hidrecarbybr Ingreferresi egpthodiments,
Iy 0 f k
R ang rR rgplf Stl%%gilf Fri bra c% 30/&8]'} %%r%glgrh?%oﬁ%ﬂhainf 45 V%raup Ina
partlEﬁla@r erdfatdd bmb@ldlmadet el ®onmpeund-bus/l 4nd' the c[ompound is 4,4°-
met hyl ebls I -tert-butyl phenol): r HO [00121 In
HWHggﬁ@%g ﬁ£ﬁW§ngH@ macr onol ecul ar ant i oxi dant
conp05|t|ons of the present
nore conpounds t hat
fol |l owi ng general laal: RL RS N (R3)P
Cn ' Ol (RM)p R6 is Hor
hydrocarbyl, R2 is H or 5 R3 & R4 are
3, 5-di hydr ocar byl - yI, R5 and R6 are H or
hydrocarbyl, n is a whole nunber in the range of from
[OOIabmuiomeOembI)dabmﬂ tie mcmnﬂl&qam entidxddaat camfgit®nant thetgresent

in the range of from ut 1 to about
mvel?tt%?é’ﬁlpﬁ‘s%o%‘g“ TH'P §°‘§13%H®F glaﬁ B R TePRESENFE é]bryé%g’%wmg general
ﬁﬁm&ﬁppggmmgm 2 to about 10 when n=1. It should be noted
that in sone enbodinents, the nmacronol ecul ar
anti oxi dant conposi-tions gf the pregsent invention
contain nore than ope nnlgcule(gﬁpre ented by the
above-descri bed gene

i nventi on COITprI Se one or
ent ed by the

et
(Rpja R6 R2 dm

wherein R is H or hydrocarbyl, R is H or hydrocarbyl, R; & R4are 3,5-dihydrocarbyl-4-
hydroxybenzyl, Rs and R are H or hydrocarbyl, n is a whole number in the range of from about
0 to about 1, p and q are whole numbers and p+q is in the range of from about 1 to about 10, and
m is 1 when n=0 and m is a whole number in the range of from about 2 to about 10 when n=1. It
should be noted that in some embodiments, the macromolecular antioxidant compositions of the
present invention contain more than one molecule represented by the above-described general
formula. In these embodiments, each of the one or more compounds can have the same or
different constituents for Ry, Ry, R3, R4 Rs, and Rg and each of the one or more compounds can
have the same or different values for p, q, m, and n.
[0013] In some embodiments, the macromolecular antioxidant compositions of the present
invention contain one or more, preferably two or more, compounds represented by the following

general formula:



formula. In these enbodi nents, each of the one or nore
conpounds can have the sane or different constituents

wo 200818982, R3, R4, R5, and R6 and each of theCDOS2007/081604
nore conpounds can have the same or different val ues
for p, g0 m and n. [0013] In sonme enbodi nents, the
macr onol ecul ar anti oxi dant conpositions of the present
in entk§  contain one or nore, preferably two or nore,

ﬁﬁgﬁ represented by the followi ng genera

fornula 5 WO

08/ 048989 CT/ 52807/ 081604  For nul a
R

Il: R5 RG R/ K2 9 q RRRIR
oH | la Il
are ijnde OH|,

i ndep&fiden r 8d or strailght chain
al kyl comaining in S to about
8 carbons, preferabl @ of fromabout 1 to
about 4 car bon at ORg;, q & e independently
whol e nunbers in the rgqnge of frawm about 1 to about

10, wherein p+q is;about 10. JtT—shoul d be noted that

if the nacronnlecular anti oxi dant conpositions of the
prebaein R RwBrendRs ddiotmiln Hmledqph@d@ntbyﬂal ot bngwml di &R’ are

mde%endngfya})é/dro r? grcep br%}cl heg% g&){n‘%’qu in agapcqﬂ%nr%n% gne rarﬁ of from

constirtuen

abou@N€b ABout AEboRaGRefOhbI ethe %g@ﬁfﬁﬁ)ﬁ £bou€ D b (HTSca€tM atoms, and
have the sane or different values for p and g; and
p anggprgriftdgpgndgntlyoyfrolgznymbers in the range of from about 1 to about 10 wherein p+q

is about 10. It should be noted that if the macromolecular antioxidant compositions of the present
invention contain more than one compound of Formula II, each of the compounds can have the
same or different constituents for R, R, Rs, and Rg, R and R’, and each of the one or more
compounds can have the same or different values for p and q; and

Formula II:

0 °“

wherein R;. Ry, Rs, Rg, R, R’, are the same as described above, and p and q are whole

numbers and p+q is in the range of from about 1 to about 12. It should be noted that if the
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R R / OHP R RRRRERRE RNHOg R RR O

P wherein Rl, R2, R5, R6, RR R, are the sane as
walemsnidoerl above, and p and g are whol e nunbePCT/ERIHN7/081604

p+q is in the range of fromabout 1 to about 12. It

shoul d be noted that if the 6 WD 2008/ 048989

PCT/ US2007/ 081604 rmacronvol ecul ar anti oxi dant

osjitions of the present invention contain nore

maC]iOH‘gEF @an Uﬁ@n%qsﬁ’:qulﬁ mmt]aﬁ pqepent é@\@ﬁtl@‘f cx@rﬁ@n more than one
com &ﬁiﬁeﬁlﬁ&&u&%ﬂ %@N@f th@%(snﬁﬁgﬁ a %Jefﬂg Hltg gg ltehttcﬁﬁﬁhéents for
Ry, szr Rmné P@,oPrplodl Rdsarclamacthaf/the bheosame @mpodidsfoan @ate the same or
Jiff t ues %or IHIand g. [0014] It is also obvious to those
16&% Vg PP art that the substitution pattern shown

[OOIH]’H‘[ RS ABUS tothdsk skiB&Hn tHelartitBat fHRsubstiREBH pattern shown in Formulas
LI §£r esentation only and the al kyl and phenolic
8

B istfon Vignas repppentation onp and éheaikd land phraoly stibsttitiens may take
plac@gg él}/ﬁe §{/§11§1§16%&1&6‘§t@9§ﬂ @g alm')rle%?c%c%h [0015] Some
non-rrmting exanmples or SspeciticC COfT'pOUI’]dS
[0016 pRoasemt laditiny exdnepladad V;&:cd'ﬁ:&@ﬁphlﬁﬂs repedsenttdlsy thg govédescribed

formtlgs?r;l: HHON OH N




H HOOH HOOH HOOHHO/ HO\N\ \ | NOHNOHH H

\' 1\ NI OHHO\ I HO OHoH OCH 7 WO 2008/048989
wEROnseERe7/ 081604 OH OH HO ( / \ N\ Nt \ PCT/uSi07/081604

HO OH [0016] The anti oxi dant products of this

i nvention, such as those described above, preferably

have boiling points at atnospheric pressure of at

| east about 175C. The nunber or average nunber of

2, 6-di hydr ocar byl - 4- hydr oxybenzyl groups in the

products of | thjss i nvention can vary depending upon

g. For exanple, in the case
uted only on one ring by a

kK§1 group containing in the
ar bon atons, the nunber of

s nine while the nunber of

[0016] The antioxidant products of this invention, such as those described above, preferably have
boiling points at atmospheric pressure of at least about 175°C. The number or average number of
2,6-dihydrocarbyl-4-hydroxybenzyl groups in the products of this invention can vary depending
upon the number of replaceable hydrogen atoms on the electron rich aromatic ring. For example,
in the case of diphenylamine substituted only on one ring by a single branched chain alkyl group
containing in the range of 3 to about 24 carbon atoms, the number of unsubstituted positions is
nine while the number of activated positions in most cases is actually five, and thus the number
of 2,6-dihydrocarbyl-4-hydroxybenzyl groups on the diphenylamine rings of a product of this
invention will typically be no greater than five,
[0017] In some embodiments, the macromolecular antioxidant products of the present invention
can be, and preferably are, characterized as having one or more, preferably two or more, more
preferably all of the following properties:
1. substantially free of unreacted aromatic amine starting material
2. substantially free of the phenolic starting material
3. substantially free of aromatic amines substituted with one 3,5-di-hydrocarbyl-4-
hydroxylbenzyl groups
4. have very low levels of aromatic amines substituted with two 3,5-di-hydrocarbyl-4-
hydroxylbenzyl groups, by very low it is meant within the ranges described above
5. are rich in poly-substituted aromatic amines, by rich it is meant within the ranges

described above



invention wll typically be no greater than five.

[0017] In sone enbodi nents, the macronol ecul ar
waedosoxsosant products of the present inventi onPCT/HI200B081604

and preferably are, characterized as having one or

nore, preferably two or nore, nore preferably all of

the follow ng properties: 1. substantially free of

t tart t | .
Co SRSt KA T GPiGérd ARt e i e f
[001 §] In%&@?&*@@ﬂb@hﬂrﬁém&r £ the@lacBbPPBYLSs FF me'ﬁ%e&%ﬁl@)d&r@ Hescribed

one 3, 5-di - hydrocar byl -4- hydr oxyl benzy] groups
as halllngh)avef Vérlylslﬁow I eveI s of aromatic am nes substituted

[OOI%’I’ crfn%bémﬂar qnti OYI{}i%)Ig'lrtﬁloltisx(é &1 ¥ ebsgn %\g%n?liroggcgn 'also be

descﬂhﬁm 151u1cﬁd51€10bvl Iﬁbﬂtlh@ am@mhoﬁyhﬂidls t\&dﬂxeldg}aﬁcﬂﬂ@ht)ﬁmadﬁgmeﬁ)ils, as
rich it is nmeant within the ranges described above
desctsbf’*@\@bgmw 048989 PCT/ US2007/ 081604 6. contai n
Use S RAERET o dRES D B Rt (&A™ ne phenol i ¢ .
macr onol ecul es. [0018] ITn preferred enbodi nents, if
[002®]hﬁaerreamph pmdpm diihe grenséntumentpxmecsle the maldv evitilabla fammse or sale as
? Fn avi ng one %‘1@ [ S t[rt % @E 1l
nea%a"é’(%’r?ﬁf IRRUIOArSEAE i2B,A7HS a‘Eo‘Hﬁ&%uW"é’ﬁss‘B’F PRéPrEs dnt™maty

suscdpB¥RNbI M Eid d@ﬂeﬁ@raﬁ@n i ercpreace @ﬁaﬂr'o@l lé'xfj oAl 1n0ﬂ'(15 usage, an
nel ti ng anor phous solids with high sol ubi

antiogidgntrigagiity of a nyel pradust phibls iawsatien caw@e bt@ﬂdq@a@h ﬁhe fubstrate such
r Vv

o PLEALS BF 1 B 83600 e AN O0R G PR o

naturahv@islyathtte filorer usdasoomaal e as  "neat” conpositions for

[002@@}1@&%@33%&)’%9 %g{éeglagg %qngtﬂ %g%%b%%?g z%E)t%ctmg such organic

mateFlSlaghih @ pAdnAlte bRidithe deleRSRNELINAhe Fbden& of A VS 8§‘ygeh MThus, when
this usage, an antioxidant quantity of a novel

adapsd deruese aphn addidve invedlat orngror gzme kractinneprdéuttsmfithistimention can be

partlefﬂ'ly C?x‘iuégci Br %lIJSgglV?dﬁisn ad b%reas)iaonrpprg?ess 01lugrr ca?na{) b?engecl wiffi other

compblnblgg)ﬂﬁf dre G(Bmlaonly atddrifh wode \&yieltyhﬁtubﬁcam@o @;ﬁm@fes of base oils that
el astoner. [ 0021 Addi tive conpositions_of this

may pepsed inehie Coem Hmné 111 el othiaip o Phsy o efdnst mgﬁega gters, gas to

11qu1@5&%5 Gils ARIDRI- b?skd ﬁﬂsa']ﬁgﬁﬁngf% 8?@5&%%1%&‘&% 4! be used to produce
deterioration In the presence of air or oxyg

new antdenciubldbyitasthddoive bsedasitlathe smdiidn preducts obihle snvermcm 1o¢1ude but

are nrgP lii%itreg 6%8} éigpersgrrltgdge%ergen% atnpilv%alr 2{3& E%sogxtreme ;?ressure additives,

corrosion inhibitors, rust inhibitors, friction modifiers, pour point depressants, viscosity index
modifiers, emulsifiers, demulsifiers, seal swell agents, solubilizing agents, antifoam agents, acid
scavengers, metal deactivators, and other antioxidants or stabilizers. Combinations of one or
more of these components can be used to produce additive blends with one or more of the
reaction products of this invention. Also, additive compositions for use in 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, greases, efc. can be formed
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partially diluted or dissolved in a base oil or
process oil, or can be blended with other conponents

WO bas/0#s9e9 commonly used in a wide variety of PCT/US2007/081604
| ubri cants. Exanpl es of base oils that nay be used
include Goup I, Il, and I'll mneral oils,
pol y- al pha-ol efins, synthetic esters, gas to I|qU|d

erived oils a d b|o based. oil .Exanmp| es of othe
by b§ Bding PREY DA %%Ctﬁgé’&’qu@s ﬁ? et OB e gpIvent, or
carrllall"tﬁlhﬂ GADbr Gt hYe Jdthe? @Q§ab\ﬂé jdaithee TRAGIdiIAH P&%@%ﬁs of this
of the invention include, but are not limted
invenfion@depiedipsyse dectlércg@mn@m wrikd rapgsanf 5 a\d‘m to Petlp dqx:ndlegr@on the
res |ves ors rus

number an pg rog%%f: ccg{lpdélﬁnt < {hfasoéepg f)aﬁ% Fpg t(r)ﬁal welg}lt of the additive

compsi h)foﬁSElamhéd lubtiii€iag bill yofihididxentiah il Etdn arﬁzmmloSidﬁﬂltqtl@ntlty ofa
demul sifiers, seal swell agents, solubilizin

prodyg{of thiwiny eiient ¥hich ampunt Spialingieit deastabp 0. ke pre‘féﬁfa@}ySat least
aboufNetR 78 &no@@fsﬂegmbmﬁe%s%o&tm% b&sel §n thER5ER J’V@%Htef‘tﬁe Rhished
one oOr nor e t hese co onents can be use
lubripatmg wde DapldidingwpobHergs cxf/lstrhlcoﬁe wauichntbe eil of Iubhceztmg V1scosxty is
addi ti

TN TN R TR R

as anQidtBive E@hﬁbdsﬁﬁﬂ cOREiniRy dnB @r MR JtifcR BérBipordais Wik kypdafy be no more
engine oils, gas turbine oils, steamturbine oils,

than ghquad § wiver Uy BE pemobdsis; rust and oxi dation oils,
{002%%?1{66&%!)1]1& ﬂfné 4 gsc'e'd 11‘; BHIDL &§§o%§m£x{t§"$fq§e égéng S)\O@I%IOH%})III Be mineral,
ench o1 I's7 manual and automa RIRSm ssron f I ds,
syntlgéaror oblesd ofgniaeraesmd/ce ymthetiatubbieatfngoiie dT'heSe MM are typical industrial
2008/ 048989 PCT/ US2007/081604. by bl endi ng one or
or rgRe Qe T35 66 PV FUrpiRPSS PTG N RAGIdS, Sparc
ignitéH ddQBknpre3 Qb Blted Pferndt B6hbRfiod érglr@s GBALQR pRNBInREI APERines,
ot her SU|tabIe addi tives. The additive conpositions o
autompbite angl fruegngongs, a@mweqmdﬁ@hoqupbespkﬁnelnles Méngrag bibrigdtimgiorls can
be rehner%éom %%%191{10 gsg\%a“( bt%aﬁlzt?le%(y gnenrx] cg‘mlge(#t%%e P&ﬁ The lubricating

oils daapedistinaté hﬁrehﬁﬁzﬂﬂubﬁ&k@’(gtmbf sutigs faglehakipls brlght stock or blends of
conmpasition, Finished |ubricating oils of th

is

the ofls {egivs BENIINGY basspel of demiredrRroRSIHCE a St Nheticriass 9115011!86%0% be (i)
Vv t
alkylpersf%fgéég{dl&fr ogltlcc‘adl@s &P%@gc;lsé ?ﬁeHr aE? ¢ é%m pgg%?bﬁaﬁéleﬁns' thcluding
polyluterges, émdalkyirbenmea‘ éwmgwlmstdrsaafshoabmm acBlsywr%y) olysdigone oils.
the fi bri.cati
e e Gk A VERE Y Shoat2 aPuR e apd BTG HEuE)  tosbour
11 cSfat ool cating viscosity is intended, the anmount of
t he product of this invention blended therein either .
{OOZé]sA%ff iy eonappsitiony adanted fps vag imdarming Bawie rﬁa@sqomp@ﬁtmns of this
e r r r

mvex@%ﬂi@é h%zﬂghrgs hdé%eg lSJ et%&ggmgggﬁgggﬁﬁgh% fwlé th%Qﬂ l’):ealjoh?{ed by
blendif@2iewTther pravidicathert i dntiosidaht anarttitgesfeommh) nd]rmﬁrhs reaction

of the present. i nvention er al nt het
prodigts %Ih thyp EW gt inthgdorg) ofaR aggﬁlv"s%?ﬁipﬁ@f‘%oﬁtﬁ‘ﬁ 1“%/ 8%‘99“&@““1’“5‘“% at
least %hé fovel SR UAN bﬁthffsr iBvdnYiBh ERbthbNds bid @I mor®bthef AWHAS Such as
| ubrication oils for gas or steamturbines,

detergerdn savisfilngs, @cfmtﬁylﬁprgl_gorr@smm mhdgorsgpgtakdeactwators lubricity agents,

pour point depressants, cetane or octane improvers, antiknock agents, anti-icing agents, efc. The
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i gnited and conpression-ignited internal conbustion
engi nes, for exanple natural gas engines, autonobile
w@eashis98k engi nes, nmarine, and railroad di esePCT/US2007/081604
engines. Mneral lubricating oils can be refined from
aromatic, asphaltic, naphthenic, paraffinic or m xed
base crudes. The lubricating oils can be distillate
or residual lubricating oils, such as for exanple
substsatp Giels ogn be ferived fipmenstrglenm or pqﬁ)é)e(gymtgettcéugg; wethgy can 'be blends of
£ ni t [ I t
both B%cgl et?]%;? ?fs 1?1%%12 §cgﬁr:1 %Dn%ﬁl?%%ﬁ{es?e%vrgoﬂga 5&101‘?35’1%1 at’?‘X&ﬁtj\% b'le%d of this
invetionadab oyl fremaciwes to p@lwm pasel onahdtoad] oalight of thei dd)litive blend,

|l y- al pha- ol f|n ncl udi ng pol (iii)
depeaq?laa% PN By f&% r‘&poé‘glﬂtél‘%ﬂb"ﬁ)gﬁﬁﬁiosphor ic

OOZ@FLl‘Eﬁld 1 c&M?}os@cﬁJnX sf thﬂs HRBRIoR 'a}e?typmaﬁg %rﬁ@@@y lgér{dm an antioxidant
typically has a viscosity of about to about cSt

quangifycbfppt lehse pa¢3¢fyhat¢@@itonz>r®utt© OmeJtlvenllQn v8h ﬂwtfuqlo@mer as a single

sadig e ey R e CRTRRs, SPEr BRECLEP el aolPRolfl oo aaaiive

conck@rage Gongﬂﬁ@d b $eastdine 8 Lihe Fdaclich, prbfﬁictsfdﬂ’ eliSinv@a®nldpetlen@ith at
engi ne fuels, etc.) can be. forned bl endi ng

leastORBPBRH YT 6 fuchadsiyivs e %%ér\f@mn%ﬁtr%t?& qf i wa?ntloaﬁaﬁemt gpntain
in thQIan & aB5ut3R6 Qlﬁ&lft ?5 R8s %fﬁgéaklgg; oPfhe QUetiSh n’p]ﬂgddcﬁ' ot thls invention,

inveéntion int ormo itive conposition of
with i balaneateri 09 witbo (bemrg phescbrm@praotheﬂ addiiveand optorally celilpentmblvent

of. thi.s inhven e or nore
or i Byl VS RS e SHETSGLR bF QT EpPrEy s e Anished fuc
comlslﬁmh&ymc@nyseonw §0fitieRidhm LAt O She raREeAf about 0.0001 to about 0.1
deactivators, lubricity gents Eour poi nt

wi%crag peaferably én the g ef a@pu i@alionp?- 89 B4 of afdeastang ekthe reaction

oS s A SR8 e P Lo ARG EAREAAES

[002pEL mall efouese be anddretosd/thitvathlendingedns or moret diahye re;wm()b groducts of

bl ends of ot uch es of materi al
this ingengian aékﬂ‘i&ﬂ%ﬁ%?tf%‘ﬁ Oalnthaa%ﬁcwwo H‘Céﬁw% “&5‘? "’c"ﬁ‘i‘%"“ may no
Iongérnék@s@tlﬁ @Ractl r!hé/ e £ ngfgsf?l(}%l(ﬂ QO M&{%e?@ﬁﬁﬁ é%i&tfbh% such
total weigh the additive blend, depending on the
substrgtp éxehqxrdnln o nb@crampfe beneey ntmgsowehose Cprmnqrh ef th¢ ethet components in
the @Slp i ancﬂ fhel Ul Gompostid ons ol Kig Javentl on f‘{)eoomm
f'c mE&mB/y BieRdng At 5ht Poxi d%ﬁ Y guan ht J
dissd¥edaih thceaﬂistrﬁe guddfor blle H@aetd, encd trdigilsd afiel hlhibrlcant possess
invention with the fuel, ,elther as a single additive

antioXKlapIY PR beFauge o Of thecidgon et the gneror WW@}IOWO@% of this
mveﬂ%' fhb ggs)mb%ty @Psu@ @b Ghs ug&mﬁfﬁ%ﬁ Al sﬁ%ﬁﬁfe'nﬁ%grs Abt. What

t one” of e reaction products of [
mattem pmsmano‘m) thie gmemmn lv\ﬁhtawlaitevet iefsmed n]SJIUUHE(hhmypES effectiveasan
t'fﬁl a(?ditive The ad e concentr at B t LS. 0 ete. with
antOX R %ﬁe‘i%BQY>ce§Hreésé?iFa§P a Wﬁﬁ@%ﬂﬁ 6*1“1%%8 Ut "5 {6 ™M
referdi@Ub a9 Jeadd HeOdf @b réRAST p@ABtOLSf tHE inveRednl 48 tPbOUHErSiood as
of this invention, wth the balance to 100 wt % bei ng

refergjpg toothe gbleast @w@fthaaw@qwgd%ﬁcpfébﬁ iny§alignas ipexdsted jasftprior to
t \ t
bem%eiexﬁa PH ﬁ%e ad%&{ |{/e&11glglnoé ggéercgl?%g ﬁgthf Pﬁlo %ln}pon nt.

[0026] 1t Wl” 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
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conpositions typically contain an anti oxi dant quantity

in the range of about 0.0001 to about 0.1 wt% and
w@e@Bossakd y in the range of about 0.00 1 to abpCit/uS2005081604

wt % 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
under st ood that on bl endin ne or r f the )
reactjosPEQdusty Ogﬁhadﬁwgmblremaw%%P(ﬁ%%iraﬁo W?Pﬁ%eafowaam fgquired. For

examDWOF 4 Bt HiCleval 0fQhd readtdf pFRBEHd) BNthRTALHGS o fRh vERIfDm about
invention may no |onger exist I h exactly the same

0.05 wﬂmsmou voifio, dagedfonrthe maltvwght\@éth@ fumbnd mﬂbﬁn@ pidn However, in an

englr}enctll eg%[is’l 1<‘taﬁt St %‘81;11 a%B?tCH i ‘ét 5 OVF aseg r% 6 %ﬁ%ﬁ%elﬁh‘t ofthe
engiteldl. filedw Q{osﬁhdrusébﬂgl/n@bﬂi &Qyis g V&9 Iﬁ’@hﬁa)bow OtFro@bout 3 wt%, based
ot herwi se change virtue of becom ng dissolved in

on thts Freial gyt Pféﬁb@lowumosmr%epgmﬁe\kemhospélpw&@e@ RREinG Hlsdeets may
be as asHbolitPE £33} &Q%%%%ﬁ%toﬁin We%ﬁ# giflﬁé plfbrsﬁ’rﬂﬁ"ﬁst f‘r@esenglne oil. It

ause of the addition thereto o e one or nor
will Iveaatdbrstm)d phad diiott.86 of badeid on thetvwhwveight, ofttRIfeﬁrpsjwé |oti|0bmtaynng all

.0f suc ransforna ns on_di n in the subst e.
Sl S A N T
compositloR@THYE,ahi€ R Ention afse bf@ﬂieb’%@l ifipedvedinktbdsT rddScing oxidation,

effective as an antioxi dant. Consequently,
redugingyiseositwinereats@nd aelymerinatian.mpdvgingacid hermatiprgndgetaining lubricant
basmtgggzﬂ\lgaklﬁ F;Frﬁgdgh gucrug% %{ ﬁ 0 gndt cPegnélt 1*0%2’& onor%gqulfég frlt&ﬁon and wear,
redudifigléspsideack @asZDDefad phorsghd.rﬂs fbh@(lMtloh eﬁtSdepOﬁﬁ:oﬁfrolt dxgending the

re,actiaﬁ)n products of this |C{jﬁv ntion as it e(r { ust
usablgifepf flgubrisantigenbipRiIBaY o AIie R gt Hhangsy 2 %ff} ipbjgienance.
In eé?&'h (ifas%@h %éth&l@dé %br%ﬁthco%gﬁési@ihh‘eo@ thiQ TRRNEHE com%r@&ggﬁl&n oil of

al so be understood that the anount of

lubncaéaetvnsow ltryrvotluelnsh s beeni Blended @nentarxidant guantityoif gtleapt one novel

| ' . ,
o5 8 GSEPI O ST B .
methB@Ef 1'1:@2&917% \(B8 d8Q4tionrsedility ofn Ipbrdtieg Sil, &fhetelr said matRed dodiprises

ei ng used, and the desired |evel of performance
blenc#legmilth @dubrizgiing ‘Ek@rﬁﬂ‘l“@“o‘i‘ ?fa%zhtyurrwmwgowount @ Jegstgpe reaction
i Qfh ffta @) it
prod?ér?gﬁn{hgggﬂénﬂan p%gqy%& o%dat?cm s?ab'ﬂW ggtiﬁé gl is g{nﬁgatt‘g}{ 1a|proved,
as cmma@htto tfe stine ofl iden cdhefth Iteambnrpeocmpﬂ of tllubmvmfop in an
oi.l . levels i C f rom.about
1002 5581 B pangince LPimmatipYp i fle b Ty nigpeether
comlsblnlents kHat bedprpBosphorus engine oils, levels may vary
fromabout 0.3 to about 3 wt % based on the total
*Detepaernyh@.5 &1 5.9 We olappurp h@‘g}gyﬁ]@pm culegntipie. diqneentigtes typlcally contain 25
OREI.Q free engine oils levels may be as high as
09 a cﬁi?h%lg(?ﬂ ‘5 wt% based on the total weight of the
-Dls;piﬂsnsp Har g -0forvees ampgievempbhent bit convdnkrateb € onedestss tgpidally contain

are based on the total weight of the
25 tof?%‘i"%/aé‘éue&w‘ 'containing all additives, etc. Wien used

Zin® aan@tdlmmtphaspha@qimg@) Podict.§ wabs Esh%)lﬁ'e IcBMBHehP [WiBtE théSlower
as antioxi dant conpositions. Thus his i nvention

amomtshﬁlmmfeﬁ"é@ novel inproved methods of reducing

'VlSCOSlty ENI&? Rer as an optional component: 1.0 to 15.0 wt% as pure component or
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reduci ng viscosity increase and pol yneri zati on,

reducing acid formati on and retaining |ubricant
wh2ms0i29%9 ( TAN and TBN), reduci ng varni sh and PEpUS1007/081604

formati on, reducing friction and wear, reducing

dependence on ZDDP and phosphorus for oxidation and

deposit control, extending the wusable life of al

| ubri cant nenti oned above, and reducing oil changes

conceiEts; drANCPIErafes ftypiey eiain 5|tp S8 aeh difreni@dh net hods, a

. ri 0
Add H(%H %@l@f(ld%ﬁ@ gsc‘(%r%:goqg}?og% %iﬁo%a &Ylﬁﬂél cgﬁﬁ&ﬁem, OTQ'd]n[g 19Wt% as
pure bbiapaedt @roatehirotki (dﬁmt:ntmtmmypmyly obntaih 25 ea80 wt%@hlnau ell;
rodrct of this invention is utilize

"Adqitigga] 0diives asomnp pr G OREPIAhEARIACIS usteﬁirgan?w@ﬁvffwwnr@paowde

the iffEAd3Q turRfiond FRACMIARG clshOn@ ¥} Hdle a8 oRlndddifhdrd, YufHlerfental anti-wear
| ubricating oil, mhereln sai d nmet hod conpri ses

additfyesnafitinfpani agdents, Imb rswelétalgﬂgs oinpulsifieroxdataitlsifierss extsinte; Dlyssure

IR PO, R RGBT RS R S aBL Rl

«At léReomiptodiust Fttdninfdtiantd. y— 2 Spvtay @dth thedalaf@Tp a0®E % Gorhﬂilﬁed of
same oil dev0|d of a reaction product of this

one QraRIRPIERIIS[ 0027] An exanpl e of an engine oi

It w1ﬁ 9@&%%5%09%3@511 L %Saré 9&%@@ bih 9 tdtﬁ Je@é’hmhpﬁnl%e%rb% eégtaining all

conponents that conprise:” Detergent: to
mHHBﬂ&ﬁM@@as pur e conponent or concentrate Cbncentrates

[OOZ%iy ,gkc alog?lgteg 8&&% 1{1ven gn %@ \%gn%) \é\ég/piygplgns cgwgﬁ% atd?ast one reaction
prod@@ﬁﬁ&mlh%nﬁong&ﬂ&ﬁéHWﬂﬁeS typl cally contain 25 to 90
W % di | uent oil; -Zinc dialkyldithi ophosphate (ZDDP):
) aflttaét ope SORentiona! b@ﬂ@%@bﬁ@eﬁ@wwm@lﬁh the | ower
a ier as an
2 oﬁﬁ%ﬁéﬂngﬁéﬁé%gﬁéﬁf R wondl A0, BN °C omponent
3) ormﬂ@ﬁﬁdﬂ@oﬁ@ﬁ&h@@&ﬁﬁﬁmRﬁﬁ@U@ﬁo07/081604 concentrate.

entrat S p contain 5 to 50 wt % di | uent
B o et MR oy e RGO Compound
5)  addidaktnRlphOphbR8Ake GRIMENN bRtrent HHsshiR ald@vit % as
pure conponent or concentrate. Concentrates typically
6) coxtesstrong Malypdgmmyeostainingen boronicontaindi dispersait
ad Y opti onal conponents used in
’ aﬁg&%ig%éu P@&go &?@R%ﬁ%V|de the intended function
8) Ofatt hestadad torga@08gron otven@undodng b il€iki @ne NEhiventRihgl, alkylated
pl.emental anti-wear additives, anti-foam agents,
dmh§@ el | agents, enulsifiers, denulsifiers, extrene
9) Pressde s@flii;td AiftRwidafl £P $x@Rmt: grys@@ %&tw@&a dhti-wear additive
scavengers, netal deacti vators,
10) | rmlletasitcmlp sonv,ﬁtltld)r@aslkyleﬁcré dmhcxtddmnlnoalong1wsh ahwmpnco(n) sulfurized

anUOXIdant (11% E% a%x%{/e V&n’) anti- weear adld%r%f% eantd%v} organoboc/)ro%o %%Srgd of

11)  atleast one base oil or process oil.

g

Nar’

It will be understood, that it is within the scope of the present invention, that the compositions

described in this paragraph can contain any one of 1)-11) or combinations of any two or more of

1)-11).
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one or nore base oils. It wll be understood that all

wt. % are based on the total weight of the finished oil
wa@onsaissng all additives, etc. [0028] Al so ppOwUS®A7/081604

by this invention are novel conpositions conprised of

at | east one reaction product of this invention

combined with: 1) at |east one conventional hindered

phenolic anti OXI dant 2) at |east one conventi onal

PrOCS ORY @AY 1HE & B FRAUVGIE10 H ENE AME uﬂj_ dant 3) at | east one

) t:
ore] SRLAABRESH SRR £ B S8R AL At . o
exanqﬂefmsmgds redtarat: | east one phosphorus-free anti-wear or

extr ?

di t
(8) ot SSRGSy e el sterially
hinddrkd #alko@pRdthAes erag@m@ﬁm Y BORRRHAELIS) a éﬁ&lkb)@ﬁ%hﬂ@% di-tert-

or ganobor on conpound and at | east one convent’i onal

buty’@hml mtvetich the pliexynethil arup)s ctioxyraetby! op methowymethylzand still more
prefe%‘atl ﬂe%@&%gtﬁ?l é R ﬁg‘g"ﬁt@ﬁlfe%ﬁ‘]{rne% sﬁ%ﬂ:gg%hﬁ{g rgcg AI;]-g}ifdroxyme’thyl~

-wear ve n
2,6- (ﬁlh}l‘dydoat@lﬂ)hélqb,hﬁ'a&iahm mﬁer&latbjﬂ Bindéredh4-addoeaséthdres-(ia)kylphenol,

sul furjzed nt|o i) EP additive, (iii)

and yoeipreferably 3¢ ﬂrwmegwéié C{v byl ﬁ%%xai%w conpound. 11)

(B) at o4l 1%§Bn@£§m%ﬁﬂfﬁblha9iﬁg EH @5@? eQ)'fll ‘1o aBOIW4| droM&tic rings in the
understood, that 1t is wt t e scope of the present

moleicnle eﬂnuqha;mgs arh &t the fremed ﬁp@ftmltgs ongngly b@uﬁed bagh. prbothaargl having at
h _can co a 2ne of -1 r .
eas B3 SRS R b D, S0 POUAGNGE iR i dydepearty
groufPCIHAIDRAQ QP 1O B1H048 cHBOCASHES of ©ftiafy0arhind grdup eNRE a6 tesch R is
of the Invention | 0029% The macronol ecul ar reaction

indepndeniytadhygrocrhyl Bpwseamaiting ehtojabautcidrapen ey dgng preferably at

, s: (A) a sterically
least oﬂﬁghg;ﬁ@%“%h’e ?rksg%?ﬁg?%]lﬂoeg g&pg ydr E)car byl phenol ,

prehatiakBy (@ st et leastlony repiicaabde Bdirogen atom on a ring thereof , (b) is

subs 47 RS RO ed SR P ErOURL g BHRGI (AL K gut 24
carbéi é%&%é/m;ﬂéffkrag&oiﬁﬁhé 2@ ATty BRIub Y2 c@borREMQANIRE Stlonally, has

and still nore
one gyedre péditignakalivelisidsoppias eagh havieg aithe wpge efutty lapdis 4 sprbopatoms.

t el hj
[0039], @_sﬁ?%@@%&l&é’e&sr egﬁglﬁzg%f Jd%lﬁe W‘@}ré@é aants 1n the ﬁrcglsence of (C) an
alkylaiisroerabdt, 4nd1@/piroﬁxlw‘(ﬂ) ly brg2ni6sdvenl klyllsrﬂilﬁnmg 3 reactlon product that is

suitable as, among other things, an antioxidant.

Component (A)

[0031] The sterically hindered 4-alkoxymethyl-2,6-dihydrocarbylphenol or 4-hydroxymethyl-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 positions 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
hydroxyl 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
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and nore preferably a
4- hydr oxynet hyl - -di-tert-butyl phenol and (B) at

WO e@sn498®E ar OITB.tI c am ne having in the range BET/LS1007/081604
about 4 aromatic rings in the nolecule which rings
are in the formof fused rings or singly bonded rings,
or both, and having at |east one prinmary am no group
(-NH2), secondary am no group (-NHR where Ris a

positmpnd pecdibylclogkdugkangh tyilaaikegy lugy closlkabdol, atg apdpfebiy! in which

Y

and aﬂb@tﬂ grb8pscan be Ninadr @ Bjanctdd TRE @fderidbll Hydbcartye Qﬁ)hp@ﬁh&he ortho
such pripary or secondarx am no_group; or wherein

positiogy cpagacheor@ade thormerapl irebayl B siymnairms \ﬁt%?heéwalawmber of

carbdd zﬂ&n%] ﬂgﬁ@ﬁ ho p({sm?n ﬁelngsilﬂkﬁﬁé ﬂah%e{}&%@&‘c 490 &S %g@z{rgon atoms and
ranc ain a groups eath having in the range

prefapdbl it chabowe @48 teabbonl@tceren aanpr ef-Atkakymethylphdnhls or 4-

ran f 4 to out 12 carbpn atons, .and .(c) . .
hyargr S Telor i 8he s 6t S Pa G0 ParIGI S RYstigleg ey  tertary
alkylcé}édl;ﬂ&e %%f&réﬁlaVFHégimoﬁK tgﬁﬁlp rcan g€ lifdar br bRAn@RAWAI garpﬁ)'hth@tﬂ up to

atons. [0030] In such processes, reactant (A)

aboug d fisiarhed aph an?a@tetf%hly (UB) 0] abotithé cprbes ases. of’re(@)edaaﬁe the 4-
alko@oﬁﬂeﬂ% ,nﬁ%}ﬁ gﬂ%o%éﬁﬁs Vﬁlhi%ﬁ] %Fgg{(:)k‘? grﬁlxéys C(JB)(%, %F?] %ﬁgéfgrably where

the aﬂ‘klmixy ghilug ismethaxyp I’i@aﬁdhlﬂ%foftahdyhgﬁalk@lyl @ntpsaxn damt anywhere in the
alkylépré nent gn L@%%]ba? g@%ﬁ%ﬁ%%g? g%gr?c{a?yda Ikyl group such as
isoprép e E&mﬁ%ﬁtdﬂéh norSremSte POSHiOEAL DY ARG M cta- 3 RBndP2-Bthylhexyl,

reactant i'n the processes of this invention can be any
Alsogtherg cary leg aeaw invbsr of biragehegindgalifl ocdkpryligrdsp, siches, for example, the
drocarb ortho positions relative to
ﬁmrFagdgg% bor a?gﬁgﬁg?ﬁym“§$§ﬁ@ hydroxyl group can be any
[0032NNvigigtinghy eNaapdisbosT  guktbtile Wlstchczill}e hlﬂd@@fd S@—aﬂl«fb&&m&ﬁhﬁl 2,6-
resul tant substitution in the 2- and 6- position

vy gpeuraaETeh S e HAPRISI G 6('41@0131]9%?1&9%911» T getgpmethyl-2-ert
butyl;[%me tﬂﬁ%molaﬂ& 1Rt mQhy12L 6-i£RRL é/l;?{oenél G H DR AL IR thyR-2-tert-

O positions I's 'require achi eve steric
butyké-nathyiphenol Ardevyloswinethilk 2 tertytaityd dais bryrbpydplenpisd-hegloxyarthyl-2-

cyclg%g@}l%—%ﬂgplgqﬁltgb gTrﬁe&voxywl%ygg-{t%gu%y gﬁ Rplgrjf/yt) ezn(()) 7/-p9§3'0§(9/§16thyl 2-
benz?]}’@is@&bﬂfﬁ}b’ﬁéh@ @Eﬁb@@le‘ﬂﬂl-@|6kdIJtert-§\Ithhen@i’14’—1@&@)&%&@1@ 6-di-tert-

cy clic noi eti es, whet her saturated or

butyl@h@at eﬂaﬁ@dlhe%}éwmthwuﬂsﬁ dieterirbity|phenohand anglogans Indered phenolic
com uggél. r{\d Gl ua%ﬁjﬁ% é}‘%@g#ﬁgﬁl%’?@g‘%&{ 4Iaﬂ8?¥%&fg§1?hég&gﬁl§lghenols are
thosgposwhichgae oétheeadtv dbyltgoupsiin tarhleutylaamgehobther isanahgudr, more

carb he total nunber of rbon at ons
Prefb IS e OB R G b MBS BRGSO g it ARbeATbop stoms.
Parthﬂar%b%ferl&l GRrDARK &Ly AN et BLST- @fn?e%ﬂpueﬂoﬁ h%&@n&%emally
of to about 16 carbon atons. 4-Al koxynet hyl phenol s
prefeged 4s 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-butyi-6-
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hydr oxynet hyl phenol s in which at | east one of the

ortho positions is substituted by a tertiary alkyl
wa@emap4sase preferred. The al koxy group can be PECTIES200T081604

branched and can contain up to about 18 carbon atons

and preferably up to about 6 carbon atons. Preferred

are the 4- al koxymethyl hindered phenols in which the

R A TN E R

6-ethpheRs, Oﬁmyd@@@ﬂfetl@nylﬁ&@bﬂyl S-phdi§Iphahdiy 14- r@ﬂrcﬁwﬁ@myl 2-benzyl-6-
ha- car bon at om of

[ udi
isop@pRphial &C@f%%gﬁﬂgb&ééuwp -Bylpheioh r%éwa1@g0®&n®m®phenollc
com eutngé:l p/ggfeﬁrlfgﬁ%&Sﬁgﬁﬁﬁérﬁ@ﬁ{/ﬁﬂﬁé}ﬁ h9(ﬂ0ﬁ21‘r?ethyl -2,6- %1alkglﬁ)henols

are theseine whooh ooe ahtkeesthp lalktyhgoalbskly fterebutgl ane iyl ottﬁroum,ethsum more
prefe%a 3 y,{t%{ P‘g{ﬁgﬁl & }{,pre&lrragﬁ 4%38;%@]%3@%& Taert%%’u%y’l ﬁdnethyiphenol. In

one %aﬂmrye@n@cfdnﬁémt@gh@ %&Bk}@@éﬂﬁﬂam -defiBtylphenol.
4- al koxynet hyl ydrocarby phenol s i ncl ude,

Compoganh By net hyl - 2, 6- d||sopropylphenm
[003%] @et 6%@%%3%{{ E%Eslgrg%e‘h e{?\%&l% x% zirigﬁgeaﬁﬁaggeegp Iai*omatic amines are

contémpieted the oyd iaxtyapetdont indntien. tThembtl gfouﬁs cmthbyd gk etmolor more rings,
e.g., f{{eg g% %@;%H&tﬁé ;tg;%}dgﬁltég?qu%glltgtg olg‘%‘lélgaﬁlrt]e%l ‘Each aryl group
can kﬁv%th@f@[l@@&@&?g of ﬁﬁ)l;e &Wlat&mﬁaﬁﬁr%hﬁﬂﬁth’e nature and degree of
4- propoxynet hyl - 2- benzyl - 6-1 sopr opyl phenol
substtutioth glj(lngh gyderailyahedq wﬂleha(ve inetryé phawot |8 carbon atoms. Substituted
. 4- Lho tert-

aiphgs PSRRI Ry Mistiroh s b BRT Pt bonsbeg iy algrov
haviragwlalm@auge daﬂ Ndebee 2ahat pldf@ablg MR tAds of AtodbBHENY &Ebon atoms
.. Sub- of sterically hindered

ﬂhwqﬂﬁﬁﬂﬁ E%Q is3yRs- di al kyl phenol s are those in which

[0035’{'@01@-}11&1 In:ﬂ%s A kYt ab 88&%‘[ d §II’IE’II@£ Encmdué %%qzlir“ﬂg one or a

her 1's mor e pre era uty
mixtimg Wm@‘rylattd'de d@hkrwwmd:Shyﬂepgbd) dpnh a&»r axampla,l popylene trimer and

tons. refer.red
dion S s 2t P9 DL B HiBerSHeBt B romhgisgbutyiene and
i loh
di ph%ﬂ%xymi ﬁ)‘i/rlﬁfctgfefﬁ (ﬁgalut}?aéc;c{ di ghenylamuéer? cg)repalte(()i (%)éii isobutylene and
dipheuykuingyi e iy desoiviwices safremtfd @nf{@yquwmayedh reigeytegne and
dlpheju_y%ﬂ egélgfeﬁglt %X%lp’hﬁryglmd?él E%edd;rggﬁ%tg%gﬁ%?%?ﬁ ed ph&&i &%gphthylammes
prep#ecﬁ]jildmmpﬁtﬁbyﬂrmiéf taad bhedyuuyiaplﬁhymhimyJ @teestal mixture of octylated

tert - byt
pheri g QRGO Ry e e e e Be e B s b eohtbgine, one or o
mxxtEx@T éN@&QQ?Jdoﬁkﬁ%-nm%ﬂmnﬂh&n epared from 1sobutylene and phenyl-a-

dr oxynet 2-tert-but I sopropyl pheno
naphmym”dn@ Ryeret ehyixnge gg/&;j'rgmmcgghenﬁ oemdpizthphemuﬂs prepared from styrene

and 4hei%1§fj& %i}yh rre};l th e 2 o thﬁp}ylt ed agg c%jenivﬂ %ﬁgﬂgﬁedlamme N,N-di-sec-

dro

butyl4p bhéﬁi}?l@ﬁ@dﬁ@ilhﬁ{ hmﬂneﬁNdhethﬁﬁﬁlhﬁwNW piefslaniliab, dolﬂfdﬂiemlbﬂlyl -0-
der ed phenol.i conpounds. A preferred sub-group

tOIU“%‘P%r Nclanhyl~mmlfa@P@dN4\l HYpetbyrieluidine, oNGY- amﬂtwmﬁ@mes 2,6-

diethylaniline, 2-ethyl-6-methylaniline, 2,6-diisopropylaniline, o-tert-butylaniline,
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are those in which one of the ortho al kyl groups is
tert-butyl and the other is nmethyl or, nore
w@e@Bossakd y, tert-butyl. Particularly preferrepCT/852007/081604
4- hydr oxymnet hyl - 2-tert-butyl - 6- met hyl phenol. In one
exenpl ary enbodi nent, (A) is
4- hydr oxynet hyl -2, 6-di -tert-butyl phenol . Cbnponent (B)
[0034] In the practice of the present invention,

trlphﬁlabéwn%aﬁ’gélawn@mbw,ﬂé -disminebipheryl, ld@nl@tbwwn@@e?dn@bmylamme
N-mAQ-1-HaphfiSlaRARSAN- dﬁﬂ%ﬁﬁ/ptlln%éhthyp?ﬁg§ﬁzag1n&gogﬁ@ﬁyl Cﬁ%]mﬁ@bvﬁmenyl
-&nnmph”t—dl@thylb$h<my | aaddimdar é:ileylsmnbﬁttutbdltoednﬂubstltuted monoamines or

unsubst tuted. EFach ar can. have in th
polygmg. gt BRI APS RN b ds NHepata RO TpeHopiBenS, ()i
dlphﬁﬂﬂdﬁﬁlﬁe ang 1mgér%ﬁlbgﬁlme§’eéb§§)|1§ SHel Rhodd SIRAHGE dPROSNAhihs.
hey will have from6 to about 18 carbon atons.
__Hsammtﬂﬂuted di phenyl ami nes mhereln at | east one of
[OOB%fﬁm tﬁq' ﬁa%tl&e ofStHQ %E éenl‘ftrngx%nggn Ang lspa%o cat%fgf ! i ugel th) promote the
react}in‘rﬂfeeﬁ@h K% alfd (Bb] eersahiEgeacﬂ)iﬁ)n Betivoera@Ouhd () 1§§1ﬁrtbﬁﬂle§1idﬁd'fb‘ed to as

|II ystrate substitutjon of this t g [ 0035]
an kA AR R ot AU BHoB R Ice Bt feee Bfesselected from
any dlmét}éq%atgl RA&HYH %Brﬁﬁote@ﬁlfre&tﬁoﬁlof d;g?; Asofh@ @%F&fnﬁgnts (©)
enylanlnes prepared from propyl ene
is perpnahb/ran aqndlc cg{abﬁ@ngﬂ @i lierjc e arozrry]asulfpmc amé, agfalkyl sulfonic acid,

or oY 8 CRFD R ChRET R SBRRTE oF S0k Sulfr ikl s

1nchﬂb rfhleerxyinpm B@EochIoEP adi& By dro BridhmiicseR VA Iy B cARBlide, diethyl aluminum
phenyl am ne, one or_a m xture of styrenated

chlogqlepﬁgﬂy}agmlﬁlgg/hwr@w,cg@rlfl@ &ﬂl@({h}(ﬁ@ﬁ,@l@ﬁalonde antimony trichloride,
I t

sl SIS0 S A AR DU o RGBS e o

asﬂmﬂﬂmkpnﬂpyhenan¢Anmeﬂwmﬁd phenyl - a- naphthylanlne, one

Com2L 2 ixture of octylated phenyl-a-naphthyl am nes

—QH$9%%%ﬁbd from diisobutyl ene and

[003 pﬁ‘?ﬁl%iro@’s%@ BRERYca BUNE a 1IGME r&ktich mEdidh W ¢ re QUL VIR RDF the
enyl - a- napht hyl am nes prepared from i sobutyl ene and

reactpﬁé hsing ghqm@m&ﬁehghegmm@ons(@ﬁ@e@ﬂcyhtlm sepgtioa, @fwhich can result from

use osf rlgeﬁtgotrgzﬁlu d@?\{%nylleomaﬁﬁg n%%kﬁﬁfg‘l seg'f o%a%) go?\gents WM can be used

mcludetibt) exdngry Iaeﬂesohoampn@xorﬁaaad phlemy |nej’ﬂe texait dmers, one or more
N, N-di -sec- buty | enedi am ne, anil i ne,

PRI, G THRSE OFRE TR A PreEcang o s ef one or more of

t | t |
the %I#kél\%d an%etn%y ISl?C% ?ﬁo Q'lteln gclarﬁ%chﬁ% cﬁﬂoh&aﬁ@ hﬁ!e%&{&g?lohexane methylene

dlchl;g»rlee rr(ﬂ}efﬂdny t:i@mm1|dn,é3r0r20céxidngmet@mﬂj;bgnlchlmoletha@, 1 2 dlbromoethane
chlor%&%xgm?lfm%rgg %%nl " n&ﬁ&%&rérgozgc o r%k@ﬁv;/%r r%mated éNR/ents such

as the- féregﬁmgmMO@iep@ez[lwlxtufb élf alﬂan@[ﬂ mblapthI,alcohol ethyl alcohol,

1- nap hthylan1ne 2- nap %
xsopqqpﬂé%lq%hp g@ﬂ lnppaityl a cohol sec-butyl alcohol, isobutyl alcohol, 2-

thylh'e)gh Ql'c&ﬁ)tl N gl eillfcﬂﬁp Iaﬁ(![‘bfth@‘nqﬂﬁl vor oL IRRL hAHEBYdws alkanols, and one

m nob Ip
or more ethers hke dlalkyl 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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4- am no-4' - met hyl bi phenyl and sim | ar al kyl
substituted or unsubstituted nonoam nes or
w@eilogamoses, and m xtures of any two or nore OPCT/182007/081604
foregoing. In sonme enbodi nents, (B) is diphenyl am ne,
and in other enbodinents, (B) is one or nore al kyl ated
diphenylanines Conponent (C) [0036] In the practice
ract® gﬁkég tent i.nvention, an alkylation catalyst is
P ﬁ?gé’ BrY ‘feé”?’he reaction between (A) and (B),
in@@qgnmhengeactlon between (A) and (B) is sonetines
ferred to as. an al kyl ation reaction herein. The
[003%]| Kipr prescspesrused €9 awdevétthfr jagropoleguine Feaptioncpiqdysds of the present

mverg{r%g %ﬁgﬂtz{wfgggﬁdu@{&ﬁ a@énléﬂ t?.%\ qu%;g@% E%eg ﬁﬁttrﬁé(%g%bftﬁ%m about 20°C to

reaction o
aboue h3di arghigtey. (1Cyomé empodihents thy p@esacs ate cohut@l ys dbne or more
such as sulfuric.acid, an aryl. sulfQnic aci
tempgifipsribe ot bbb f0sC o Rightr. The
inverhH9 hére & Hal O@is @X% iR RS re@dtioR tefperafiiéstvaltithade ¥atlgad dr®fore suitable
catal ysts include, for exanple, hydrochloric acid,

for pregueinbihe rgastiopraduci af theriesertinantiez , Fugiher. Fhglinvenion reepf have

dlscerEJeg [Hagsﬁ ’hl%l&l tglthE %\frﬁrelé gﬁ]e néigcxﬁ%%ga[n ég)e(? rtﬁ% ?&:Sgag grofce%d Ho?e rapidly

and tBiisaomiptetionbaor bedea.chélim sliorter j)e‘riodmﬂ tihes thacprdw@usb&@hﬂem@&ted For

exampi S SO B LSRR S CHRS SCEHp R dregends o
1n1t1a&qu}'§t7 Yely BPidN A5 Rpefafir Ao €3°CHIntil dbodt (an Q('ﬁhgalent of the 2,6-

reacti on nmediumthat can result from one of
dl-terrteatyt -Amethdxemethyphbiad tiagl beandensurhrasl. cBhetéalienrtbe ofactidretends to
proceeﬂ rXorgtrsllovglP/gam Cn%egPenngthHal %% %:n%ﬁél Eée%rﬁ,g? é)gu%fe)lieocf and/or
addltﬂfnglawteﬂyﬁ Rhipeits Mivehere anhibieer UaRpbratuRe) i @reafed Khan 40°C, this
exanp acet|c acid, propionic acid, one or nor
reactge paEdsBiTe Fapidin e b FraRIctionapr BEsshse e phortcppsiog of time.

003mﬁh qg\tvé’lnﬁmhﬁéj %%Et%nts §/oP 5oV E t&eﬁ%% ? 5%] WERRicRl under

or nore of ane solvents suc
pressiigy eghe mgqtlooyr@bfdnh eomiruet;:d mehdyrbeycd dhexaing comiendey | I8 mest cases,

i chl or ene di brom br omochl or onet hane
the oGO R dp o WERSH B SR BT PR ARE v i SPBr<ave dilation
nmygahpéppﬁm@gaeﬁoﬂ]xtures of one or nDre chl ori nat ed

nd/ or brom nated sol vents such as the foregoing, and

[004%@16@1&%@*% Rereqfchags dlarqyar@é that By, ¥4ryiag thaatelsive mpolap Fsio of (A) to
B), &1% QXK% }g/r?h&c% QQ%’]OWS njla%%% ar 1%5(% g%)oldu&:ls,gg %3%/ yqeag?lgxgﬁ%?t find use

as anﬂexréﬁﬂmy ITh eonyd: erﬂﬂ)(ﬁiﬁ)hﬂits, (@):atnyll(B}azire odedlin a avothr edtioef (B)ite) U )dn the

or.]o kanol s, on r nore .
ra“g%?fh‘{é?rg age‘ﬂg 1@1%5@‘@&“&# amga ngﬂpgﬁomg' 1gQ ahput 1:7; in
some‘%rmbml?fﬁéﬂfseﬁ tﬁeﬂ%ﬁg&ff frdatRRE3 (BBO: IR Pleorad ' (RALNEIYE from

is a hydrocarbon solvent. In preferred enbodi nment s,
about DP t¢ sbays éd. ilm ptefiesred kMmbpdinz0B8he 4898 atio of (B) to (A) can be any of

abouf> H/a%'(‘?utholz/ag(?u%?%%, 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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practice of the present invention. Process Conditions
[ 0038] The processes used to product the

wore@somokecul ar reaction products of the presePtT/US2007/081604
invention are typically conducted at one or nore
tenperatures in the range of from about 20C to about
160C or hlgher I n sonme enbodi nents, the processes are

conduct or npre_te ures above 4QC, .
for PRIy DI s TR B DA Rcore (B Bisterrg siebodjments o
the pRs&Hi @fventldlfconteMp®Rd BEI1REI8Oisd1R38 hetle mGRAMELcqshdeD'REm any lower
reaction tenperatures within these ranges are nore
amowijtq apl lagher emowrtoduci ng the reaction products of the
[00421 E@eﬁ@lg}){gﬂ) e%%@%i%ta wEllIl E}I ugﬁcrlt{e tla,pérese Y %1 EIR I%n Lﬁra?eo}clothlgea%t to be
limitingen adOfantehe processes proceed nore rapldly and thus
conpl etion can be reached in shorter periods of tine
than previously cont enplE¥AMPLEESr  exanpl e, when
ExamppPg fli -tert-butyl -4-nmet hoxynet hyl phenol is used as
 the reaction tends to initiate relatively
[0043 hbyithils gpexttionopbranchederiamanddiplictymineZBOP Ad mixtire addssively rich in

i.val ent .of th 6- .. .
mon G o Pt G S g b sempe i A NDPA
as shbvame & &falyslshigres 236lak ANfolleNsiTrde ®P A n@@e@%omﬁb@oaﬂdywécwm
and consequentkﬁ)addltlonal heat ene%g% needs to

0.33 appsr-imogoddried DPAd dili%00 atho-diatkyiajes: DRADP.-8Sarpra- %U@\?&d DPA,
65.58n0 't@ﬁ%ﬂatte@ BRAr 24T $fh tHe-afic gfo%ﬁ%ﬁé @%ﬁ‘oﬁgﬁel R hed chain

reacti o proceeds nore rapl conpletion can
nonybgrongsadhe dthlerresdtmlt ted wael joatiserobutyFrmethokdd319]iphdiheih Thus, into
n ctants or Ive s.the reaction
o 5o 3 oo BER A ehared ko Bhe BRnpRL B Gipteayamine
4.0 gbcf?f 2C@Hidt@ﬁ1b%%'1J4[}n$tH&<yﬁfeﬁ1§/%&%1OEfO Qof?@@chyleﬁk GURIRNERI ¢ of acetic
In nost cases, the reaction results in al kyl ation on

acid and éétgu Of a@@éntraéfP@@tfP@%aq&d ealyst-nEhe miptusovves heateéat 60°C for 1 hour
and l% I%éfo?%&l& argilnsc oé}éitr \g%gxe My r%y se sggaz}%g t ﬁ% organic

|nven ors ere have t ha var
phasé ehawashed with amter @200 gf and Ayied ever VEB0,.ONe sGlaéht praoetoeed under

redugg IR RGP S S PR OllchePHAHEE: @ BRI G imvention.
[004$gﬂ%jérﬂ?%ﬁfd§mt éﬂ%):tl\a:ﬂgss (og)chl?Pﬁ)dH&%q thelindediBh &as sl%\bpr?fase of a

in the range of fromabout 1:1 to about
standltrdm:d cmdaxtlen st gromduteﬁésfféfh@eﬂ@@ ihrvdrehedblobiticating ofl gontaining a

ut 1:- 7. in. some enhodi nen in.the range of from
sveciftipodi Sl R BEF S ETOR TR R omb il e “eata
templefa@ift oAEVAC cﬂarﬁed@xﬂﬁ@@&gén Uidér ad MitR ek etédstessure of 500 psig. The

enbodi nent s nolar ratio of (B) to (A) can be any

longegsithe iggystion g}mf (OHB Seforep Ppessyp Aipp ogouys, gle MOFableqs @16 composition.

D T L

antioXhlenta boves tdasled ivph EblX G0soildia nendreldasaoiblew evgalkinematic viscosity at

o t t t t
100’ E PG ER Sty e BT o0t e NPt i A RE: R sl nd e
resul@AtBbhdw e SuBeticd & th€ el € oBigatdR\ést fidcedure. For comparative purposes,

runs were also conducted wherein NDPA alone was blended with another portion of the same

19



18 WD 2008/ 048989 PCT/ US2007/081604 for carrying out
the spirit of this invention. It should al so be noted
wo bas/ogsoed erred enbodi nents of the present i NRENUSIINT/081604
contenpl ate that all ranges di scussed herein include
ranges from any |ower anmount to any hi gher anount.
[0042] The followi ng exanples will illustrate the
present invention, but are not nmeant to be i

base,oﬁ agql-,y/h@fgmﬂ&dl tgj(;&pyml_ gagnetioexmpethgiphenod along wpqulprmeg Wlt another
pom&ﬁ’ ‘8f @k L% a@e B afﬁ‘&eegulﬁ et Ry 51‘3' &fl&@%{%&% A&61E NDPA)
ture re atively ric nonoal kyl ate
adb @heﬁyﬂl(ﬂdﬂaﬂEEfmwuﬁedoh‘SdCbﬂﬂ‘RS af a Lﬁi&lcam@ﬁat B0°Thed Under
conposition of this_ NDPA as shown by GC anal ysis
(area % was as fol Slog\/ﬁf‘g P¥ygen Pspsure; | 50

vyl a

or t ho- nonoal Kyl at ed 0. 33; par a- nonpal K
A 2190 of t ho-di all T 4 &3 WSSAMIRIGe: | OIT & 075 w136 (minutes)
NDBA', I)ﬂl al kyl ated DPA, | ,§%.54, and trial kyi ted DPA,

26lp).aaa’elaﬁgl4:hain nonylsgooups. The ot her re(m:tant used
meﬂ’i@;@n%ﬂ@i]ﬁienélert butyl 4- met hoxynet hyl phepol . Thus,

+. P= | 1 Ineoy A 1
IIIlU [=} \JUU IIl_ IUUIIU LiUllUIICU T askK—was—ftnat ycu 2o, 1 {

Proddct bhhisonemttre@xchai n |Adhyl di phenyl ani ne} 1574. 0 g of

2. 6-di -tert-bui yl - 4- net_ hoxynet hyl phenol , | 80 g of
OITnQ{ané%évgmgde. 1088%q of acetic _aci §and 1.6 g

g ur, acid catalyst. [ m Xt ure
Per&:fntﬁ %%Qx?si?@%@%%r ‘?%Znnr :\nrl fxan rl ||4arl \l\l fh

100 g of ether and 100 g of water. After phase
pasation, the organic phase was washed with water
g) and dried over MpSOH4. The sol vent was
[0046 pAohreetnenkdéd round-bdueeel fiask ysucquippedobithedmaddBiod fgnret, magnetic

. dark thick ojl onstituti raduct of t
S“”‘%“%%‘H‘?F“&FF pm‘feeé‘lfﬁi coﬂﬁisnsahtﬁ%;z'fra%mm% fO@c'P?]vg@s%aso‘P“Olved n
dichfoRinSenBia@6l20mIYfand Q8fuki0 ¥EBY 109AL WESDYSRawaddey aﬂ@@m&ém?&rature
standardi zed oxi dation test procedure gASTM D 6186

solutjgi -Gl iHgurouhtimghaymetuimharal(hgZ aol. Sgee i disdormsiane (60
mL) vaasaihd@éjq{ A edify té nqe?éiﬁ’ﬂegaﬁnlheﬂ strr?auo?ﬁ'cféﬁ}eh@ bb&% ?{J@@E@%) An

ressure-resista at a en‘pera ure o
exotlmdnm@edctmntehswﬁ ylgeing theddditian of thietfirstl eqelveleat efd 2 prdigstHbetyl-4-

The I the jnduct t ]
methgiy Ry BesP L Ut b ety addTEie onBes T feattiob ryigure wes
brou 19@&9@@ 154cORd addiQO¢SHihd N6 ﬁrlﬁen%{&ﬁ 4%&%@@@&%&&(%; Sfnpleted

kyl ated NDPA fornmed i'n Exanple | was used as
in5 hmt Tbx redetiom. mikturavags iresd dewom teth pEM@edV eumiight. ("éh«mcneplnlse was

havi ng a ki nemati ¢ t.. OO of 6. 1.
sepagit ng s B 3B S ot M oRERS gty fefice o
pH o#7-8 wake ¥l x BB XA MHAi dried a0t rhdpBesitir SulFdt@ MvapbRish ¥&dlvent under
subj ected to the above oxidation test procedure. For
wateg ma‘qoapqe@%lremﬁ%@ﬁgiéglght yellow/orange solid. Analysis by NMR and LC-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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runs were al so conducted wherei n NDPA al one was
bl ended wi th another portion of the sane 19 WO
wQeo8HEBI8O89 PCT/ US2007/ 081604 base oil and wWher/882007/081604

2,6-di-tert-butyl - 4- net hoxynet hyl phenol al one was

bl ended w th another portion of the sanme base oil.

The results of these tests are sunmmari zed in Table 1.

Table 1 - Antioxidant Effectiveness of Additives in a
cating Ol at 160C and Under 500 psig Oxygen

04 SPUER 0S5 M o e B

stirreBGerh draturegtbleex yinded d:tyuldprisen dDipRmythudie @f1 b, $6. Dgl)v\mtdussoﬂved in

T TR T

solutifAQ#0]6- éﬁ-t&l"ﬂ-‘bﬁ@i ﬂ-@ﬁé@ fn@ﬂh@ haRh Y@Ml fAsagkn WRBloromethane (130

equl ed with an ad I on unnel rragnetl C sti rrer,
mL) pe étamoempﬁmb@atumdan sorbiaasments DlAp)WéﬂShIe@m praction ensued

duririgggtag %%cgm%ﬂno the stwauc'wgl ?(Zlé(e)%#ﬁrt-bpgfg-g e%og(n% gla’ é’?}g‘é‘)tl’ but it

sulfurrc aC|

Subsﬁie@ Mht€ iResdittbheconBnucsl0| THe @Actdh mixture was brou ht to 40-45°C and
6-di-tert-butyl -4-net hoxynet hyl phenol (0.1
addltg)n qf theh, ¢-Hi- @ﬂmlﬁaﬁ@h?wetmmhewwae@@ale@ﬂ it %b% the reactlon

mlxtltu% %?Etﬂ?édf ro@%ﬂeﬂq gtﬂﬁel (JVGII,H [ SERLS él?a@éwgs %paéated and the orgamc

te) erm react I on ensue
phasad/ds vashed with Whh“cr(ﬂx Bemle,qinhlwabdmm hyfiroxide to a pH of 7- 8 and Water( 1x

6- di t - but oxynet h eno
30 mE) el Sl BT RPBH o Rt Chappdergales péngtor pressure

afforﬁé&@rghﬁye%ﬁ/or&ﬁg@ g&m Ar@ ﬁ@bﬁﬁ@xmm 1adiakd awed mbh@subsmuted

tert-butyl -4- et hoxynmet hyl phenol was conpl et ed
isompi{6%), Nﬂﬁubswdrlmﬁtf(Zﬁ%)mrkﬁtulbﬁtéu%§0@?ﬁ @Ped tefta-yubgitpted isomer

BRSO TORBEMRIPE 0 SBRCEN M v

138 @inlutek at (MSJI%U mmmdruwSIade.SO%, and 19H ndhutds &,0. 7594 padibyg. 30

m_z, and dried over magnesi um sul fate. Evaporation of
EXA nt under water aspirator pressure afforded

[004@]”\ %Hr n\éﬁieh%l@{fvﬁsn&ﬁuﬁ)% bGkh ARG SirkY, JNRioAGhnel, condenser,

showed
nitro gemnlen@md'gﬁb@pgbﬁuge(mol& (ﬂ)lphegylambm@ﬂ %)g)embllef}e{ (119/311) concentrated

i tutedlso ( @é bst
st iR 384 M REr kAGHES e i PRl dresction
mixthre 1 %as Q@taiattborabdmhwbm | odtl all WanTeRMoad obY 2 BLXM e rinBistyl-4-
99 mnutes at 0.25 % 123 m nutes at 0.50% and 136
methgxyipgtiagphepol (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 resulting 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 4,4’-methylenebis(2,6-di-tert-butylphenol) and 15% of
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0. 75% | oadi ng. 20 WD 2008/ 048989 PCT/ US2007/ 081604
EXAMPLE 3 [0047] A three-necked round-bottoned fl ask
wor®sepIspped with an addition funnel, magnetiBCT/US2007/081604
stirrer, tenperature probe, and a condenser.
Di phenyl am ne (0.1 nol, 16.9g) was dissolved in
di chI oronent hane (40 nL) and sulfuric acid (10 rrL of
was added at m tenperature, A solutlon
mefhzleee Pdgeérnmdgﬁwp d gy ligemgHe Mgk avesn idemifisd pthe SaFBpk"’
FExa@bit § dichloronethane (130 nl) was added at room
—t1enperature and in small increnents. An exothermc
(0049 k&gt sama peassdirelas Ekamipreg wisersedd ek aepiordiplfeny laminki 2 gdi-tert-butyl-4-

e iR B o R S oS b BT R A Wbt
17%ldeaidstiated(rs 6% tli-@ub@uﬂ@teﬁ[mwmrais@bsﬁﬁn&ﬁ @/@@dta-sadsﬂﬂtﬁtecp N% hexa-
of the 2,6-di-tert- butﬁ1 - et oxyrret hyl phenol was

substigieg| diphsiyleming eductsThln pdSEan ba Wit of e ey IepebipRedi-tert-
buty Bel{o‘ﬂoamdt Pi%’gm{% ﬂﬁen@‘o‘?fdgécggx{gguc-@ EndGirdr Bﬂgﬁﬁrfi@ﬁﬁmemais were

eparated an e ‘or gani se was washe

ldenmden@ibﬁa@@lerru di |l ute sodi um hydroxide to a pH of

EXA?- 8, and water(lx 30 nmL) and dried over magnesi um

te. Evaporation of solvent under water aspirator

[0050F EissSdme prRbdaE skeckalipl B asgdd, Bxde Pt ARGIRNSIBMIN/2, 6-di-tert-butyl-4-
Anal ysi s by NVR and II_)C- Mass showed nono-substi t ut ed
methoxyhgthy! P@Vﬁ)l meglie rafigws { 14tvms gepd; d bﬁprlodlecg gc%tamed 1% mono-substituted,
0 I t

1% u% ﬁ% %H@gﬂté H‘iaéttlg ggﬁ ??1?%1{ 3e e@wsu{)&%@% %lil%sjp b{a%hgsqltﬁtg’(? T84 hexa-
substitnted hhphe@plar'ﬁllmiEplbdicT) re aklii@d6.0 ywPDSC 4 snethyBBiebis(2,6-di-tert-

at 0,50% and 191

butym)nu Je dgﬁ%@’}) o% /%tgxyééélo ggecémgmtaad[a 1 giigomeric materials were

idenfi@drin RRCGKRGIS | ask was equi pped wi th mechani cal
stirrer, addition funnel, condenser, nltrogen inlet,

EXAMALE 3 ten‘per ature pr obe. Di phenyl am ne (38.9 g)
uene ntL.ak furic acid
[OOSégng esameéroacg% gre g%f %‘8 f‘é? wasa emPtgdc' E tglge oy url(h?Cld 436%%&5 replaced

with hiR@ehelfodib @mSt Ther Iﬁ}éﬂubt&ﬁﬁﬁain@@ 1% Monbytisstings), 1veat-adsdcoted, 13%
about 70C and a warm so| ution of 2, 6-di -tert butaﬁ%-

tri-sypstintsdyAE? Wgrﬁ-awémred@s%&ope@sa Sohettgtds e ospd dakenylamine
r t S 0
prodﬁ&é" gﬁo d@féig)ﬁpf‘g % Bﬁg s4 g&st I%@%ﬁ&ﬁ&é?ﬁx‘é bg&ﬂa@e@d?)d ahd'83% of
methyba@bndugtdm@imtsmpﬂ ether digomeriamateoinlalwend idéntimd ris thatsample.
EXAt wesg conditions. The reaction m xture was washed with
(2x200 n.). Toluene was renpoved by distillation
[00520hd f16cddBRWI b 1eh103 bMs a’t%ﬁip%d%u\!\@ﬁleh@ﬁfbs fepaeddasith methanol and
(60-80C and 2-10 m*rHtT:; hour. The resulting %
sulfupic aeid Btithenbedlysi®etd carahst Shﬁonrd@cwonmﬁpﬁ érm@mawbﬁéuted % di-
liy h = €ho z -
subsﬁ'ﬂ?ed %‘%CQ%%u%ghﬁgébg(ﬁP e f*‘e%‘?’“?ﬁ% ?’r I%_A;%Hﬁ s%b'gi%téd, Lﬂ% 'hexa
substltuted dlphenylamine 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-methoxymethylphenol (“Phenol”) were
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substituted, 14%tetra-substituted, 43%
pent a- substituted, 24% hexa-substituted di phenyl am ne
w@emdoedds? I n addition 3.4 wt % of PCT/US2007/081604
4,4 -met hyl enebi s(2, 6-di-tert-butyl phenol) and 15% of
21 WD 2008/ 048989 PCT/ US2007/ 081604 net hyl ene-bri dged
products and other oligoneric materials were
identified in the sanple. EXAMPLE 5 [0049] The sane
usedrip g@é@q@rsévegg a%m@m‘ecoglmgomgord@g ¢ prgsent invention. The molar
I e , 4
rarc B B o B A B S TR SRR o
thus farned atdhiaingt @dTabld V%ethiv. subst i t ut ed, 36%

fri cnhcfifnfnr{ 2206 t ot r g Cllhcflfllfﬂf‘l 204

penta-substituted, 1% hpynTa lmlct i.tut nri diphepyl am ne

qu_x,lggc @PA{p,herg)(de@lwm Temp.wiGviono-| Di- | Tri- Tetra{ Penta-| Hexa- | Others

Antigxidantatet hyi3ehebi B¢laers-|di -er t|- 0Butly Kphésol }7ahdl 21 59600 7

Antioeidlyt2enedBri dgetolpereduct 30 and 0dt he® olldd4gprser | c9 0.1 22

Antigridedtizal s ey e | Telesdel f1 e@d 1 n Oise [spspl . | BXAMPIE 6 6 10

AntibQi‘aélQM The/ssame| pslaGRAUr 3@S |Exganml @ $ (was 34sedyy 4 25

AntioXaaRLs| 2 PhRyenhal n%F"iFU“' b%”'?“ Vil 446 15| 2 12

All t%e'f%ra&ﬁ%@ gonr%ﬁag nefaa (% nﬁmeﬁ"b twe 1} u?e avt%}" -me‘thyie'n%bis(z,&di-

I ne HONG- SUDSE I
tert-litylphddsl)i t ut ed, 14%tri-substituted, 34%
t etra-substituted, 11% penta-substituted, 1% hexa-
Y enyl am ne products. In addi tion 6.0

[005‘4%%%&0565&@5%6'3% e59ehi Rb S, @73%9‘1 = ?e Qé’(f ¥ithe gt%ﬁﬁ’étlvaél&gdyzed

met hyl ene- bri dged products an ot her oligoneric
by Ifaivirss and qmetaeledlizﬁé/mttquaetdd |dnphehﬁlammpl4é% EXAMPUEtiITted, 16%

disu%?u%%qqlél 2(? f ufst %t pragléc V(Ag%l 3@%)%@/ 8f ﬁ%ﬁ?rﬁugs%%ec? 1somers.

The 6&hpABES Wf fhe ahteoxadahdpméfm tHok @EbAGEedCaAttRdiNaRouk¥) are illustrated in
nmono- substituted, 2% di-substituted, 13%

Table 2; bed@ihst i t ut ed, 40%tetra-substituted, 23%

CoMPs RA v uRS s ¥t ed 3% hexa-substituted di phenyl am ne
—m'gé'uvrs—q‘rrﬂéd tion 4.7 wt % of

[0054] The pretdsyﬂ@me&udsxﬁ 2] @ad Not BH13 Qﬂlt\ydspé;emaﬂ yitandiphdfglahine and

2 6-({{5 %I)ptgpg- eg@&a( eﬁantij t’1 Ule ﬁ:BF golgt%%w_ Eorgamed 20%

monbQ0&elutdd @6%Vdﬂ§lﬁﬂtitru%d0i 1 w&agm;lsﬁtu?edvm telals@PHRIRE, BUL than 0.5%
tol uene was repl aced with nmethanol and sul furi ¢ acid

pentwuhﬁ%ﬁﬁﬂekﬁ%ﬁb@((b)% Bexacabstityted isomigs apd egnethylensrhrigigedbeligomers.
The ?on?gosnu stglf ?xggl% %&Eﬁr{)d% r{ %h%g %)% ‘fet%%%ntdgﬁelﬁ%g { are illustrated in

Tablpenbedowgubst i t ut ed 0. 5% hexa- substituted

di phenyl am ne products In addition 1.7 wt % of
Conp RATREIERER (2. 6.l tert-
[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.
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but yl phenol ) and 4% of nethyl ene-bridged products and
other oligoneric materials were identified in the
WG 2009/06898EXAMPLE 9 [ 0053] Di phenyl am ne (" DPA"RCHENS2007/081604

2,6-di-tert-butyl -4-met hoxynet hyl phenol ("Phenol")

were 22 WD 2008/048989 PCT/ US2007/081604 wused to

produce several antioxidant conpositions according to

the present invention. The nolar ratio of the
lﬁﬁﬁéhponents and conditions used along with the contents

of the[antioxi dant prigdiNdgt thusjforpedlarg caont ai ned
Expetinitntl ab| € $olvelre! oMataij@laling: |3r 2K 0@ MondPAY- phe oka- SalaHRRd: | Others
Us 34800 , | CaddWri  Disulfufit l24nrsl €lohddme PENB3ar 14de%ar Xher s <1 | 39+
Us 3,6010b10X| dagtic sbial/ BuRiid QbidgN@ne Al O] S04| 26| 41| 12 005 | 40.1 | <0.5
This ifVAAdo® X | I@REomeihahé Buirid Qe NQGnekd® D<ds Y 424281 59 01l | &45| 3
This ifV3hdoR@ X | Sl@&Eomathaht Bul@rid [0IhHENEne/llr O] 51 0] 30 518 338 & 10, | 3
This iV EHoR X [ﬁ&m"om%tha{-lﬁé Aulrid Oéihl‘ée n%ne;lﬁ%g Dds dokd 238 244 4 290 8
This ibdoR X | IR orethah: Buime '\éﬁi SN eveh 1P <Ps o3 [ b5 4P 13 7 432 13

» Unblcfeq L TE products T den red T Tapbte T contarned

dipheR@tMBEN 2-3.5 W % of 4 4' - met hyl enebi s(2, 6-d

All pr&fuletshithnitighanable. 2 CMBARSIEN EXANRWE, of 4 @Qﬁéﬂhyfghﬁns(z 6-di-
process described in US Pat. No. 3,673, 091 was

wﬂ‘ﬂ@ﬂﬂﬁmé The product was anal yzed by LC Mass and

[OOS%?]S@OQ%@){&?J{ ség{h?s?g%%%ggﬁg !élg Eg?é/ltf%tﬁg %ﬁ{%ad}ts for use in natural or

synt}tdtlb rebosst drt didseahngps, oeld G;yntm':ttd‘lpdlﬁﬁas bhﬁﬁnallﬁ/ﬂ&fmbmgslme roligomers,

stituted isongers. e conmponents of th
therrg ?%saﬁ POIRErS ”SSEW’OPH% TBHBY BT Ph ARQut St usually
sufﬁéﬁ%ﬁ t IIOV@E 'irf?ﬁlﬁt%d 3 oxiliafl EdeforioR bR Warifg VAR f these materials
2 [0055] The process described in US No.
Hﬂhepﬁﬁﬂwegﬂmm@gmwgmeated with a di phenyl am ne and
2,6-di-tert-butyl -4-hydroxybenzyl al cohol nole ratio of
1: 4. The isolated product contained 20%
nono- substituted, 36%di-substituted, 21 %
tri-substituted, 3%tetra-substituted, |ess than 0.5%
pent a- substituted, |less than 0.1 % hexa-substituted
i soners and no net hyl ene-bridged oligoners. The
conmponents of the antioxidant product thus produced,
and their amounts, are illustrated in

24



Tabl e 2, bel ow. COWPARATI VE EXAMPLE 3 [ 0056]
Di phenyl am ne and

WQ2@8au898®rt - but yl - 4- hydr oxybenzyl al cohol (" Al OTTOB20)7/081604
were reacted according to the process of Exanple 2
using varying nole ratios, the nole ratios and
reaction tines are indicated in Table 2. The
conmponents of the antioxidant product thus produced,
and their anounts, are illustrated in Table 2, bel ow
23 WD 2008/ 048989 PCT/ US2007/ 081604 Table 2: RxN
Experi nent Sol vent Catal yst Ti ne DPA/ Al cohol Mno- Di-
Tri- Tetra- Penta-Hexa- Others US 3,673,091 acetic
acid Sulfuric 24hrs one/one 43 16 2 <1 <1 <1 39* US
3,673,091 acetic acid sulfuric IOhrs one/four 20 36 21
3 <0.5 <0.1 <0.5 his invention D chl oronet hane
Sul f UPESSMRER one/four <0.5 4 21 53 18 <0.5 3 This
i nvenY i“foroPReerfap FrETHEThREt SEPPItE 8 O 2PFes) GPEIT B 1 10
18 39 2ubstihte@withTdnd &5-qi-myrecarbsi-Glydr@Bhityiceroensed bremméc Bisksf ur i ¢
4hr s onkifuey @ithAw?Os-dhifydr8byBa-hyd i 1Snzl1 rixs @k tiil) GBmatic amines
Di chl or,go®thDaRemeodb-fillfdloGr NS o0BRalEENES! rm +OmaRe ffesd <0. 5

3549 su%glaxted ng%ugﬁgslggrogrby@ Iﬂ%@r)(xyl%gzyp&oups V) arOl‘Bl(lCO&lff’lg

identif e gh 914 | ned be g wt % of
4, 4 - mePAYIEHEB S g BT P EPY B eI B AE G i) )“a‘“ T"t?f)‘S 7]
The novertivst s dﬂW“%%WﬁhWﬁV@ﬁﬁ?EWWaP%“%P§6Tm“e
ef f ect impgéylegeridggrit sropaic eheimt Tbsfitgad witts@e prppom &6-djfhgtocatyyl-4-
Sy nt hethydxyiveiBlDedus, v@éreidtle A8 foOdRaSantios 6! pEddiiaRibid «Eroom
po l yne rte%lp@aﬁlgﬁ(g §0@d|s Jhay mgltlat%gsmgl)oats!ltm&nd%le Laﬁa@@& beg dissolved

t her mop| as hﬁmg&lﬂ g&gtgs and %@Lm SDGEA;M&JIG%; Angmﬁa@tspuomét

unt Scono ms 1n tp ran%: of%om z}[!out 1 to aléout 10 wt @o'l)feonel'(l)fsjngo% éhel}{)hcs e reseﬁt!ﬁic I ent

to provi

durlng‘%@%@%ﬁm%§ﬁs?§§@“of these materials in the
presence of air or oxy§ 2008/ 048989
PCT/ US2007/ 081604 \VHA MNED: 1) A

macr onol ecul ar anti oxi dant product conprising one or
nore i ) @/Eeq%ﬂ@atcﬂ }Qanm@igépendemly H or a hydrocarbyl.

2) A macromolecular reaction product comprising i) less than about Swt.% of one or more
aromatic amines substituted with one 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups; ii) less
than about 10wt.% of one or more aromatic amines substituted with two 3,5-di-hydrocarbyl-
4-hydroxylbenzy! groups; iii) in the range of from about 1wt.% to about 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 about 1 to about 20wt.% of one or more methylene-bridged aromatic amines substituted
with one or more 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups, wherein all wt.% are based on

the total weight of the macromolecular reaction product, said macromolecular reaction
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substituted with one

3, 5-di - hydr ocar byl - 4- hydr oxyl benzyl groups; ii)
W@r@AMIs989 am nes substituted with two PCT/US2007/081604

3, 5-di - hydr ocar byl - 4- hydr oxyl benzyl groups; iii)

aromatic am nes substituted with three

3, 5-di - hydr ocar byl - 4- hydr oxyl benzyl groups; ivV)

aromati c am nes substituted with four

3, 5-di - hydrocar byl - 4- hydr oxyl benzyl groups; V)

aromatic amnes substituted with five

3, 5-di - hydr ocar byl - 4- hydr oxyl benzyl groups; and vi)

aromatic am nes substituted with six

3, 5-di - hydr ocar byl - 4- hydr oxyl benzyl groups; and vii)

one or nDre nethylene bridged aromati c am nes

substitu

b
hy dr ox )}) uct is h§u|1d at room tem%eratur\e/:\ﬂ' soln?s that m?lhat ess t!:x]ax q)out ?E 1}{1 saxd

enz ecul'a
ant | ox|”d‘é‘i‘fi°‘e°ﬁlf‘réeéfd?§‘t*“§d“‘éf°§a“}s rn&araf&e °éf'°mra?98ﬁr° a‘r’ré NisLie aft ures

or sol ioghor morpahenofigs fepresged ty drsfalloyipggererg fpyt: 100C and are
capabl e of being disss Q. # 1 quid hydrocarbon

sol vents, and mhere|n(;g;ﬁAmgjzonnlecular ant i oxi dant
product contains in thel range Of from about 1 to
about 1

the fol VTQeOraWn eaﬁ:}é?{ and R are miiepefxdent }/TU?Y a grdrﬁ,ar yk OH R R
wher e?’n™ %ﬁ‘&’ﬂ“"ﬁ‘“ﬁrﬁﬁmﬁ? pm&?témi’rﬂ‘dé"rf@ﬁ‘d"‘é”ﬁ?ﬂ‘“jal‘1—‘?“‘8?““’5"“‘“

hy dr oc aretyigr| rodutponiainspespdhprcypppy|S w4 of ippd 1. baseé enithe fatal ypigibplbe
conpr i Suaguokdlalagea pidvan about 5wt . % of one or nore
ar omady i 1Ge bbb RS1aS 85 protidita@6ldiMtd Rim@¥@erein said macromolecular

3, 5-di rgx,drpgmrlshyarm%zemg darlpgsyelohemme (@SR RSperidsi ) | ess
t han ab ,gﬁat'c anm nes

su b stit 8 tSl}Dséantxa%]e ogmreactéd ai)gmadc a mng ma[e

rocar

4- hydrd&ﬁwﬁ@ﬁ?ﬁﬁ°&W6WBQ“E?WWT%PH the range of from
about |weubggtialy ebolitrom3s apjes gbefutcd wéh eif 35-Atydec®rdmat i ¢
am nes suigstvivtnatedeswi th t hr ee

3, 5- di)-Tyselkeamatuybacidn fiogdr exyihdendyt wigkiDUPS romogtuBat er
than 4 qy%tlon@o%t c@tamsl nﬁﬁ%tige & ﬂ@n agJut llto\éaothﬂ@% Qf vii) BN the

ar omat I a wer;r]lr oﬁhsema romslec ar real teo our
3, 5- dltﬁldrdCarH¥ 1 foxyp%
e

1 t according, to ¢ m‘yZ h%ermosl'{ m r¥ olegrare or
nmore Ar'8nEtTEE ‘§“p§ ISPt R e " 1 Ve

3, 5- di - RS AT BPHS P BF TP BE Ry P Gt BV g §9)eribne  or
nor e arfomed foenuahi nes substituted with six
3,5-di-hydrocarby| 4- hydr oxyl benzyl groups; and vii)
in the range of ro abour 1 t’%Eeout 20wt . % of one

cs represented by

or nore nethylene brid ftic am nes substituted

with one or nore 3, - 4- hydr oxyl benzyl

groups, wherein all @@areRbaee the tota

wei ght of the macr omol ecul ar reaction product, said

macr onol etbaindy is i @ kydrbcprbyh Rz isPIr hydrocarbyl, Rs and Ryare 3,5-dihydrocarbyl-
4-hydroxybenzyl, Rs and Re are independently H or hydrocarbyl, n is a whole number in the

range of from about 0 to about 1, p and q are whole numbers and p+q is in the range of from
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WD 2008/ 048989 PCT/ US2007/ 081604 product is liquid at
roomtenperature or solids that nelt at |ess than

W@bwan48p8DC, and sai d nmacronol ecul ar reacti on peDUsZID7/081604
contains in the range of fromabout 1 to about 10 wt. %
of one or nore phenolics represented by the foll ow ng
general formula: RL\ \ R Hof | OH R R wherein each
R and R are independently H or a hydrocarbyl. 3) The
macr onol ecul ar reaction product according to claim?2
wherei n said macronol ecul ar reaction product contains
| ess than about 5wm.%of i) and ii), based on the
total weight of the nmcronol ecular reaction product.
4) The macronol ecul ar reaction product according to
claim 2 wherein said macronol ecul ar reaction pr oduct
;: 2| |C 2\?\/:‘ Ecttl %{a‘%ﬂéi | 2x§hen n—‘; al;l] = u%p V{ ole nturilbgrl 1r1 the raf\gig (éftgoné out 2
unreacﬁ%%’&* f:c anmine starting naterlal b)

subst Arfhq %Fr?nyleﬂﬂré@cﬁmwwc?sﬁ@ Pl vagearstid nigeiEteT i al

C) substaintproguktlcynpfist @eor Ofre camponmtepresengdy egnegUiystlast ut ed

wi t h ong rdmidi - hydr ocar byl - 4- hydr oxyl benzyl groups.

5) The macronol ecul ar reaction prgduct according to

claim2 wherein tRg nmafro wkgc"%r feacti ok product
cont ai ns ifnRthe ranGe Of 1 goUt 73 ouq 15wt . %
of vii), OH|,

macr ool ect y The magronol ecul ar
reaction product accor ¢ | m2 wherein said
macr onol ecul ar reactlagﬂ-roo RTPri ses one or nore

compounds represente& by t Re f ol owi ng genera
fornmula, Formula I: NP Nn (R4)g R6 R2
wherein R1 is H or hydrocarbyl, R2 is Hor
hydrocarbyl, R3 and R4 are 3, 5-di hydrocar byl -

4- hydr oxyoed¥l , R5 and R6 are independently H or
hydrocarbyl, n is a whole nunber in the

OH

wherein each R; R,, Rs, and R of Formulas I and HI are independently H or
hydrocarbyl, each R and R’ are independently hydrogen or a branched or straight chain alkyl

27



range of from about O to about 1, p and q are whole

nunbers and p+gq is in the range of from 26 WO
wQoD8/0E;B98989 PCT/ US2007/ 081604 about 1 to aboRCT/LS200T081604

is 1 when n=0 and mis a whole nunber in the range of

fromabout 2 to about 10 when n=1. 7) The

macr onol ecul ar reacti on product according to claim?2

wherei n said macronol ecul ar reaction product conprise

one or nore conpounds represented by the genera
formulas: a) Fornula Il: RS RL R R RLRE R RNR2
[HO9, H R R RR RROH oHP b) Formula Il

H RR\I, RRROMHI N--JR RRRR RNH

g R/ R\ (R

8)

9)

containing in the range of from about 1 to about 8 carbons; wherein each p and q of Formula
11 are independently whole numbers in the range of from about 1 to about 10 and p+q is about
10; each p and q of Formula III are independently whole numbers and p-+q is in the range of
from about 1 to about 12.

The macromolecular reaction product according to claim 2 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 IT, Formula II, or Formula I and Formula
.

The macromolecular reaction product according to claim 2 wherein said macromolecular
reaction product comprises

i) less than about Swt.% aromatic amines substituted with one 3,5-di-hydrocarbyl-4-
hydroxylbenzyl group, based on the total weight of the macromolecular reaction
product;

ii) less than about 10wt.% aromatic amines substituted with two 3,5-di-hydrocarbyl-4-
hydroxylbenzyl groups, based on the total weight of the macromolecular reaction
product;

iil) in the range of from about 1wt.% to about 35 wt.% aromatic amines substituted with
three 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups, based on the total weight of the
macromolecular reaction product;

iv) inthe range of from about 10wt% to about 65 wt.% aromatic amines substituted with
four 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups, based on the total weight of the
macromolecular reaction product;

v) in the range of from about Swt% to about 60wt.% aromatic amines substituted with
five 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups, based on the total weight of the
macromolecular reaction product;

vi) in the range of from about 1wt% to about 50 wt.% aromatic amines substituted with
six 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups, based on the total weight of the
macromolecular reaction product;

vii)in the range of from about 1 to about 15wt.% of one or more methylene-bridged

aromatic amines substituted with one or more 3,5-di-hydrocarbyl-4-hydroxylbenzyl
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OH P wherein each Rl, R2, R5, and R6 of Fornulas II
and I'll are independently H or hydrocarbyl, each R
war@smu898y e i ndependent |y hydrogen or a branchedr/vg2007/081604
straight chain al kyl 27 WO 2008/ 048989
PCT/ US2007/ 081604 containing in the range of from
about | to about 8 carbons; wherein each p and q of
Forrmula Il are independently whol e nunbers in the
range of from about 1 to about 10 and p+q is about
10; each p and g of Fornmula Il are independently
whol e nunbers and p+q is in the range of from about
Ito about 12. 8) The macronol ecul ar reaction product
according to claim2 wherein said one or nore
met hyl ene-bri dged aromati c am nes substituted with one
or nore 3,5-di-hydrocarbyl -4- hydroxyl benzyl groups
are repres®&tt®ed by Formula H, Formula Ill, or Fornula
I and For muthgein syiq npacrongleculrprestioypiedpcgrptpingitipirapge of fFesetbort on
product accwotbgit Mgt ¢ o€ braompiZnolvh@regdntad bs é¢ tlllowing general
macr onol ecdim@f: reaction product conprises i) |ess
t han about 5wt. % arongti ¢ am nes substituted with one
3, 5- di - hydrocar by - 4enzy| group, based on
the total weight of t'fe Tmacr thﬂHecuI ar reaction
product; ii) less than about "10wt . % aromati ¢ ani nes
subst i t utkstio g R Rige ey Hpyadpdrear by | -
hydr oxyl benzyl groups, based on the total weight of
t he macr gmRleCduduiiiv st fattciatifs suBitQEAWat gne Bb-tihydiodrbile

range of th%@ﬂéné}% ba e(th the'{gtell V%lgﬁb[q‘é Inact%rgoleMar re!@h@l Qﬁ&t ic

am nes s L{)gesss tﬂlan zH) u? wt ary III;!ltl amlners & stituted w1th two 3,5- dl—hydro arbyl-4-
3,5-di - rocar 47k based on

by Qﬁ s, ba %onrtoxg enzg rOolr'ln C reactio
thetotayﬁﬁi"gﬁﬂ{ o H’? PRt SHET S AT ERE FPE
product; PP¥¥ in the range of from about 10wt % to about
65 Wt . % & OEEo! EIbAESYLY Bt Pty eenayganires st with
3, 5- di - hysdle og-ambipkardi-4nyiciydyl Bemzodd griewpbyeighased on
the tot almacy&ﬁj,lgm”e@{ﬁongr@@t macr onol ecul ar reaction

pro duct ; ' IVYI)I the r{&ge on’r%m gba.\n g@t" oQo abo t GWA) %Ql%t%ta 1?6% flIth wﬁib out

60w . % ar onmat am nes sub
3, 5- di - hy'dr 6c‘5%‘>6§/‘ra’byzl4'i¥‘“8r‘|y‘8 “Zy‘l %"é"ﬁgb Fd o) r‘hé 8BS W"‘g‘Béfs,“éed on
the tot aI"mW@?‘ﬁH*l‘ reggfon frﬁ’é“

v) in the range of from about 8wt% to about 50wt.% aromatic amines substituted with

five 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups, based on the total weight of the

macromolecular reaction product;

vi) in the range of from about 5wt% t6 about 35wt.% aromatic amines substituted with

six  3,5-di-hydrocarbyl-4-hydroxylbenzyl groups, based on the total weight of the

macromolecular reaction product; and

viii)  in the range of from about 1 to about 10wt.% of one or more methylene-bridged
aromatic amines substituted with one or more 3,5-di-hydrocarbyl-4-hydroxylbenzyl
groups, based on the total weight of the macromolecular reaction product,

wherein said macromolecular reaction product contains in the range of from about 1
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macr onol ecul ar reaction product; vi) in the range of

fromabout Iw%to about 50 wt.% aromatic am nes
wGeIsnigoss ed with six PCT/US2007/081604

3, 5-di - hydrocar byl - 4- hydr oxyl benzyl groups, based on

the total weight of the macronol ecul ar reaction

product; vii)in the range of from about 1 to about

15wt . % of one or nore nethyl ene-bridged aronatic

am nes substituted with one or nore

3, 5-di - hydrocar byl - 4- hydr oxyl benzyl 28 WO 2008/ 048989

PCT/ US2007/ 081604 groups, wherein said macronol ecul ar

reacti on product contains in the range of from about

1 to about 5 wt.% of one or nore phenolics represented

by the follow ng general formrula: R R HOI I OH R

rl?y\(/jqugzzglr rb(])a outgwto):\:)fonj orr'nore é)he%{h% reﬁresglg,«?be?lg fel{(]) 1n%gngafl ng'PHu Ve

am nes substltut ed wif Q @ - hydr ocar byl -

hydr oxyl benzyl group, nobaged d‘Hhe total weight of t he

macr onol ecul ar reaction prodact; ii) |less than about

5wt % ar oRRtein GaclB hd T Se iSibHARnitytELbE ﬁgdrdemxh t wo

3 S- dIIO) 1@%@&&%@&@4&@& proﬂ}!thch&ﬁa\é ltoQﬁlQ@%/Leregr M§omop§l§re d on

t h e t Otreactlon. pl'O ug is Chalia(‘ﬁerllte a?havug onetor 0re ot(’Ehe fo OWIIlr goatc::rt‘iels (?n

pr oduct; rom abou Yot o
about 25 S‘\Rﬁfa““ylyéri“’(‘iffﬁ‘faft?f’ arﬁ’i’ﬁ“?f‘é‘@e CHBSET Pt ed with three
3, 5- di -"hydteliergl hagdipgpdipagsetishenzyl groups, based on

t he t otcakubspeiaigyhftee @ffarotnftie aminra @bstnl vad wiea p.s5-tidaotabat
product ; njaMyybénidl ddaan ange of from about 15wt % to about
60wt . %ﬂ&%ie&}a@éﬂn&%&ﬁQQ&LAg%%ﬁQ v&)ﬂéretnnald ntaQMolecular

the. ol B VRTaRTAer e R EePar Fonct on

product? V) |n the range of from about 8w %t o about
50wt . % aromati c am nesy’substituted with five

3, 5-di - hydr ocar byl - dr oxyl benzyl groups, based on
the total wei ght

b)
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macr onol ecul ar reaction product; vi) in the range of
from about 5w % to about 35w . % aromati c am nes
wGeIsnigoss ed with six PCT/US2007/081604
3, 5-di - hydrocar byl - 4- hydr oxyl benzyl groups, based on
the total weight of the macronol ecul ar reaction
product; and viii) in the range of fromabout 1 to
about 10wt . % of one or nore nethyl ene-bridged
aromati c am nes substituted with one or nore
3, 5-di - hydrocar byl - 4- hydr oxyl benzyl groups, based on
the total weight of the macronol ecul ar reaction
product, wherein said nacronol ecul ar reaction product
contains in the range of fromabout 1 29 WO
2008/ 048989 PCT/ US2007/ 081604 to about 5 wt.% of one
or nore_phenolics represented by the foll ow ng genera
formuld& R R 1 \ HO/ / OHR R wherein each
R and R are indepéefdg H or a hydrocarbyl. 10) The
macr onol ecul ar p --ct according to claim9
wherein saidH eaction product is
characteri zed ffore of the follow ng
properties: a ~ee of unreacted
aromati c am ne 7 b) substantially
free of phenolic stati\ng~aterial; c) substantially
free of aromatic "anj Wubstituted with one
3, 5-di - hydrocar byl -4- hydroxyl benzyl: group; and 11)
The macronol ecul ar reaction product according to claim
2, whergin said macronol ecul ar reaction product
cont ai ns one or nore.pfethe foll ow ng conpounds: a) HO

; and
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OH HNOH HO OH 30 WO 2008/ 048989 PCT/ US2007/ 081604
c) HOOH HOs/ 1 N\ / I OH HOOH d) OHOH HON
woR200810889€H HO OH OH e) OH off HD N N OH HCPCT/US2007/081604

HO | I OH

12) A composition derived from one or more organic materials that are susceptible to oxidation
in the presence of air or oxygen and an antioxidant product containing:

a) less than about Swt.% of one or more aromatic amines substituted with one 3,5-di-
hydrocarbyl-4-hydroxylbenzyl group, based on the total weight of the macromolecular
reaction product;

b) less than about 10wt.% of one or more aromatic amines substituted with two 3,5-di-
hydrocarbyl-4-hydroxylbenzyl groups, based on the total weight of the macromolecular
reaction product;

¢) in the range of from about 1wt.% to about 35 wt.% of one or more aromatic amines
substituted with three 3,5-di-hydrocarbyl-4-hydroxylbenzy! groups, based on the total
weight of the macromolecular reaction product;

d) in the range of from about 10wt% to about 65 wt.% of one or more aromatic amines
substituted with four 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups, based on the total
weight of the macromolecular reaction product;

€) in the range of from about Swt% to about 60wt.% of one or more aromatic amines
substituted with five 3,5-di-hydrocarbyl-4-hydroxylbenzy! groups, based on the total
weight of the macromolecular reaction product;

f) in the range of from about Iwt% to about 50 wt.% of one or more aromatic amines
substituted with six 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups, based on the total
weight of the macromolecular reaction product; and

g) inthe range of from about 1 to about 20wt.% of one or more methylene-bridged aromatic

amines substituted with one or more 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups, based
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and OH 31 WO 2008/ 048989 PCT/ US2007/081604 fl HO
TrOH 12) A conposition derived fromone or nore
woe@anisosat eri al s that are suscepti bl e to oxiPeX/Us2007/081604
in the presence of air or oxygen and an anti oxi dant
product containing: a) |less than about 5wt. % of one or
nore aromatic am nes substituted with one 3, 5-di-
hydr ocar byl - 4- hydr oxyl benzyl group, based on the total
wei ght of the macronol ecul ar reaction product; b)
| ess than about | Om.% of one or nore aromatic am nes
substituted with two 3, 5-di -
hydr ocar byl - 4- hydr oxyl benzyl groups, based on the
total weight of the macronol ecular reaction product;
c) in the range of fromabout Iw.%to about 35 wt.%
of one or nore aromatic am nes substituted with three
3, 5- di - h{drGER-EY Pt PRI B FHePRN gr oups, based on
the total whaeighnaciofolepulyeasiipnprodnasiniisir th range & At ot
product ; to@putiorwt.t bfenc pravprgidendfes rdpreemed Bl lillowing ki %mtulx about
65 wt. %of one or nore.a = am nes substituted
with four 3,5-di-hydroch yI-hydroxyI benzyl groups,
based on the total we€i ght off tfie macronol ecul ar
reaction product; e) in the range of from about 5wt %
to about “EBRECIYHBFR ?5?f‘éjep8]de“%’r°éa iRt i ¢ ani nes
subst 1i3]:Tmcg@0Wrtaﬁorfuilg\y)élalm 12 wherein said antioxidant product comprises one or
3, 5- di -thy dmoeas tkpyebentedi-biedhtiovng kdyenfznplla, Epnoaps, based on
the total weight of the macronol ecul ar reaction
product; f) in the range ,gf fromabout |Iwt%to about
50 wmt. % of one or no ®e gm nes substituted
with six 3,5-di-hy byl roxyl benzyl groups,
based on the total i ghts ORe tRA€~ macr onol ecul ar
reaction product; and g) in the range of from about 1
t o about wBRBinR. i oofydrgntel, B s Honbydecarrg {Ripyd Remxa-Sidhjddged
ar omat i4@xydro@ﬂénﬂﬁl§ af BRS tmieﬁehﬂ%rﬂﬂ{ Ahylirbtar®N) @ is OWholEAEIRY in the
3, 5-di - hy q{fggﬁ,&w& abélmhmr RV PERZY bna 9 QHBSmngbRARRd 32

WO 200 84 tz} §) aboul I(P nris1 L‘L§112 nQ(p aZ({ m0138a1w§1(?e number in the range of from about 2

to about 10 when n=1,

14) The composition according to claim 13 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 III, or Formula I and Formula III.

15) The composition according to claim 12, wherein said antioxidant product contains one or

more of the following compounds:
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on the total weight of the macronol ecul ar reaction
product, wherein said macronol ecul ar reaction product
w@oBAiss i n the range of fromabout 1 to aboRCT/L82007/081604
wt . % of one or nore phenolics represented by the
foll owi ng general formulaz: R I R HJO OH RR
wherein each R and R are independently H or a
hydrocarbyl. 13) The conposition according to claim 12
wherei n said anti oxi dant product conprises one or
nore conpounds represented by the foll ow ng genera
formula, Formula l: RL RS Np H (RAYGR6 R2Z n m
wherein RL is H or hydrocarbyl, R2 is H or
hydrocarbyl, R3 and R4 are 3, 5-di hydrocarbyl -
4- hydr oxybenzyl, R5 and R6 are independently H or
hydrocarbyl, n is a whole nunber in the range of from
about 0 to about 1, p and g are whol e nunbers and p+q
is in the range of from about Ito about 10, to is |
when n=0 and mis a whole nunber in the range of from
about 2 to about 10 when n=1. 14) The conposition
according to claim13 wherein said one or nore
met hyl ene-bridged aromatic am nes substituted with
one or nore 3,5-di-hydrocarbyl -4-hydroxyl benzyl groups
are represented by Fornmula Il, Formula Ill, or Fornula
Il and Formula I'll. 15) The conposition according to
claim12, wherein said antioxidant product contains
one or nore of the follow ng conpounds: 33 WO
2008/ 048989 PCT/ US2007/ 081604 WD 2008/ 048989
PCT/ US2007/ 081604 d) OH OH



HO/ \ \ N H HNI OH HOCHo off e) OH HO" / \ |
NN I' I\ / OH HOOHand, t) HOTrOH 35 WO
wQoe8H;B98989 PCT/ US2007/ 081604 16) The conposPCT/U82007/081604
according to claim13 wherein said antioxidant product
contains substantially no aromati c am nes substituted
W th one 3, 5-di-hydrocarbyl -4-hydroxyl benzyl group.
17) The conposition according to claim 13 wherein said
conposition further conprises one or nore
di spersants, detergents, anti-wear additives, extrene
pressure additives, corrosion inhibitors, rust
inhibitors, friction nodifiers, netal deactivators,
lubricity agents, pour point depressants, antiknock
agents, anti-icing agents, viscosity index nodifiers,
emul sifiers, denulsifiers, seal swell agents,
squbiF?zing agents,  antifoam agents, other
anti oxi dants or B iKlizers, diluents, solvents,
carrier fluids, or al kyl di t hi ophosphate, at
| east one cCcaopyemnty rfder ed phenolic anti oxi dant,
at | east oné& donv |l kyl ated di phenyl am ne
ant i oxi dant, & .or ganonol ybdenum conpound,
at | east one .

oH

€)

OH ; and,
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di phenyl am ne and at | east one organonol ybdenum

conpound, at | east one phosphorus-free anti-wear or
wWe@aoBemospr essure additive, at |east one PCT/US2007/081604

nol ybdenum cont ai ni ng or boron- containing di spersant,

at | east one organoboron conpound, at |east one

or ganoboron conpound and at | east one conventiona

al kyl ated di phenyl am ne, at |east one sulfurized

anti oxi dant, EP (extreme pressure) additive or

anti-wear additive, at |east one conventiona

al kyl ated di phenyl am ne along with at |east one (i)

sul furized antioxidant, (ii) EP additive, (iii)

anti-wear additive, and (iv) organoboron conpound. 18)

The conposi tion according to claim13 mherein sai d one

nore organi c materials is one or

thernBBP @PWWwBG?VW%ﬁ°“P%§?ﬁm8PSBTF@%H@P”“H%FﬂWﬁI of

sy nt hetsibgania{pypraqmaty pmigst sgpsitvgstngith one 3. GH-bydprarpyl-4-iviroxylggprel | | |

m ner algowi | s, pol y-al pha-ol efins, synthetic esters,

gas toyihd cﬁ{@hsdlord&ﬁrhlhé@d a1} herein it @mPRABLHthQ kdn$rises imfé ter nal

conmbust,,Q ﬁlsp@ram @@ergmsl ati-wehrBhalifeQ @Qrem@ssmdw@ conoion

| ubri Ca h%n%éis rust 11‘51%1{01‘8 fnc&)gsodlﬁerg1 lgetapde actwatcrs lhbn%?a ?%en S, Soulr pomt

oils, st

and oxi 8’5%5‘1‘“%““5‘?"?“ s ﬁ‘i?d‘r‘“éﬁﬁeﬁ“ V‘SF‘IS‘H "8‘?,‘ m"%eﬁp?‘&%&r
fluids denﬁ‘lmﬁﬁse»“\?\%wlbﬁgﬂl% solupylipepigppts gntifogm agpPig (e Prtioxiqepts or

aut omatsitdizerst ¢ilgens malverssi a@rier filidgjodZne diglsdifthiaphodpknte, aglaask one

gr easesonvelfal AnGOITPREIIE bil6XidGO NP NdisB |0 tom@rtio@NBky@Ed DT €
or gani GipRtRt.Gid aaio§daxtg%£sto§efo§an§ﬁd§&&mclml%ﬁd k Qm@&éh@ﬁc&dl on in

the pr ed hee y% in and.aée!asq oneo orrganomo)l(})!cgn%tg co§n§o|u1% aI leas(tjong gpoms fir | east
one OI ? 111 ei’) VI SC OSIt rom oup

I, a““ 1l ﬁ"‘fe‘“ﬁi’rﬁsé?e g‘id‘“‘& 7 kst o oTVbdé‘?”Bﬁ‘ﬁm‘Bi‘ f P,

sy nt hetc?“&“”‘é%%“é‘i*%m aplerel °Peo°rﬁa‘}°P$L?P EPrEr ¢ et oF I°r§a“°bl§i’“o-
based otirgind andrt Easirverl congantivipUiy it diplenygninpeat s o, sulforzpd r 0ad
and marabtieiad, BDEired fksSye) Adtvitk ali-wgaiitva3bleie 2008664 8989
PCT/ US%@@a?eé Qﬁgﬂﬁ%e al@lggxth Qt@easodni @ sulfigigbd a.ntlda!ﬁfkaﬂ (ﬁﬁP Qfdll‘.l@ )

st eam tyrh “{‘l’gadg“‘{ﬁ%ﬁi(‘%\é gggbh Qm& g;lpl ne oils, rust and

glx : g :fl\lbge compPSnmn accor rﬁ, éol%lal% lﬁ wherem r%a.ad one o more rnl?n%a? g{%‘i f legrl d S
transm “§§ f‘hﬁfﬁ"pﬁt‘ﬁ?"%er rge %Il"“gﬁ)‘?ef §at“raé‘ﬁ ﬂm‘bef"é%l’geég elas!ﬁ')“er an
ant i oxiCaritll pdibdioret ollsly-elehe-elefing yrtetic psiprs, Asth faoddergalaits,
Pr oductbio@Re pilsQ@hbiainisiig ingifed)s, rhils@nd e uaibow baubiks. %
ar omat | eficin&dil, él@t&bl&ldm%{édmtﬁhﬁn@dls W'xatioh tu@HEdils, rust and oxidation oils,

3 5-di hg:l}/ag{c %&@r Q%lressorz]ﬂuny glﬁ yclllp %&N Ll]S gJalQlH de aptgr‘ﬁlg

the t X . t 1 oxi dant Product One; (2) Iess
t han abf‘)“snt“mf) S.Wrzoa‘rsém TC amines substituted with two
3, 5- di2AFerrdieEPBY1"e4- hydr oxyl benzyl groups, based on
the t OteabrepionbreaniphaicArtiaR pieieRfitte (Pridierctthe @eperse of air or

oxygen selected from at least one oil of lubricating viscosity selected from Group L, 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
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(3) in the range of fromabout Iw.%to about 35 wt. %
aromati ¢ am nes substituted wth three

W@ 2@8disoBy dr ocar byl - 4- hydr oxyl benzyl groups, bBSEUSZINT/081604

the total weight of Antioxidant Product One; (4) in
the range of fromabout | Om%to about 65 wt.%
aromati c am nes substituted wth four

3, 5-di - hydrocar byl - 4- hydr oxyl benzyl groups, based on
the total weight of Antioxidant Product One; (5) in
the range of from about 5w % to about 60wt. % aromatic
am nes substituted wth five

3, 5-di - hydrocar byl - 4- hydr oxyl benzyl groups, based on
the total weight of Antioxidant Product One; (6) in
the range of from about |w%to about 50 wt.% aromatic
am nes substituted wth six . o

3, 5- di - h§rdpeotauyitine gl H5pa PERy 1 h By bEobupsd BEEEd on
t he t ot abilsviedrglyt fluigé comppptor Buids.chBdavay Pisodengt oilOmanual () | n
t he rangeuoaic frahdmia b iearbild @d gdaaut 20wt % of one or
nmore ngf t]%hgmntpgdmg@gdﬁoar omati ¢ am nes substituted

wi th onejor olg('gant%oélct%lle }{a%lgcar byl - 4- hydroxyl benzyl
gr oups, t he xi dant

Pr oduct O_]é) lesm%albout SH’( } aIO{nI 6 f)i(rrlunas S\gr)ftltufsg w1taone % drocarb)h t ai ns

in the rangedFoxeEhEaD T orhefs! veidhedtioddn (rehst one

or nore ph@énoithagaourlpypoagesptanioes Pyttt mithfwo BF-gwidrgrbdener al
formul a: R 4Rydroxii@zfl gréohd, bask olhe i@ wlMDAQ08d20 B 8OBGhe;

PCT/ US2 007(3ﬂ8tﬂeﬁgé]e of 1300 6L 1w BAGR 35t B AEknalR amBds Substituted

i ndependent 'Mhéﬁleeosr 5-dBydRY 1Q%?a¥o£})élmzy1g%6ps ba'sehénthé@t£1lvé?gﬁﬂ dant
Pr oduct Two, of 5 nomdanblg(id | ess 't han about . %

aromati ¢ ami‘ne ued W th one

3, 5- di - hy dfoR BT B IPLoR LAY TGP BENZ P oBH SRR “FAYEd on

t he total weitght 3&fi-hpptibgthdanePleyersbaed oot vigd) | ess
t han about 5SniSGdarfadwtdne an nes substituted with two
3, 5-di - hydispedd ryd of #hmBisse 5.ax% yol @ aEY o arbifafifiies sbsdis@d on
the total wejght ;QfinALi@%hdaben TR Gled MProtal weight

of Antioxidant Product One;

(6) in the range of from about 1wt% to about S0 wt.% aromatic amines substituted
with six 3,5-di-hydrocarbyl-4-hydroxylbenzy! groups, based on the total weight of
Antioxidant Product One;

(7) in the range of from about 1 to about 20wt.% of one or more methylenc-bridged
aromatic amines substituted with one or more 3,5-di-hydrocarbyl-4-
hydroxylbenzyl groups, based on the total weight of Antioxidant Product One,

wherein Antioxidant Product One contains in the range of from about 1 to

about 10 wt.% of one or more phenolics represented by the following general

pegey
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(3) in the range of from about 5wm.%to about 25 wt. %
aromatic am nes substituted wth three

W@ 2@8disoBy dr ocar byl - 4- hydr oxyl benzyl groups, bBSEUSZINT/081604
the total weight of Antioxidant Product Two; (4) in
the range of from about 15wt % to about 60wt . % aromatic
am nes substituted wth four
3, 5-di - hydrocar byl - 4- hydr oxyl benzyl groups, based on
the total weight of Antioxidant Product Two; (5) in
the range of from about 8w % to about 50wt. % aromatic
am nes substituted wth five
3, 5-di - hydrocar byl - 4- hydr oxyl benzyl groups, based on
the total weight of Antioxidant Product Two; (6) in
the range of from about 5w % to about 35wt. % aromatic
am nes substituted wth six
3, 5- di - hydr o¢gsisgrh R ad Ry irgrypdeneh 2y g elips, based on
the totabkr wei ght of Antioxidant Product Two; and (7)
i n the rangesgkidhrromtabouhbridngt 0 about 20w . % of one or
nore et hyhﬁgﬁﬁapz[b(i)udlg@’ﬂaronﬂrc Qﬂﬁﬁlsﬁbﬁituamitﬂﬁls 3,§'Mlﬂﬁloj:atbﬁl-t ed

Wi th one or oI e 3., 2:00h vM O REA WY o Frno N BE- QY Hpenzyl

groups, baged on the total weight of An x1 dant
e e T T L e
in the range oY FrEHFapdatd 1t W veEhe Ao ik 986t one
or nore ph€nothdree offep el Bt edbolys tHarofagt b iefe ner al
fornmul a: R R thredR, 5-di-iyi@lcartH-hydRxyiRent p@bre bdsed @ate bal Rigaend R
ar e i ndependgpfibysantbQlct ®o:hydr ocarbyl ; c¢) one or nore

addi ti ve(s) sal febeAn fh® 8l SHEMHAN L SmaudBhe LHRHLS |
anti -wear add

SCT] US007/ 08T BBA T y&%’%@%‘%&é’%’g’%ﬁd Py ey e
corrosi on i MhfBPEHEt Y8t inhibitors, friction
nmodi fi er s, Chipthakneedbizpmteboy vt togbout 5 te prerhatigamingg ehttigted pour
poi nt depr esgank s,;-didyditotakn@akroat@tsSyps, Sist br-thc Ol eieht
agents, Vi sg@sibddnt dastedonodi fiers, enulsifiers,
demul si fi e nSER of SWBIokt sAGENM 35w A hrthRlid dnihds ABAGENT S,
with six 3,5-di-hydrocarbyl-4-hydroxylbenzy! groups, based on the total weight
of Antioxidant Product Two; and
(7) in the range of from about 1 to about 20wt.% of one or more methylene-bridged
aromatic amines substituted with onme or more 3,5-di-hydrocarbyl-4-
hydroxylbenzyl groups, based on the total weight of Antioxidant Product Two,
wherein Antioxidant Product Two contains in the range of from about 1 to

about 10 wt.% of one or more phenolics represented by the following general

pegey

wherein each R and R’ are independently H or a hydrocarbyl;

formula:

¢) one or more additive(s) selected from dispersants, detergents, anti-wear additives,
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anti foam agents, other antioxidants or stabilizers,

di l uents, solvents, carrier fluids, or Znc
waelec@Bkyd98d t hi ophosphate, at | east one convent i PCEIUS2007/081604

hi ndered phenolic antioxidant, at |east one

conventional al kyl ated di phenyl am ne anti oxi dant, at

| east one organonol ybdenum conpound, at |east one

al kyl ated di phenyl am ne and at | east one

or ganonol ybdenum conpound, at |east one

phosphorus-free anti-wear or extrene pressure

additive, at |east one nol ybdenum contai ning or

bor on- cont ai ni ng di spersant, at |east one organoboron

conmpound, at |east one organoboron conpound and at

| east one conventional al kylated diphenylam ne, at

| east one sulfurized antioxidant, EP %extrene

pressur e Pral et At Gy coxpnnhibiRgs 4t B friciprmodifiys nedla s t

one conv éxtivaom abricityladeyd rmir et dekirepimenyknadrieere aaltipaggentv t h at

| east oOnNeiscosfiyiintexSibthifkre) EnfuBiese), danbified e¢ald @ gpnts (sdlubi)izinfgents,

additive antl&)zimj a&eats @Qltajltib:lm@sror stﬁﬂﬁg'stdilu\ﬁﬁ, solﬁlﬂs‘i&r(ld.r ﬂ(l)ds, or Zinc

or ganoboalapmhsa&@;&% ale W o%eanveImdl hmam@oﬁcgrg&mﬁm;stdl ng
toclaiml onpri ses

one or ﬁ% con\mona | al Oylilte%pgplhenylamme ant10x1%ant Citq%st pnf ?_]%mo{\nolyfb{l:eréu\rlnvI ng
gener al foali;ortﬁﬂ aéleast [gleﬂallk[;[lﬂteédlqhenylmne anﬁagt leesé)nborgmmmxéﬁden%mR 4) q
R6 R2 m e aeafRpne phaspleunsiee ek oissiopr pressur@ditivagat fepsior
hydr ocar by plybRgumecbrthinkdor Buifog-codtpiBre distaryaalr apieast oie yrkzancboron

4- hydr oxYdagdyat icast 5% orghfit8ordRGomBdu@ add AALSPRNGR BMidhay alrlatir

h y drocar lelenylarﬂne aﬁea@onm@]llz@d a&m@ Ep (éx{t]emt ]J?cgsure) L@R9& an@f from

about 0 { g)ar a d?twe at le¥t o?e converrlllonalglkﬁa e§ d1;}ﬁ'%?1)9amm690n% w1t§6§:astaone . p+ q

isin thera
when n=0 (‘)aiH’a”ZF"ﬁ““P’%“a”é G StE erifrperr ey “Pé‘ﬁ"@??"‘"%?f f r om
about 2 camgevbout 10 when n=1. 21) The conposition

ac c or Wi Thgoriipasitiod agbriine 23 lakwh Bvierkimnsaig aicdidatptoivgxint@yrepr oduct
CONPr i SBE copndOEpresc IRAILEGANPQ WadSomep rasant ed by
Formula Il and Formula I11. 22) The conposition
according to claim20, whgrein said antioxi dant

product contai ns onejrs 0
compounds: 39 WO 20

wherein Ry is H or hydrocarbyl, R; is H or hydrocarbyl, R3 and Ry are 3,5-dihydrocarbyl-
4-hydroxybenzyl, Rs and Rg are independently H or hydrocarbyl, n is a whole number in the
range of from about 0 to about 1, p and q are whole numbers and p+q is in the range of from
about 1 to about 10, m is 1 when n=0 and m is a whole number in the range of from about 2
to about 10 when n=1.
21) The composition according to claim 20 wherein said antioxidant product comprises one or
more compounds represented by Formula IT and Formula III.
22) The composition according to claim 20, wherein said antioxidant product contains one or

more of the following compounds:
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PCT/US2007/081604

b) HOOH HNOH HOOHC HOOH HO
OH OH

WO 2008/ 048989 PCT/ US2007/ 081604 d)

N OH HO I

a)

_
=}

<)
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e) H HO/ VI \ NN I ~\ /| OH HO OH and, fl

HO TrOH 23) The conposition according to claim 19
wob@seiIsssai d anti oxi dant product contains PCT/US2007/081604

substantially no aromatic am nes substituted with one

3, 5-di - hydrocar byl - 4- hydr oxyl benzyl 41 WO 2008/ 048989

PCT/ US2007/ 081604 group or substantially no aromatic

am nes substituted with one 3, 5-di-hydrocar byl -

hydr oxyl benzyl group and substantially no aromatic

am nes substituted wth two 3,5-di-

hydr ocar byl - 4- hydr oxyl benzyl groups. 24) The

conmposition according to claim19 wherein b) and c)

are blended with the at |least one or nore oils as a

concentrate, wherein said concentrate contains in the

range of fromabout 5 to about 95wt.% a) and a

di luent® oi | . 25) The conp05|t|on according to claim19

wherei n said one or > nethylene bri dged aromatic

am nes substituted w nor e

3, 5-di - hydroc xyHbenzyl groups of

Ant i oxi dant Pr Ant i oxi dant Product Two

are represented Formula 111 or Formula
Il and Formul a |
e) OH
¢ {0
-~ O O N 0 OH
J
O O O O OH
HO O
S ;o and,

0 | | OH

23) The composition according to claim 19 wherein said antioxidant product contains

substantially no aromatic amines substituted with one 3,5-di-hydrocarbyl-4-hydroxylbenzyl
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WO 2008/048989 PCT/US2007/081604

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.

24) The composition according to claim 19 wherein b) and ¢) are blended with the at least one or
more 0ils as a concentrate, wherein said concentrate contains in the range of from about 5 to
about 95wt.% a) and a diluent oil.

25) The composition according to claim 19 wherein said one or more methylene-bridged
aromatic amines substituted with one or more 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups of
Antioxidant Product One and Antioxidant Product Two are represented by Formula II,

Formula III or Formula I and Formula II1.
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