ALKYLATED HETEROCYCLI C REACTI ON PRODUCTS USEFUL AS ANTI OXI DANTS FI ELD OF
"THE | NVENTI ON [ 0001] The present invention relates to reaction products
that are useful as antioxidants in organic materials normally susceptible
to oxidative degradation in the presence of air or oxygen, such as
petrol eum products, synthetic polyners, and el astoneric substances and
processes suitable for preparing such reaction products. BACKGROUND OF THE
| NVENTI ON [0002] It is well known that a wide variety of organic naterials
are susceptible to oxidative degradation in the presence of air or oxygen,
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3,5-di - greatly if new and highly effective process technology is provided for producing known
effective oxidation inhibitors.
[0003] U.S. Pat. No. 3,673,091 discloses forming oxidation inhibitors by the reaction
between 3,5-di-tert-butyl-4-hydroxybenzy! alcohol and aryl amines, carbazole, phenazines, or
acridines. Unfortunately, the resultant reaction product is a complex mixture containing large
quantities of unreacted amine starting material and in which the desired products are formed

in low yields.

SUMMARY OF THE INVENTION

[0004] In some embodiments, the present invention relates to macromolecular antioxidant
products having properties enhancing their usefulness as oxidation inhibitors, especially for
petroleum products of the types referred to above. These macromolecular reaction products
comprise one or more i) heterocyclic compounds substituted with one 3,5-di-hydrocarbyl-4-
hydroxylbenzyl group; ii) heterocyclic compounds substituted with two 3,5-di-hydrocarbyl-4-
hydroxylbenzy! groups; iii) heterocyclic compounds substituted with three 3,5-di-



hydr ocar byl- 4- hydr oxyl benzyl groups; iv) heterocyclic conpounds substituted
with four 3,5- di-hydrocarbyl-4-hydroxyl benzyl groups; v) one or nore

het er ocycl i ¢ conpounds substituted with five

3, 5-di - hydrocar byl1- 4- hydr oxyl benzyl groups; and, vi) one or nore

met hyl ene- bri dged heterocyclic conpounds substituted with one or nore, in
sone enbodi nents in the range of from about Ito about 12,

3, 5-di - hydrocar by1- 4- hydr oxyl benzyl groups. [0005] Preferred macronol ecul ar
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DETAILED DESCRIPTION OF THE INVENTION

Reaction Products of the Present Invention

[0008] As noted above, the macromolecular reaction products of the present invention are
useful as antioxidants; thus, these macromolecular reaction products are sometimes referred
to herein as alkylated heterocyclic compounds, antioxidant products, macromolecular
antioxidant compositions, or macromolecular oxidation inhibitors for simplicity. As stated
above, preferred antioxidant products of the present invention are compounds that are liquid
at room temperatures (about 23°C) or solids that melt at less than 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



hi gh viscosity index 100 Neutral and 50% by vol ume of high viscosity index
250 Neutral such as referred to in U S. Pat. No. 3,673,091. [0009] The
anti oxi dant products of the present invention typically conprise one or
nore heterocyclic conpounds substituted with one or nore

3, 5-di - hydrocar byl1- 4- hydr oxyl benzyl group(s), and one or nore heterocyclic
conpounds substituted with one or nore 3, 5-di hydrocarbyl-4-hydroxyl benzyl
group(s) and having a nmethyl ene bridge. The al kyl ated heterocyclic conpound
typically conprise one or nore i) heterocyclic conmpounds substituted with
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preferably in the range of from about 15 wt.%to about 30 wt.% nore
preferably in the range of from about 10 wt %to about 20w . % het erocyclic
conpounds substituted with three 3, 5 di-hydrocarbyl-4-hydroxyl benzyl

groups, on the sane basis; iv) in the range of from about | Om%to about 70
w.% preferably in the range of from about 15wm % to about 65 wt.% nore
preferably in the range of from about 20wt % to about 60 wt. % heterocyclic
conpounds substituted with four 3,5-di-hydrocarbyl-4- hydroxyl benzyl
groups, on the sanme basis; v) in the range of from about 5wt %to about 45
w.% preferably in the range of from about 8wWm % to about 40 wt.% nore
preferably in the range of from about |1 Om % to about 35wt . % heterocyclic
conpounds substituted with five 3,5-di-hydrocarbyl-4-hydroxyl benzyl groups,
on the same basis; and vi) in the range of from about |w%to about 15wt . %
preferably in the range of fromabout 1 to about 1 Om.% of one or nore



Cn R12 wherein X is sulfur, oxygen, or nitrogen, R2 is H or
hydrocarbyl, R3 is 3,5- dihydrocarbyl-4-hydroxybenzyl, R is H or
hydrocarbyl, n is a whole nunber in the range of fromabout 0 to about 1, p
is a whole nunber in the range of fromabout Ito about 10, and mis 1 when
n=0 and mis a whole nunber in the range of from about 2 to about 10 when
n=1. In sonme enbodi nents, RL is H n=0, m=1l, and p=1 and the reaction
products of the present invention can be represented by Forrmula Il: [0012]
In sone enbodi nents, X is sulfur, in some enbodi ments, X is oxygen, and in
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[0010] In some embodiments, the antioxidant products of the present invention can be
described as comprising i) less than about 10 wt.%; preferably less than about 5 wt.%, more
preferably less than about 1 wt.%, heterocyclic compounds substituted with one 3,5-di-
hydrocarbyl-4-hydroxylbenzyl groups, all based on the total weight of the antioxidant
product; ii) less than about 20 wt.%,; preferably less than about 15 wt.%, more preferably less
than about 10 wt.%, heterocyclic compounds substituted with two 3,5-di-hydrocarbyl-4-
hydroxylbenzyl groups, all based on the total weight of the antioxidant product; iii) in the
range of from about 15 wt.% to about 40 wt.%, preferably in the range of from about 15 wt.%
to about 30 wt.%, more preferably in the range of from about 10 wt% to about 20wt.%
heterocyclic compounds substituted with three 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups,
on the same basis; iv) in the range of from about 10wt% to about 70 wt.%, preferably in the
range of from about 15wt% to about 65 wt.%, more preferably in the range of from about
20wt% to about 60 wt.% heterocyclic compounds substituted with four 3,5-di-hydrocarbyl-4-
hydroxylbenzy! groups, on the same basis; v) in the range of from about 5wt% to about 45
wt.%, preferably in the range of from about 8wt% to about 40 wt.%, more preferably in the
range of from about 10wt% to about 35wt.% heterocyclic compounds substituted with five
3,5-di-hydrocarbyl-4-hydroxylbenzyl groups, on the same basis; and vi) in the range of from
about 1wt% to about 15wt.%, preferably in the range of from about 1 to about 10wt.% of one
or more methylene-bridged heterocyclic compounds substituted with one or more, in some
embodiments in the range of from about 1 to about 12, 3,5-di-hydrocarbyl-4-hydroxylbenzyl
groups., all based on the total weight of the antioxidant product.

[0011] In some embodiments, the reaction products comprise one or more compounds

represented generally by Formula I:



R [0014] In Formula Ill, R and R are independently H or hydrocarbyl, and
Rl and X are as described above. [0015] In sone enbodi nents, the

macr onol ecul ar anti oxi dant conpositions of the present invention contain
one or nore, preferably two or nore, conpounds represented by the foll ow ng
general Formula IV:

R1 x (R)p
_ g g
. ?Jm
o R2_m

wherein X is sulfur, oxygen, or nitrogen, Ry is H or hydrocarbyl, R; is 3,5-
dihydrocarbyl-4-hydroxybenzyl, R; is H or hydrocarbyl, n is a whole number in the range of
from about 0 to about 1, p is a whole number 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.
In some embodiments, R1 is H, n=0, m=1, and p=1 and the reaction products of the present

invention can be represented by Formula II:

=

OH

[0012] In some embodiments, X is sulfur, in some embodiments, X is oxygen, and in other
embodiments, X is nitrogen.

[0013] As can be readily understood when discussing the degree of alkylation of the
heterocyclic compounds in the reaction products of the present invention, the inventors
hereof are referring to the “p” value. For example, if the reaction product is represented by
the Formula I, a mono-alkylated heterocyclic compound would have a “p” value of 1 and be

represented generally by Formula II1,

R1 OH
RI
[0014] In Formula III, R and R’ are independently H or hydrocarbyl, and R1 and X are as

described above.

[0015] In some embodiments, the macromolecular antioxidant compositions of the present



wherein RR, R, R, R2 and R4 are independently hydrogen or hydrocarbyl, g
and s arc whol e nunbers and g+s=p, and X is as described above. For
exanple, a tetra-al kyl ated net hyl ene-bri dged conpound represented by
Formula 1V may be represented by Formula Vi HOR OH [0016] It is also
obvious to the skilled in the art that the substitution pattern shown in
Formulas Il, IIl, IV, and Vis for visual representation only and the al kyl
and phenolic substitutions nay take place on all the available active sites
on the heterocyclic nolecule. The skilled artisan will al so recognize that
in case of ni.trogen containin ogycl e [ S i.dge
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be two unﬁﬂswhgghmmlﬂhmuhﬂﬁe thlophene anal ogs. [0017] The ant|OX|dant
products of this invention, such as those described above, preferably have
boi ling points at atnDspherlc pressure of at |east about 175C. Use of
Reacti on Products of the Present IQvBmt|o R40018] Rhe reaction products of
the present inventidn : R | € orTjsal e as

HO

wherein R, R’, R1, R2 and R4 are independently hydrogen or hydrocarbyl, q and s are
whole numbers and g+s=p, and X is as described above. For example, a tetra-alkylated

methylene-bridged compound represented by Formula IV may be represented by Formula V:

[0016] It is also obvious to the skilled in the art that the substitution pattern shown in
Formulas II, III, 1V, and V is for visual representation only and the alkyl and phenolic
substitutions may take place on all the available active sites on the heterocyclic molecule.
The skilled artisan will also recognize that in case of nitrogen containing heterocycles, it is
possible to bridge through the nitrogen atom and in such cases the degree of alkylation will
be two units higher than the thiophene analogs.

[0017] The antioxidant products of this invention, such as those described above, preferably
have boiling points at atmospheric pressure of at least about 175°C.

Use of Reaction Products of the Present Invention

[0018] The reaction products of the present invention can be made available for use or sale as

“neat” or as solutions in base oil compositions for use as an antioxidant in any organic



"neat" or as solutions in base oil conpositions for use as an anti oxi dant
in any organic substrate material normally susceptible to oxidative
deterioration in the presence of air or oxygen. In this usage, an

antioxi dant quantity of a novel product of this invention can be bl ended
with the substrate such as, for exanple, a lubricating oil; a liquid fuel;
a thernoplastic polyner, resin or oligoner; or a natural or synthetic
rubber or elastonmer. [0019] Additive conpositions of this invention
constitute another way of protecting such organic material against

premat ur e ative deterlor i Q e Thus,
when ad ap§u§§7a? Oﬁnateréal ngrmallx %SP':?D {o oxgﬂﬁvqoge‘?esr%?a%%n Cfx{ e Jresglé:gcc%f?égn&pr o duct S
of this i mygm i mrthlsalmgb,earpambmdédt yquauhtltymf@chcxvcl miodwbbﬁﬁéad ipventorba@seéeoi | or
process o r..ca b n t hat nly used
e wr cooigef oy B PR aRey B e iable R RARGRAS o3 LS EATHOD Y

i ncl ude Ghemmplasuclpblyrrandeslﬂ dr ofiamear;air aoatln@l orpphthetgirgibar aleleftomer, synt heti c
esters L. qui I ' S . ot her
i 11 vealPHPLEP sEmBRHoE B e 5B, shunBeaRuRl vy oF SRABLES S, D1 U2

bl ends wi d)rgamdmatﬁeai@galmh pmr@dm@@&dabrﬁ'e ti¢terioratipa nin therpréserese @l eir oboxyger-e not
imted Ry 0 ERCIARR For HELELAGKTve Al JRA: AAiLdNES proild GitisPT esSUr @
addi tives, Corros |o tors, rust in tors, fFiction modi f I ers, pour
poi nt depmw&amt@ be\naéebx fifyed grdiéseolimsdh Ribesesoil asrpimcsssfailegrscan fe Mandsidf i er s,

seal swvel t in A0de ARG 30 RBliSmtsA Bk smsicanenger s,

met al dea%?@gg 6$gp&%L§Qhkher an??gg%ﬁé%?stgr sgg |£eP§ Cb'ﬁlnatlons of
one or m)lme ofls thaegey deryserh éeluge @awpble Iiged Iﬂommpr@ljg&% palicilnbpwéefibh.ends with
one or o dsRf, & E@t%tliqgﬂ 429 @i)mtlﬁke% dl@v@iﬁﬁlﬁl@s of SiRL 1ad@9¢ést Ive
conp05|t| Or Us& i n Interna ustion engine oils, railroad and
narine | uflbatl Wathbe usedate unreducy agw éﬁ@luﬁéu‘dP‘P@amg@g“W& oisnA® Wit |tae re3¢te8m t ur bi ne
oils, avi I?rstﬁa{a ogléﬁebino&mgh liRiude, Utk 2Rt %’it&ﬂ{d QRpQind dé%éf ndUbhtewbdrui ds,
conpresso deway oils, quench oils, manua automati ¢

t ransni ssidgitives, extegne paRsaure éﬁql%ves g@@%ﬁ@gnhl@f%s “é%ﬁ‘hl?éo‘fsoﬁf ifér BYdifrendi ng one
or more Ogou% Ftﬁntrd%ﬁ@&hrﬁﬂ vREQHY Glasx Abditit SriuRYRAS BRI sehl MdiLgpis, sol vent,
or carrier uid and/or one or nore other suitable addjtives. The additive
conposi t | BHbilEmet pecats; RPN opecFapEid dSPENETS e MeR] SePLivE. @BhtPH in t he

range of SyivkidintsQr Yabinbcre. depanidiigs SIRA8 of H&e BERBR comPshehty B &fus&t tber
conmponents in the blend, based on the total weight of the addit]

conposi t i P duct-pgiitivedends Bith @8 PhEorsi 9f shegracting BrodpRi o s ATYRAGqD: ﬁ‘f ‘ai n an

ant i oxi dagyyitt'aBhbdswtiodt 8r REOSHIGHterfdl dohibSstioN VeRBint Qils, Ydilidald aA@DHAnet ypi cal |y
is at |least about 0.1 w9% preferabl éaat | east abou]

pr ef er abl ]‘yb%ﬂamﬁé’&g’fal&%?ftgm? W’%aﬁ)&’él@ o> BiFAn fushing O\EI%PG?'H"“&W%‘L“F\QHR ni shed

lubricating fdl oxidd@pe ek, Ny deRA ki, EdtiResedr HEUsYisGlevadr oishigdack logs,0i | of
l'ubricating viscosity is |ntengmg%gthe amount of th%?g % ct,.of. this

i nvent i orM#UakHE dUERaTGFATSBIStRR ¢ QU &4 €5 G bldingi ve
conposi t i &R of AdkeAdfMhdadibR pREudIDERhiO Inteitios SIPQNENIES, solveht, biypirRaflhid be no
nore than about 15 wt% on t %gﬂe ba@hs.d.ROOZ%% The Ig%ﬁlcatlng oi | used
in these %‘H‘B’BGP‘?T%F’Q”O‘PW‘?WB“ SEBHE e B I e CRRPRRNGR V& hetic, or
a bl en? Offdgﬁfbd'lﬁfr&lhe anellsadan ﬁyﬁﬁuhel}i ithe rkutgel’d'f C5a\t/i%lg> 95 W% dtpeding mpdmstmr e .
typlca i ndystrial or. crankcase |u at i a m t ur bi nes,
transm ssTUERELAdHYRS L GHCE CHRePGYS mg Y gﬂﬁ?cf%“dt?’a“’ al V‘% %F etqué1 i ocﬁiatl YGni t ed
internal caipbisdn. (Iﬁmelﬁgllmﬁatmfg@ﬁls emrsphemat wmaionga]sanemg@m@m qlal:ﬂbtgl’mbl | e
and truck en - JJAr i ne, neral bricating
oils can §é& p?%ﬁfﬁf’é&”‘? W&?ﬂ%g? ‘%ﬁ(ih aénou’éqmaalﬂf/ ic eﬁsétpﬁ?]ﬁg)rslll e raereéﬁbll% %I c or
m xed basleascitsdeswiod hed nvbr prefatablyg @hdt sbanas wh)% basedton|theabe! weight@f thdual
| ubricati as, _for. exa ht S | en f the oils
to give & Hﬁ?ﬁ bﬁgﬁ%ﬂégg §¥%?Qméppﬁpé P@ﬁoprgﬁg?%fggkh ﬁ@ﬁgﬁﬂﬁwqmée oils
used can be (i) alkyl esters of dicarboxylic acids, polyglycols and
al cohols, (ii) poly-al pha-olefins, including polybutenes, (iii) alkyl
benzenes, (iv) organic esters of pho%phoric acids, or (v) polysilicone
oils. The base oil typically has a viscosity of about 2 to about 15 ¢St and
preferably about 2.5 to about 11 cSt at 100C. [0021] Additive conpositions
adapted for use in formng liquid fuel conpositions of this invention
(e.g., gasolines, diesel fuels, jet fuels, gas turbine engine fuels, etc.)
can be fornmed by blending therewith or providing therein an anti oxi dant
.quantity of one or nore of the reaction products of this invention in the
formof an additive conposition of this invention conprising at |east one
novel compound of this invention together with one or nore other additives,
such as detergents, carrier fluids, denmulsifiers, corrosion inhibitors,



[0022] Liquid fuel conpositions of this invention are typically fornmed by
bl endi ng an anti oxi dant quantity of at |east one of the reaction products
of this invention with the fuel, either as a single additive conposition
(i.e., containing no other type(s) of fuel additive) or as an additive
concentrate conprised of at |east one of the reaction products of this

i nvention together with at | east one other type of fuel additive. The
additive concentrates of this invention thus can contain in the range of
about 5 to about 95 W % of at |east one of the reaction products of this

invention, , with. t nce to 0 wt% b one o ot.her additives
and opt i offEFIsyy is 'nﬁF‘Peaeﬁf amg‘iﬂt\‘?éﬁf’ Prdugt F}Vg‘r“v?nluﬁ‘? é]e‘r’@fiehebeé%é‘g‘eb?'ﬁ the total
wei ght of sdill%laddiddi dri at&n(hﬁﬂhﬁed’ltd’nﬂioeltloﬂ_ b(ﬁlt&flﬂllﬁlg sieest hatelothed BRMinkitd el
typi caIIy n an a n. the range of about 0.0001 to
about 0.1 %Rt ‘b‘”ﬁ?r&ﬂ}? %ﬂ“g?ﬁtw é%l’?ﬂ‘s about 0.001 to about 0.05 wt %
of at |ea$@020]1’ﬁhedflbrtchﬁ1gfcﬁlaﬂid 1ﬁIﬁlem@dmdimkn@fofﬂlbp&sdnﬂiﬁeﬂﬁlbﬂ)é’an ba|nhm€bﬂs ed on

Wil |

t he total ni s fuel .c sition. [.0023]. It
course be %Aﬁ‘%?gr Pst 08 e’t“ﬁg{ TR |38?1(8€ Wé’ﬂgﬁg?‘g’F’C%FeOﬂ%f T(t?‘ﬁsé %’ga"é‘f |t36’hcabr oduct s
of this i imdesttialam cvmkd‘asealubmqtlmdoxfkiﬂfosgs[sadrestefamethrbﬁres,Oiahsmlksﬁtﬁx clfrel@dtaulim

products gf..this inv. exi st in exact t ‘
conposi ti gn T s ‘gnrﬁe hce(’§/r1 ?l%n'%g%feé{ﬁed?atl °8ﬁ‘bf‘s(51°'§félﬁm bﬂ% F’éﬁ"@’ Yuel or
oi . For easmplss, ertglrrey, awqmdbnt anmmﬁmk/\nehmnasnmame, road eaibvbadt Hiesebtehginies.
conponent §,.1 n_t r_oil [ the 0 ith or thervm se
change byﬁ/l\}lerzfl ]Qbmfi mf%emps i be cf?fgnse do&r\?éndarlopr%‘a lchéSp%ulgg’t '}aglt’t “Fhdfr 6

However, sibrddatelveudes. nTlserllehztlchm@ oilsrcat bﬁ)dlstdhtctormﬂwelslsbra:amligxxlsdam as
propertle e her.et f 1 r [ &ac ion
products ?) be%%ﬁlégl l?lrp t%élgg(h%g%?f%s i {h'e 011? t?fg'efa gﬁls egte'?ageng?or rat i ons upon
di | uti on preperies. Syhtheticaltase cprBtus@rqan lh@(l) alfiastervef tisarboxylic stidmpolyglytdis s

i nvent i onaﬂds lc%lg M{]g&fgﬁﬁa bigfi Jsofngﬁglnnglg%\ﬁéﬁgg (ﬁgzlalﬂ 1I b%&ehés ﬁ{/f({rggnllcve as an

ant i oxi dant. expression al ni ng € range

of ', "in"estas ef phmf»nhhrw ecﬁ@r etn(@)apqlwlavpnd eilis tThe hese il tytienlly éam vieepsity ofiuct s of
th|S|nve i the at | east one of the
reaction Qﬁoh%%)?ag&gfl?c%%nypﬁsééaﬁﬁ%gutg% t?%(%(:“s {685(? prior to being

bl ended o O%i]x%iﬂlitwetqqmaw]tldns gdaptbdffge bseoin fhageg bﬂllld &wed compasitiohs ahthisot her
COMpONENt iyl iagfl o fasiinkd, aRlet BucRCicHAERT Sk ABbInd Aftfne!ifh, BIRUA bforh e
0 vary

reaction products hi s invention in n|s nt Wi
dependi ngbluplerding herepithos arvidiggpereinhan ﬁ@éﬁﬂmﬁ ylugtityt h%or@n@ raere phiikee r eact i on

product s @EctiohIpﬁodhay%mhasq;ave%bm HS &fim A1 aaélﬁved&%peﬁﬁod &R ifVentdl T OF mance

requi red. For_ exanple, in a turbine otl, levels of reacti on product(s)
of this ifNBHENEAL ﬁ%té’ﬁe v%ﬁeyccfmwmlch%ﬁhts igvegtion @g%tb%uwhlone ofitmgre pagfed on t he

total wei ghtived {be £ Hét@r@@f@s tdAFRir nﬁll@&' | dertdRWRWE Noorrbflor? MBIk em@hl . | evels
typically vary from about 2 to about 2 wt % based on the total wei ght of

t he engi n¥&agietors, Hibrigiy %@&mwrm@méiﬁ@rﬁﬁ@ﬁwwéne regians inpagversa pitiknedkm about

agents, anti-icing agents, etc. The substrate fuels can be derived from petroleum or can be
synthetic fuels, or they can be blends of both such types of materials. The amount of these
new compositions in an additive blend of this invention can vary from 5 wt% to 95 wt%,
based on the total weight of the additive blend, depending on the type and number of other
components in the blend.

[0022] Liquid fuel compositions of this invention are typically formed by b]ending an
antioxidant quantity of at least one of the reaction products of this invention with the fuel,

either as a single additive composition (i.e., containing no other type(s) of fuel additive) or as



0.3 to about 3 wt% based on the total weight of the | ow phosphorus engi ne
oil. In phosphorus-free engine oils levels nay be as high as about 4 or 5
wt % based on the total weight of the phosphorus-free engine oil. It wll
be understood that all wt.% are based on the total weight of the finished
oil containing all additives, etc. When used properly the reaction products
of this invention serve as antioxidant conpositions. Thus, this invention
al so provides novel inproved nmethods of reducing oxidation, reducing
viscosity increase and pol ynerization, reducing acid fornation and

retaini ng, Iu ricant basicit TAN reducm and. deposi t

f or mati on®™ Hﬁﬁfﬂﬁm? dPF@ﬁ“&‘ﬁaﬁZ§g°n?g%H§ gﬂﬁgﬁgémﬁﬁwfﬁﬁp and
phosphor uSgd’ﬂmr vithi glaltdso bneatitlerdigpo st lfuecedlmtml Texdddhide mgndeMtdtS@ﬂIhS life of
al | Iubrlcan ntioned abov and duc veh

mai nt enan Ven%?rg&é'&&ﬂ’ %(F‘taérhg’h atnﬁ%aégboé{t F‘?O g%{ W%G%’ESEF?‘% She 8 h| s
|nventloneamnmpkﬂuagoﬁmmon%mo&yhﬂmnheBangtNﬂ&b@Qﬁmymgkmhomhb&hﬁhﬁs been

bl ended t dant el t t hi

Pivent 1 oS 20 op L ¥ el 3 B o P kB B B s

i nvent i orediiva cordehtoae. of THenfimished niyelt bemmxitidast typivalht abitdih tan Grftloaldimﬂbl‘l cating
ol l, wher el 59 @1? %}gg ofd abotﬁ%Ob??o about@fng a\é\"gtg{;‘afe&? uﬂ?’ret%g’i%%%ngﬁg%“&ug? of

oxi dati on"at qfﬁ hprovi ng anount
t hi s i nvelllon abdunO 0wt vy lenfienoad thateraion ptodinitd aftthis miivertting, atlibased n

signific , . the sane oil except devoid of a
aﬂ?é 0 C'ill {N?Bﬂt o\f?\% fi n%ﬁedcﬁgmg%ﬁgsxttogo . .

reaction produ I'nventro 25] An exanple of an engi ne oi
conposi t i[8023p1t wiHiof counsedwtundmstos! tho roné>¢bnbiylg bheeordiarg of the edabtem pratuptonent s

t hat CoOMQfe 'tkﬁ?mvenlagttx thgg \iiag lelsstrzg ugl oQ gg't V\% &ﬁc&i@iﬂl hl%d CQWE G%en%on &%gﬁtent rate.

Concentrates typl ca ntaln ol l: spers
to 10.0 \MO%YHESI‘ m&tea @@ﬁbdheemme@pmwutm and & as Genwerntupart a;khttoym gwh|y

contain %@Jsrtrgtegﬁel\%xp/ Ol ll%?%(ar?t\}: er Q'te?zlckquu&n[ | GPRGSPOARE duePDP) -

to 1.5 wt% as pure conponent | ower ano s berng preferred);
' Vi scosi topmperghisiiethe é@l errpilopdionthay men ﬁqmm@mmh ar. 0@lemsel®aﬁgevbb'%las opur e

corrponentbefc;m,ﬁ%h@&wefiﬂ% e slsQRGERES &E ?S HobRbdr Ay e AL g&‘i’ub?g nft %

di l uent oi ditional anti oxi dan as one or nore a |t|ona opti onal
conponentPgsses, aptioxidant pOpeItios kpsause o ﬂ@dﬁé@ﬁ@ theregy olctba cen oY AIoE. re@bipent r at es

typi cal | SR8 ANhR SntudP e ?{%sqlbhumk s tr?nsﬁs@ﬂadohpra n aﬁatoh ¥&fe as one or

nor e opt|onal conponents use I n anobunts sufficlent provi de t e i nt ended
f unct i on SefstratR agiergnet Vapigyattersparseant fohis ipventioniiohatidgiersrdy rmedppn enent al

anti - V\’earsu@xqmuﬁbﬁl f§ %ffetﬁ% hs ah QRB-RRRN L onseBkly SMBletsi RO SIvh 3s “@FMInigfih €7 S,
denmul sifiers, ext pressure additives, corrosion iInhibitors, aC|d

scavengerth rapgstof T zféct Fiarediregice i least opgiefithq igatipg progusts of this invention

are to be understood as referring to the at least one of the reaction products of this invention
as it existed just prior to being blended or mixed with any liquid fuel or base oil and/or with
any other component.

[0024] It will also be understood that the amount of the reaction products of this invention in
a finished lubricant will vary depending upon the lubricant type, the identity of the one or
more reaction products of this invention being used, and the desired level of performance
required. For example, in a turbine oil, levels of the reaction product(s) of this invention
often vary from about 0.05 to about 1.0 wt%, based on the total weight of the finished turbine
oil. However, in an engine oil, levels typically vary from about 0.2 to about 2 wt% based on

the total weight of the engine oil. In low phosphorus engine oils, levels may vary from about



At | east one product of this invention: 0.1 -2.5 % wth the balance to
100 wt % conposed of one or nore base oils. It will be understood that al
wt. % are based on the total weight of the finished oil containing al
additives, etc. [0026] Also provided by this invention are novel
conpositions conprised of at | east one reaction product of this invention
conbined with: 1) at |east one conventional hindered phenolic anti oxi dant
2) at |east one conventional alkylated di phenyl am ne anti oxi dant 3) at

| east one or ganonol ybdenum conpound 4) at | east one alkylated di phenyl am ne

and at t one organonol ybdenum compound at |l east one horus-free
anti - vvear 82 to Abpuyt Zgrgv% dasefl o g detal g/glght of t)e low phosphorus engine oﬁp

phosphorus-free engine oils levels may be as high as about 4 or 5 wt%, based on the total
weight of the phosphorus-free engine oil. It will be understood that all wt.% are based on the
total weight of the finished oil containing all additives, etc. When used properly the reaction
products of this invention serve as antioxidant compositions. Thus, this invention also
provides novel improved methods of reducing oxidation, reducing viscosity increase and
polymerization, reducing acid formation and retaining lubricant basicity (TAN and TBN),
reducing varnish and deposit formation, reducing friction and wear, reducing dependence on
ZDDP and phosphorus for oxidation and deposit control, extending the usable life of all
lubricant mentioned above, and reducing oil changes and vehicle maintenance. In each of
such methods, a lubricant composition of this invention comprising an oil of lubricating
viscosity with which has been blended an antioxidant quantity of at least one novel product of
this invention is utilized as the lubricant. Still another method of this invention is a method
of improving the oxidation stability of a lubricating oil, wherein said method comprises
blending with a lubricating oil an oxidation stability improving amount of at least one
reaction product of this invention. In this way the oxidation stability of the oil is significantly
improved, as compared to the same oil except devoid of a reaction product of this invention.
[0025] An example of an engine oil composition of this invention is formed by blending
together components that comprise:

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

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

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

*Viscosity Modifier as an optional component: 1.0 to 15.0 wt% as pure component or
concentrate. Concentrates typically contain 5 to 50 wt% diluent oil;

*Additional antioxidant(s) as one or more additional optional components: 0.01 to 1.0 wt%

as pure component or concentrate. Concentrates typically contain 25 to 90 wt% diluent oil;
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6) at | east one nol ybdenum containing or boron-containing dispersant 7) at
| east one organoboron conpound 8) at |east one organoboron conpound and at
| east one conventional al kylated di phenylam ne 9) at |east one sul furized
antioxidant, EP (extreme pressure) additive or anti-wear additive 10) at

| east one conventional al kyl ated di phenyl am ne along wth at |east one (i)
sul furized antioxidant, (ii) EP additive, (iii) anti-wear additive, and
(iv) organoboron conmpound. 11) at |east one base oil or process oil. It

wi |l be understood, that it is within the scope of the present invention,
that the conpositions described in this paragraph can contain any one of
1)-11) or “A%GHiIoNH BN &F ongngr NG WBHONGh pENRsmEnty ey in amounts sufficient to

provide the intended function of the additive(s): one or more friction modifiers, supplemental
anti-wear additives, anti-foam agents, seal swell agents, emulsifiers, demulsifiers, extreme
pressure additives, corrosion inhibitors, acid scavengers, metal deactivators, and/or rust
inhibitors;

*At least one product of this invention: 0.1 — 2.5 wt%; with the balance to 100 wt% composed
of one or more base oils.

It will be understood that all wt.% are based on the total weight of the finished oil containing

all additives, etc.

[0026] Also provided by this invention are novel compositions comprised of at least one

reaction product of this invention combined with:

1 at least one conventional hindered phenolic antioxidant

2) at least one conventional alkylated diphenylamine antioxidant

3) at least one organomolybdenum compound

4) at least one alkylated diphenylamine and at least one organomolybdenum compound
5) at least one phosphorus-free anti-wear or extreme pressure additive

6) at Jeast one molybdenum-containing or boron-containing dispersant

7 at least one organoboron compound

8 at least one organoboron compound and at least one conventional alkylated
diphenylamine

9 at least one sulfurized antioxidant, EP (extreme pressure) additive or anti-wear
additive

10)  at least one conventional alkylated diphenylamine along with at least one (i)
sulfurized antioxidant, (ii) EP additive, (iii) anti-wear additive, and (iv) organoboron
compound.

11)  atleast one base oil or process oil.

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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Processes for Form ng the Products of the Invention [0027] The
macr onol ecul ar reaction products of the present invention can be fornmed by,
for exanple, using process technology conprising bringing together to form
a reaction m xture, conmponents conprising: (A) a sterically hindered

4- al koxynet hyl - 2, 6- di hydr ocar byl phenol, preferably a sterically hindered

4- al koxynet hyl- 2, 6-di al kyl phenol and nore preferably, a 4-al koxynet hyl-
2,6-di-tert-butyl phenol in which the al koxynmethyl group is ethoxymethyl or
met hoxynet hyl, and still nore

prefer abllymcz]é gggm%glj Bl 1Y Profuds SHind Bldnubiit Y! phenok or a sterically hindered
4- hydro yﬁﬁfﬁ hydrocar byl phenol, preferably a sterically hindered
4- hydr oxy[ﬁémyme ma@romp@mégrlr?m@@mmod@mf rﬂméesptrteﬁventw@loyn be fprmed by, for

hydr oxy r cyclic
Compound Ve 1 R Al RS i e R R e

nmonocycl | @rypr comptiee: nonocycl i ¢ conmpound is fully conjugated and has as
the sole he @%Qﬁh@ﬂ&%nd«sﬁdMhﬂ(o&%étﬁylcmﬂlﬁﬁﬁé(ﬁ%yfph% 589Y aGladicalne

nltrogen aton1 one Sul fur atom  or one oxygen atom (ii) one sulfur and one
nitrogen atombingered uaikoyymeshid-2ndialbylphsapl anddrqre arefady. i ¢-rkgremnenlt one
oxygen atom Qfé &lltért-autﬁmnm tif OQIBEh aho rmkoxpm&hﬁugfou{s at meynfb'ihyl we oxygen
atons, and ) | east” one of the cyclic groups %cycllc conpound

is fully con @lj’ﬁl"éﬂ“ﬁ% ﬁ%S.‘sSt‘é.lsm?’ﬁd”r‘éféllablyﬁéf‘@i‘%&‘%‘h{lsz)‘s ij‘ﬁt"'lit By phenoy

conj ugat ed rigg { RRFeAl ﬁlhaeréana H@h&&ﬁﬁ&ﬂylat@amymr@mhéﬂér flbRMbIOR One
oxygen atom (ii) one Sul nltro?en atom one sulfur and one

oxygen atom &erigH flﬁ’i“iefeég‘é’hydé?ﬁn}ﬁﬂ‘é{l oRyédnTRkeRah andr mere preferaRly Aitr ogen

atons, or t\/\oh§&g{yﬂ{eﬂ@t@mi-tegtbuwegamg@n atons; (C) an al kylation

catal yst, and (D) optionall an organj c  sol vent,
(B) at least one heterocyclic compound which is a monocyclic or polycyclic compound

(@)

wherein:

a) the monocyclic group of the monocyclic compound is fully conjugated and has as
the sole heteroatom(s) in the fully conjugated ring thereof (i) one nitrogen atom,
one sulfur atom, or one oxygen atom, (ii) one sulfur and one nitrogen atom, one
sulfur and one oxygen atom, or one nitrogen and one oxygen atom, or (iii) two
nitrogen atoms, two sulfur atoms, or two oxygen atoms, and

b) at least one of the cyclic groups of the polycyclic compound is fully conjugated
and has as the sole heteroatom(s) in the fully conjugated ring thereof (i) one
nitrogen atom, one sulfur atom, or one oxygen atom, (ii) one sulfur and one.
nitrogen atom, one sulfur and one oxygen atom, or one nitrogen and one oxygen
atom, or (iii) two nitrogen atoms, or two sulfur atoms, or two oxygen atoms;

(C)an alkylation catalyst, and
(D)optionally, an organic solvent,
such that said at least one heterocyclic compound is alkylated to form a reaction
product mixture between at least one component of (A) and at least one component of (B),
with co-formation of or at least one alcohol, ROH, where RO corresponds to the alkoxy
group or water. Various relative proportions of (A) and (B) can be used, whereby there is a

molar excess of (A) relative to (B). In preferred embodiments, (A) and (B) are used in a
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such that said at | east one heterocyclic conpound is alkylated to forma
reacti on product m xture between at | east one conponent of (A) and at |east
one conponent of (B), with co-formation of or at |east one al cohol, ROH,
where RO corresponds to the al koxy group or water. Various relative
proportions of (A) and (B) can be used, whereby there is a nolar excess of
(A) relative to (B). In preferred enbodinents, (A) and (B) are used in a
nolar ratio of (A) to (B) in the range of about 1:1 to about 10:1, nore
preferably 1:1 to about 7:1. Component (A) [0028]

Thesteri cal | yhi.nder ed4- al koxynmet hyl- 2, 6- di hydr ocar byl phenol or 4-
hydr oxy nmeP§1r50 gt @) m,@i soe B\ysimfye% lrt,lﬂu@égyuaéoé b gLt ! rdatce the
anti oxi dapt, products of this invention can be any of a relatively |arge

group of gog&oungg. The hydrocarbyl groups in the ortho positions relative
to the ¢ neat carrying the hydroxyl group can be any unival ent

hydr ocar bpmgrmep vwrhidally hehipdasd Sos-hikadymeingl-2,6 81l dradtibydphesdli t g i op in the

2- and 6-, positions. provjde eri.c hindrance to the hydroxyl . group.

Typi cal | y*}ﬁw’af@ﬁ%@d* ¥ ?Cé‘g’é’ pﬁ“ﬁ“"&r used cas, f JRACENG A H“HP %éheog‘?tl?g‘df)@si tions
[ f] requi rgedic @fcthisemeensitee lchic bBiand redinc Rlati Nggs grdupdfecompeidsarthgl gr oups
that can

be in the ortho positions are. al kyl, cl oal kyl., al kenyl
cycl oa ke*w%gargg&gf @Eﬁg@ i ?Oﬁwgéelﬁwta;%swﬁg%’é gﬂf;veﬁ&ﬁ ?gb ;;eiwli c
nol et es,gr E apAdniia; carltis oty @lte the pAf3o kHat thd Fd3ul@t tio
substituted. The gl kyl. and al keﬂe¥.l glrdougs (%agyge |.i near r;[or. bj ang%gd. The
i ndi vi dudf B¢ 'r‘b‘ile“"ésr%ﬁB%esis i fEdn 8 oYY rO®ar YRR 88tlai n i n
t he rangeofat lehitd @BBadibod 2tomalibta oathe psitiving B réduered B @hievugrrhiafancar bon
atons in the ort ositions bei in, the.range of. about.4 to.ahout 18
o bon acSREer BRI SR i crikb st SR RRLBRT 1 SRR one.
4- Al koxy madlitehyll glebraikksylicpclodikyddikd] aryleasitarayd inofhitthtke oycddib moptisy, tvhethg | s
substi t ut eg tg a te{ti ar al Q{A groyp are pr ferr(led. he_ .al koxg group can
be |inear™or" %roélll]% AEreth Ern A AT BT RS s lie T 4 SRR SRR S and
pr ef er abllinearpr banctioduthendividizd hydoanhy] giensfie the edhap@itiohecad cadhlcoxtyinet hy|
where ¢ ndtUERENE obPstbhd2 Bl iRl S BT PR Rl 66 0120 Y
occur anymbitions temgtihthe adrigy bf goutd k)eawut I§reathbpn atomes hudiprafgrably in He raigoha- car bon
at om of ry |, garouyp i r l. .0 C- , on nore
et o pliry onats oS ofleon RGBS ARR Ao BB b o " Mor e
can be arppsifiofrsbie sulfitubpdhych testiann alikhlegrabik yrie poafersddk eHyl aligmy Lgnoupsaag tbeas, f or
exanpl e, ll:ngﬁ ofrnglhc 43R ﬁ%oﬁtgin%f)%o &bou?’l&%arlfoﬁ%ﬁ?ﬁ%é?é{ﬁﬂ% I{Potgragéb?ﬁy[ 0029]

Non-limting exanples of suitable sterica red xynet hyl- 2, 6-
di hydr oc aeatbph pleswoPrsfemad hugdlee, 4-glkextyimsshy hisindeperl-pherdlsin iwdhénhrtiaqalk qxbi @rub |

2~ but oxy o hy - 36PN TR MR 00 sy et f gl o
t ert - but yikesylrgseupy Icpm eessr anyahgreciy |t glingt anypikepyl tgsqup, B@i{@ing@nitb%blphﬂoyl phenol ,
4- carbon atom of a secondary alkyl group such as isopropyl or sec-butyl, or on more remote
positions such as on the beta-position in 2-ethylhexyl. Also, there can be any number of
branches in the alkyl or alkenyl group, such as, for example, the four branches in a 1,1, 3,3-
tetramethylbutyl group.
[0029] Non-limiting examples of suitable sterically hindered 4-alkoxymethyl-2,6-
dihydrocarbylphenols include, 4-ethoxymethyl-2,6-diisopropylphenol, 4-methoxymethyl-2-
tert-butyl-6-methylphenol, 4-butoxymethyl-2,6-di-tert-butylphenol, 4-hexadecyloxymethyl-2-
tert-butyl-6-methylphenol, 4-decyloxymethyl-2-tert-butyl-6-isopropylphenol, 4-
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hexyl oxymet hy1- 2- cycl ohexyl- 6- et hyl phenol

4- met hoxynet hyl-2-tert-butyl - 6- phenyl phenol ,

4- propoxymnet hyl- 2- benzyl- 6-i sopropyl phenol

4- et hoxynet hyl- 2, 6-di -tert-butyl phenol, 4-

met hoxynet hyl -di -tert - butyl phenol ,

4- (2- et hyl hexyl oxynet hyl )-2, 6-di -tert-butyl phenol, and anal ogous hi ndered
phenol i ¢ conpounds. A preferred sub-group of sterically hindered 4-

al koxynmet hy1- 2, 6-di al kyl phenol s are those in which one of the ortho al kyl
groups is tert-butyl and the other is nethyl or, nore preferably,
tert-but yhexalnwmaﬂlwicyﬁolteh}al G@tthdhenelt Kyhethpxpopthiladsted-buyt-eiphanf/lpgenohr bon
atons. Pa r t

et hyl phe% g OSM{ le ?é%fezﬁlpcf E%b@ r@gﬁﬁ? h@éﬁ&%&{%}r?s bR iphdic®- 4

4- et hoxymhwmemyﬁdldm betylphanol | pRestyihexylgoBBThyNcE-Hirtait-butiigheneh gides  of
sui tabl e %tdﬁ%gadlﬁdzrenwﬂ%ﬁl@%@fmw OX RNl Popp et AR AT R ANENO! S

i ncl ude, r oxymet I sopr opyl phenol hydr oxyiret hy1- 2-

t ert - but yalkaymethiha, @ﬁve}lmlphemlshyedhww ¢yane »f Gwmthtt ékxlgmpw rﬂﬁtew@r

4- hydr Oxyiﬁﬁttﬂ‘yc}tﬁe% i ;%E&?(Lﬁr}’ﬁ':m‘é p@érgﬁfyﬁé}@ lI'and in whlch the alkoxymethyl roup
4- hydr oxynmet hyl-2-tert-b é) I sopropyl phenol, 4-h rox nmet h

cycl ohexyHs 6 etahypf Shearhon, atQmSnyB?rB%bet prgiprred !Seﬁ'tnﬁﬁlmimﬂﬂﬁ’ 'Bﬁ@'ﬁgll%‘rﬁsnol

4- hydr OXWHRHQM Henol2~ PRNZNE - e@(ellnﬁﬁxelr %M&d%émm (A) is 4-methoxymethyl-2,6-di-tert-

4- hydr oxymethy1- 2, 6-di -tert - butyl phenol, and anal ogous hi ndered phenolic
corrpoundstt)ﬂplﬁﬁ@ferred sub-group of sterically hindered 4-

hydr oxymﬁobéo}z\%nﬁmml@gl | &hpBEN SudbR tslfgm]y fhn\Méke@lh 4q;yarog§méthﬁ 20¢-t ho al kyl
groups is tertbut and the other is nethyl prefe X

tert - but yqlhydpé:pltby%mnam19clgﬁeeft~ényqlr@%yn}e§1yh2 6~ dnsopropylphenol 4—hydroxymet yi-2-
hydr oxy meg sy Re-hhl phsHo, 4= Ry tert- ity g0 B X ADRbAmEtbedi-nent ,  (A)
is 4- hydrox%tynet Fyl%) |-h?’g$5?§’ butymllp en% Lﬂyg gnen?&(% [}3031] In the
practi ce BfylHeet Ié’%‘ﬁt 4-hydrexmmespl-2: 'lffé’r%wf hegrol, £-BrdrsereBr-Z onpounds

such as tJ}@@ﬁex?ﬁ@-@ﬂhylpﬁéioﬂbﬁmrox?ﬂweltert(bB()yl 5-%hén‘yﬁalh§rﬁ>|l | yhpedgatetd-f rom

heterocycllc conpounds are non ¥ q ¥C|IC conpounds wherein
t he nmonocdbanzd- @Fwy&he‘%ﬂ] I éé&émwgﬂa zpﬁ%te&/@t? phegploygad ofa“fllﬁ%"“ﬁol yeyclic
conpound Higdefed! lpiendR)] &bﬂﬁ})bﬁ%(ﬂsﬁndAh@&fe%‘édt he-gele dietenany Omtdeed (4-) one

ni trogen atom o ne s or. one 0xy atom i) one sulfur and
one nit rcﬁéﬁ’x}é}?ﬁ{ﬁl 206n‘3algﬂPlFeﬁ?P éff’dt Bidn SPFG T g’?&}}ﬁo"g‘ﬁé‘lkgl F’?‘)B@e‘ﬁ ®Hd one
oxygen atwmi a0d tl(el dthar it WRtHY bf, ages pAfcdtly, tat-biitWo BaHiduldtly yirefeed @r4-t wWo

oxygen ato full onjpugated ring. Non-limtin exanpl es of such
comounadSe ey gyriror-E FREBRE, Ty e, SREP S (APRES oVR) i done,
pyrazi ne, hyshenaahyie,¢-diheropltgipBenol- benzot hi ophene, di benzot hi ophene,

di thiine, Cbenzoglﬁ hiine, indole, quinoline, acridine, carbazole, oxazole,
i soxazol , and isothiazole, furan, 2-benzofuran, 1,4-dioxin,

benzodi oX0oB1] th the praptieond the p@erat dnvdamnﬁ,c(Bl)ncaﬂbe ddtyeofra mgﬂ)eoﬁf @umhumsrrpounds

can be substituted b e el ect,ran,rel aS| rou SUC
hydr oxy, H“é} Eappose dﬁ%?ﬁ?ﬁcf‘g"av Ow%ﬁo@p RS sel ? foﬂng?f‘letergcydlnd/ or
hydr ocar bypgundsipsicp amvﬁaﬂe@ctmatpoazbydhea@npomnﬁ wlemnatheaioh@:yelu:tgrmtoed

2 ﬁg;? Ig»? Et Zgﬁ%gp Oﬁﬁgﬁﬁ Cgiroug g%gﬂgf)%chc corr&écguplg ﬁ}ﬂg?ng ﬁa%d fll%(y £l as

2- et hy| pthe sotH reroamds)diinet myjttogyrr dtati,roe pnesuBur adomyetr yd ngqme (i1) one

2- ethylpyr im daz oefr 3°

di net hyl 'lf%r angﬁﬁe rlqﬁef’a# TPk gflturedl d%ngg)gyr@“{llt&tg@ﬁne r%{ te'g)é’i?c ch"c?fgrpounds of
t he typesﬂmmﬂnmnedwbmna@gv@mnﬁaﬁaﬁpshmnsmwmspr@wes&&sna@8¥1cam:b@yselected
from (B i c,

i oyl 1 o pipuERRt MRRThELGKGL B SRIPAMRG SIS RIBIRRIELT. of (he
monocycl myrazdﬁrpq:mdm@,r ;a/trlml@a@t pmaen@f pbh@zmyc|throp@muﬂsbeoiotmlmwech,cycl ic,
tricyclic or tetracyclic conmpound is fully conjugated and has as the sole
het eroaton(s) in the fully conjugated ring thereof (i) one nitrogen atom
one sul fur atom or one oxygen atomi4(ii) one sul fur and one nitrogen atom
one sul fur and one oxygen atom or one nitrogen and one oxygen atom or
(iii1) two nitrogen atons, two sul fur atons, or two oxygen atons, wherein
each of (Bl) (a) has at |east one repl aceabl e hydrogen atomon a ring
thereof, (b) is substituted by one or nore branched chain al kyl groups each
having in the range of 3 to about 24 carbon atons and preferably, in the
range of 4 to about 12 carbon atons, and (c) optionally, has one or nore
addi ti onal al kyl side chains each having in the range of 1 to about 3

car bon at ons.



[0033] In sonme enbodi nents (B) can be selected from (B2) at |east one

het erocycl i ¢ conpound which is a nonocyclic, dicyclic, tricyclic or
tetracyclic conmpound wherein the cyclic group of the nonocyclic conpound or
at | east one of the cyclic groups of the dicyclic, tricyclic or tetracyclic
conmpound is fully conjugated and has as the sole heteroaton(s) in the fully
conjugated ring thereof (i) one nitrogen atom one sulfur atom or one
oxygen atom (ii) one sulfur and one nitrogen atom one sulfur and one
oxygen atom or one nitrogen and one oxygen atom or (iii) two nitrogen
atons, twgy sul fur atons, or twg oxygen atons; wherein (B2) has (a) at
| east onedibprthiophcns. ed‘ﬂi‘yﬂf‘p &t‘j@%’d’é}%"é% BAcly ‘il‘i“i’fém% hstidigs,, caah?aolz b9Xa&P%i onal | v,

one or Mogk&aaIKY lthiSloRe sﬁaal BhigARN el NBbiokf, T BBARKA] ferbSiidigar bon
at ons. CDnEonent (O [0034] In the grocesses descrlbed hereln an

al kyl at i ofibeaaedignjrs and dibspeefiran o Tht s &SI SOPRAAES R bh SONEWAT Pgietid (B),

thus the peaelbwdh x’eﬁasv@egiodpé\)suom@ h&cﬁ)xy MeROFBLAIERS, dnfide ﬁfoﬁ@hnﬁy%naﬁo an
al kyl ati on reaction hereln. The al (%on reacti on catal yst used her ei n

can be sehakxlaping, #idoniydrady a&r?uaﬁ PFPé(t fl et af hsminonereppsAE @cvaksdr eact i on
of (A) angdfBin atbil r&R4TEs @mneellhgenbmm(tﬁ)g ek&n;ﬂés&ff%ﬁ@béu&!stﬁﬂecﬁ&inﬁioﬁncﬁat al yst

such as sulfuric aC|d n sulfo cid, nic acid, or an
aryl al kyh g% fometay BT %ﬁwlm‘/ﬁ?fl Pf’gm %rd&e o%a ﬁi/nrfél}y Rytifingh)2 2’-

al _qu/I at : Qﬂm@tﬁﬁl@ﬂ'rﬁiﬁﬁé_zdélﬁidpﬂﬂmef @rmiaxﬁﬁmhaaoleﬂmhaaﬁfuwn; Q-agjlfdranypB-obr omi ¢
acid, alumn chl ori de al u um chl.orid

o ot ol TR i S lar B teto C o P oM B Rplinds of e S Bf3Tead,

ant i nony tbebgBl ori de, stannic chloride, boron trifluoride, acidic zeolites,

acidic cl and pol ymeri ¢ sul fopic acids such as those sold under the
name Anbeﬁ@% {f( erjne PESHYS B tcaxt Eacted g’om.

(B1) at least one heterocyclic compound which is a monocyclic, dicyclic, tricyclic or
tetracyclic compound wherein the cyclic group of the monocyclic compound or at
least one of the cyclic groups of the dicyclic, tricyclic or tetracyclic compound is fully
conjugated and has as the sole heteroatom(s) in the fully conjugated ring thereof (i)
one nitrogen atom, one sulfur atom, or one oxygen atom, (ii) one sulfur and one
nitrogen atom, one sulfur and one oxygen atom, or one nitrogen and one oxygen
atom, or (iii) two nitrogen atoms, two sulfur atoms, or two oxygen atoms, wherein
each of (B1) (a) has at least one replaceable hydrogen atom on a ring thereof , (b) is
substituted by one or more branched chain alkyl groups each having in the range of 3
to about 24 carbon atoms and preferably, in the range of 4 to about 12 carbon atoms,
and (c) optionally, has one or more additional alkyl side chains each having in the
range of 1 to about 3 carbon atoms.

[0033] In some embodiments (B) can be selected from:

(B2) at least one heterocyclic compound which is a monocyclic, dicyclic, tricyclic or
tetracyclic compound wherein the cyclic group of the monocyclic compound or at
least one of the cyclic groups of the dicyclic, tricyclic or tetracyclic compound is fully
conjugated and has as the sole heteroatom(s) in the fully conjugated ring thereof (i)

one nitrogen atom, one sulfur atom, or one oxygen atom, (ii) one sulfur and one



[ 0035] The processes of the present invention are carried out in a liquid
reaction nediumthat can result fromone of the reactants being a liquid
under the conditions of the al kylation reaction, or which can result from
use of an inert organic solvent. Non-limting exanples of organic solvents
whi ch can be used include, for exanple, acetic acid, propionic acid, one or
nore hexane isoners, one or nore heptane isoners, one or nbre octane

i soners, one or nore decanes, mxtures of one or nore of the al kane

sol vents such as the foregoing, cycl ohexane, nethyl cycl ohexane, nethyl ene
di chl oride, nethylene dibro br onochl or omet hane, 1, 2- _di chl or oet hane,

1, 2- di br onoet I‘?&Wée“ &AMo PRSY i a%P‘EFr BB, EAR; OhPg Biraeengnd fHe B¥EHor e
chlorinated an@hQbr @ [)@mﬁh&b@iaam{symtsalfﬁuedmsa@rtwexyfgemagﬁkng, and one or a

m xture of al kanol s s neth eth al cohol 0

D) bohol, “n- pr OSBRSS SHoBh e R MO B s T Clor: 27 Bt

al cohol , optigidiy] dne¥ymo@latkohide, chigé dakh Bdvaxahipthe raugél oL fd@rcatbofibioghsor | ow

mel ti ng honol ogo al kanol s, and one or nore ethers like dialkyl ethers,
tetrahydﬁ%ﬁﬂpéa%ﬂgkoxane or m xtures thereof In sone enbodi nents, the

sol vent i[80%] Iyt poedsiee nles@ibsde hérein) Bn plkelador eslalgsrbiodisederd gromofd) thes used i n

the practic Se i nvent i Proc itions The

br ocmseostiEeb Pt RLFRTED. 418 Ekstith bevaip huddPS insh B msnserarp es i n t he
range of d&noaksahted refich haeciab@hé alk@onaeactiorgdaealyst hded sermin cemb@shldmdt s, the
processes. of the sent .i nvent i Qn are ¢ nducted at

Denpor at RS *p 3 Rty Ao dhe ign o @ g 4By 18 gBsue 1600,
ortﬂigheﬁmt%&mwhmMﬁmkqnahhﬂyemﬁmhmufﬂgﬁsmmwemgﬂmkham meﬂﬁmum?n¢&mpergtuies
within thes es_are nore e far uci n ction, products
of the prd il SEGE AR SR TG Bk pAReR A, DBROGMENZ B HEREH 3TR8. ot o
that at hilgieion teetaiyes atclndesfor exampla hgdelorichavid, 20@obomée puid)cdssiesn of  t Eed
present ent i roc 0 [ reache
i shor t SRR S0P THlefel ARedbBREmRar PR, it Mol 22end
2, 6-di -t exirfe- clblsurlyld: -anﬁmtyhoodywetehgtaqnhexhb)lrld¢,§>owsemﬂm1d( AyidictZeelitess agdic on tends

to initi Y. ®23C) until about
one equi 3%’]9%&?& g@“%%kc Sﬂlrf%ﬁ)dd& (%éesgcih 3%9}%% Wﬁ rﬁ%)%gn%t “ﬂ%ﬂﬁ%nol has been
consuned.ContpenaafBler, the reaction tends to proceed nore slowy and
conseque ! i tional
conseauen ) HhHiGRkr BERk R PRE oL, SRR R BRHEL, L 1 o7l
this reacei msulprfmmeer@sofnhﬁ eeagtaps Béige aniduid pdercthorporsitionn Oﬁém Yevlatieached in
shorter perhgds: ohich hﬁqeguﬁt%mseymmk niD Qi enf INGEAGHAR ke SarfA/ 0"

sol vents the reaction may be con ucte er pressure, or the reaction may
be conduerssdicisalveme whick sarkecused ingluge §ori @sgnnlmeens?éndg propiopiggeidcens@s, t he
reaction &Sl Se ikdindd, by cﬁtnﬁd?phéb&n@%oﬁ&rs'dﬁ@%ﬁqore%lcﬁﬁ:é 15&5'8r§ oo hég}@- | n sone
cases, al kylation may occur on nitrogen atom [0038] In the practice of

t he presdftangs PErEEHf, one nempwérﬁlﬂeoafllsﬁnﬁéqlwn Helvas thy DesgpBeecloharndy varyi ng

the rel aty 8 19RbAafd ey Rhe (ot (rﬁihylegaalb%ﬁdao R BN RelHAMS 1,2-
macr onol ecul’ar reaction products déscri bed below, that find use as

ant i oxi daiphlprocfhang oln%dlénm@aﬁhﬁentc@or%f%yﬂ shlgropgyzensy @nigiiss of 1pna 9FINUF ratio of

(B) to (/éhlohﬁlatém%m%&mﬁt@@l@@w&mls&eht@, BOqstE dgolnglqnd Riefoerakixurt brt he range
of fromabout 1:1 to ab me enbodi nents, the nolar ratio of (B)

to (A inlkerds pishge ”thyhﬁﬁﬁilpl fthsl %leohab&%romylﬂ!fohﬁr BPEPbIGONP L, nebyly! range of

from abmdtcoﬂoﬁ’se%@;u@b@?é&hoi idobutyD 2RI, EX-ERANSYPAEUHBERES alchid ] MRk akhef at | 0 Of
(B) to (A) can be any about
liquid or low melfing homologous alkanols, and one or more ethers like dialkyl ethers,

tetrahydrofuran, dioxane or mixtures thereof. In some embodiments, the solvent is a
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1:1,. about 1:2, about 1:2.5, about 1:3, about 1:3.5, about 1:4, about

1: 4.5, about 1:5, about 1:5.5, about 1:6, about 1:6.5, or about 1:7.

[ 0039] The above description is directed to several enbodinents of the
present invention. Those skilled in the art will recognize that other
means, which are equally effective, could be devised for carrying out the
spirit of this invention. It should also be noted that preferred

enbodi ments of the present invention contenplate that all ranges di scussed
herei n include ranges fronlany | ower anount to any hi gher anmount. [0040]

The fol |l om n illustrate ent, | i are not
meant to BEREFRL PR ol g e Haroo bt DR o508 1nq PR 4B e slbonr
ef f ecti veinessioof the products in the foll ow ng exanpl es was analyzed by use
of a stangardi OI%tomdatlon test procedure (ASTM D 6186) in which a
Iubrlcatlﬂﬁ~ﬁr¢—tﬁn9a ining a specified amount of an additive is subjected
t 0 oxi dat [j0036] iThe prdveatsedbspited dereer arespstuand av essed marte tempaatyyes at thee of | 60C
charged with en i bd The
| onger t HRNge < 84% %)ﬁt%?lgerréetoa%oql)nl 6& ? & hzghgly aIl%x g(gs;géd érgéo %&ts he?)pogesg?gsﬁg or
st abl e t hibe prERgnb Fivtrition areEGARRLE at oneT i r@ﬁH@dﬁoemmeszabove 40°C preferably in
6- D1- TERT Y R 1 necked
Found- bot PRy 74 il T ED MRbt Neory s e AR, hrpd] ReelaCpleein
stirrer, restperteahperaurpy pithin thesd @ngeorrden®er suiffhlie ofoheradugiag thentshctiog. 4g) was
dissolve i ehl . | i 0% was
di ssal vedy, g@&ﬂtog& BHQUELARAE, £ athellttk iRBroR bt Habe Bbdodlerbniar Aind?
2, 6-di-t etpmpfmltnw, i4- geattosyrd 01y |thshpmesisses Of thenmbsenBvegion mrogeedhnee onet hane
(50 nL) d

lg ﬂﬁdth@st c r{\‘gpq 85 démqfeaxte hed prghdn@r Eﬁ’cldg OE r{ﬁrgeefﬁgﬁ‘tp%vmﬁﬁl

exot herm c reaction e e ad t|o of t I rst equival ent of

2, 6- di -t eqonteimplaied- EbrW@ﬂmbkyﬁgtﬁﬁmpﬁéﬁmhﬂ4ﬁmmmﬂYm§@ﬁBmﬁ@dSMﬁ@ﬁ$ﬁhb addi ti on
conti nue t r 3 hrs.
R Anal s S o B b R e e
phase wasonsepaieat] Qafnéhet Reb-Grigjerhyty! %mafbexymgﬂyma@wédh% beenngerspmed o )

di lute sofjcrahdly HeOxhditn tGdPb FiRecd\RLR' siéw) effﬂh)oonﬁaﬁjengﬁ 1288l N4 hedfBONEST UM

sul fate. Evaporation of solvent under reduced pressure afforded a viscose
oi | whi crenemgy ingedsi dbe arriied raidiog addlitipnsd priplvpperplexife, Hﬁwe%@t kgt Anal ysi s

showed mMpQsSaBiet, it Wrsey iaemerC, (Hidfotiofl brosstd§ hbkcth Ry 2B @ MRS cdrfddfon
trl-substltuted i'somer (19%, tetra-substituted
can be reached in shorter periods of time.

[0037] With lower boiling reactants and/or solvents the reaction may be conducted under
pressure, or the reaction may be conducted in the presence of a cooling condenser. In most
cases, the reaction results in alkylation on an activated, electron rich ring. In some cases,
alkylation may occur on a nitrogen atom.

[0038] In the practice of the present invention, the inventors hereof have discovered that by
varying the relative molar ratio of (A) to (B), one can produce various macromolecular
reaction products, as described below, that find use as antioxidants. In some embodiments,
(A) and (B) are used in a molar ratio of (B) to (A) in the range of about 1:1 to about 1:10,
preferably in the range of from about 1:1 to about 1:7, in some embodiments, the molar ratio
of (B) to (A) in the range of about 1:3 to about 1:10, preferably in the range of from about 1:3

to about 1:7. In preferred embodiments, the molar ratio of (B) to (A) can be any of about
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i soner (329, and penta-substituted isomer (11% . In addition 6% of

nmet hyl ene- bri dged products and other oligoneric materials were identified

in the product. Oxidation Inhibition Tinme neasured by PDSC @ 160C was 72

m nutes at 0.25 wt %4 115 mi nutes at 0.50%w% and 174 mnutes at 0.75 wm %
| oadi ng. EXAVMPLE 2: THI OPHENE AND Z 6- m TERT- BUTYL- 4- METHOXYMETHYLPHENOL
(1:2 RATIO : [0043] A three-necked round-bottoned flask was equi pped with
an addition funnel, magnetic stirrer, tenperature probe, and a condenser.
Thi ophene (0.1 nol, 8.4g) was dissolved in dichloronmenthane (20 n) and

sul furic agi %0(1131 %bﬁ?&t ﬁ?%ab}s\@@l ﬁqgﬁﬂ 1%t5 5&91@11146%%{ 849! Sout’y :500pllil on of
2,6-di-tert- 4- hoXymet hyl phenol (0.2 g) in dichloronethane
(60 m) whs Sashduldl: @ltabfruéé)ﬁl% arpbertdi’ure and in srrall mcremants An

exot her m f[Od?agPﬁﬁs'a@@vee&é}EHmSinﬂgte& bescodig édx&'am‘igntstmhé( brE@Bt Rokiyal ent of
2,6-di-te 4- et hoxynet hyl phenol, but it subsided when the addition
conti nuedThGFhéklﬁ%‘aéﬁhC@ﬁ Wil xecqenizathes odher mpaas VHCh ApeAve bHRSEF e LSIdRST 3 hrs.

NVR Anal ygiyses Ravady G000 L §piriP bV GlsShRRAusH. 1t SuRtadot dc\bicdBhL prdldiod The aci d
phase was separated and the organi c phase was washed with water (20 niL),

di | ute so@mbndimsaE & iheiaresest ppentiop confeiprzte (g alhrangesydispussed EHCIB\)%CTIU%QHESI um

sul fate. gggdg(ﬁrog;dn?qbv@;algglnyg)rhtnygfgg@ramb@rguced pressure afforded a viscose
oil which solidified on standin roomte erature. The solid did not

have a cl @8?‘0]@Ptfﬁﬂwl‘}fo?xﬁmplﬁﬁmllg’é@%% thy pregenhinvergien. upEnNAsAIsoDes howed
NDNO- SUbS{ih b §fhnk $RARE. (5%, di-substituted isoner (8%, tri-substituted
i somer (13%, tetra-substituted isonmer (409, penta-substituted isoner

(20% . In addition 12% of net hyl enEX#¥RLESed products and ot her ol i goneric

mat er i aljsnggéqumfg%hc@febﬁeﬁgg@ofﬁﬁfﬁﬂ&kts e G Iwar éx@r?%lbﬂ \'ﬂ/éschltﬂalﬁeﬂ? 0. 50%

measur e was m nutes a m nut es 0
W% and BBGCR SR g a0y P@&%“WQ(AS%MH VGl EPUERETRRE)

2, 6- Dl - TERhtai#hiflpYd-sygbcibEd HXInVed &Y &dﬁhﬁN@-su@}e&ecﬂtd:’&Tda@n 1[{ DAY plRarsanme

procedure as exanp|e | was used B ‘(%at hfej ghene/& - di -tert b%tyl 4-

net hoxyrre’teﬁWfﬁhvéFFGl Bt [EPERYTS Ob 2 YR B Iy &YEen A ?Slai“dmﬁ‘f’ ‘E'El‘@fe np 71C,

was i sol apregdureldPE60 Anal mu@lgsmmudmm €ms YORY ibtfoteerbressaengiop 03, the
di - substituted sorrer , trisubstituted isomer (20%, tetra-substituted

i soner (599 SaB r’i‘ieafoglﬂ tE“tut ed isomer (11%. In addition 4% of

met hyl ene iamg@adTmmt@maw@mtheavmu-gmmﬂmmnm_mmak]s] wer®: i dentified

in the pr O(ldtlon hi bi ti Ti ne .neas 160 was 72

ni nut es a@glgﬁfs iﬁo “ﬂ]%ﬂ‘a‘%“éeg f@%]( BSOYPR % I{haaﬁ&g{lggi“[)%"}? e e 0.75 wt %
| oadi ng. stEXANBh]ErﬁureWbQDHEI\EcMBlSBr 6 TRRbphEERTD. BhJHBYLS@ MeT [N TinYL PHENCL
(1:3 RATI Q). 45 Tesa roce a xept a

t hi ophene‘)cl)é’,l%rp%‘Fm?aé’%l(z IRhE: Afu}? Ctaﬁggé/ ?%yq%&}ﬁ%% d%dmg%?rgt%em era?

used. A S/alsbh‘ltxmr ofin64j-tenpul3E;matiaxymsintipitced. (0HRLE, Aﬁg] ylsdxdllghmvthdie_

mono- subs t)teceiatslaég uaésé B%egngarat&ggerl}l %é%]%c%?no Q)tiher]inrnlt ?egpfow tuted

i somer (1 pent a- su rtu I 'somer
(289 . | T tdmmg13%ofadnenohylcénethbr i fifsfe deqprivadint t $>farid$ -gtierebutplt4-goneri c

material s rel in th t
reasur od BTl Ebth sl St RBE YR, o 6h EB8H G0 ' I b ERALED o,
wt % and \3{8;7st1rrbchmrmn amp&aﬁl& fat Y. oBBIRNmalysis showed complete conversion of the

starting materials. The acid phase was separated and the organic phase was washed with

water (20 mL), dilute sodium hydroxide to pH 7-8, water (20 mL), and dried over magnesium
sulfate. Evaporation of solvent under reduced pressure afforded a viscose oil which solidified
on standing at room temperature, mp 54°C. HPLC Analysis showed mono-substituted

isomer (13%), di-substituted isomer (18%), tri-substituted isomer (19%), tetra-substituted
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EXAMPLE 5: THI OPHENE AND 2, 6- DI - TERT- BUTYL- 4- METHOXYMETHYLPHENCL (1:2
RATIO | N TOLUENE: [0046] A three-necked round-bottoned flask was equi pped
with an addition funnel, magnetic stirrer, tenperature probe, and a
condenser. Thi ophene (0.1 nol, 8.4 g) was dissolved in toluene (40 nL) and
sulfuric acid (6 nL of 80% was added at roomtenperature. A solution of
2,6-di-tert-butyl - 4-nmet hoxynet hyl phenol (0.2 nol, 50 g) in toluene (170 nlL)
was added at 50C over 45 minutes. The reaction m xture was heated to 110C
and was refluxed for 3 hrs. NWR anal ysis showed conpl ete conversion of the

starting mater e _was ar [ ase was
washed wi tPf“%!}a?Z‘l@ (%‘g 3‘?‘%5&3?{%%? e‘sosr%eﬂl(?leo §§r§§$1 gt%’ ot} %/ﬂ%g b%dg (30
m.), and pkothets adethermaijgoestic magtihlf stee. iddatifipbingheé pmdlwt @mdaMemtnhlhﬁdmr reduced

Cemper ot e RS C= ARk PPST O ter By St Pog 5 JLRaP g3 5 07

di - subst i wish.eed i MomRte RV, witd lbadilzst i t ut ed i somer (25%, tetra-substituted

i soner (99 ent a-substitu I n addl
net hyl ene ? WM’D?&SWJFWU%% /21&9 84%02?1 }g@(@ i denti fied
in the prpJdItA th@etrdateumnﬂmhutdmddlmsk Wasréﬁuxpﬁﬂsufh&d abgiti ROBahe@dfE0Cicwas 84

m nutes at. 0.25 wt 98« 1 mnutes at O O%Wt mnutes at 0.75 wt %
| oadi ng. ERA] E@%“‘“‘%’ﬁ%ﬁn Bl Ao “’PFEﬁer iLj éﬁ%@?ﬁ&%ﬁ/ﬁﬁf’a HYL PHENOL
(1: 3 RATI @}hldbdimdBhAdeNED mLDM?s}xlﬁAwtahrde(éarrle@ﬂ@%) Was a@heb«at foomdehfelaigk. Was

equi pped an tlc o7 I &F obe, and
a condens rsonﬁ’?ﬁ 8@%5%{6&3’ &HQ I?emogy% pheno‘ @l ssgll ¢ W@%&ﬁérﬁéﬁ%g 40 ni)
and sul f u@baenlgova a@&edrm rofm &fﬂ%rammcsarmddeulxaﬁmncrmmst e\rmapﬂnemle reagticmol ut i on
of 26d|-tert met y h I |, 7 ) lene (230
m.) was adt 5%3 ?un Célgverdgglﬁé hofhr hQTﬁfg&r &g‘t‘%é?ngpm%f(t ";2',(93: twbﬁtgia ed to

110C and methoxyefethyipbehol,dut 8 shbsdedNMRnMdﬁslos cgiometl Tlenphative nognseer si on of
the start r a .C phase
was mshe\hg&nﬁ?&ﬁ %O% tef@%%m Cflo dIIPU & sodl 1&%@&5\%{ OXI {eggtcgmﬁ%yggm wat er (30
m), and dartiegimewesals.nignesi phass u¥ak a@wratﬂmpdhea@nomc phasg mav@mhedl wdér reduced
pressur & ahdaoART. il SERRE nPrbxidfto 811 SO oS %dsdtn@megglag&smﬁxom

t enper at ySI'S s no- subst r'tut €d 1 soner
di - subst i tulfkiledEvaporation Qf’ﬂ%m utldell‘ sadbesdiptagsueciaffosdedharviscasg ol whichselidifiadbst i t ut ed

i sonmer ( 1(%b/9tanéiﬂlggbtt o %ﬁ%p!erta{'htrc?q“hle %ame&? 08Aave biaddkiihg ?m;kﬁ%t%came

met hyl ene- produc and other oligonmeric nmaterials were identified
in the priddet 70°EXN\HDEEX1WystHhdeN@oAmuQJted isomer (5%), di-substituted isomer

6- DI - TERT B T f
2. o i - e EOu A BT, N R ey E R Rk BB L
added to @0%).| hlraédltlml X2% roé methyknd-pridged produsittand @HBT ﬂ*ﬂgom‘%ﬂ@@%eﬂdﬁwetem ophene
(10 m) atder{tx e El egd%m%datq}\elnfn%ﬁ%hlﬁlge %%sﬂ;%{d%ty‘”%é @ rlg(faé vids_dgoom

t e conve

terrperature overni SI's showed co rsion of the
starti ng wiiies atd 25 mm@aw dnrpxltmseo §@36 e rnd é6P lamdtethté)lﬁrm&rdommtl on

et et € oE R FhOMAR b0 DAY SRR AANE AR AR ety (0BT mifiRDE] W

water (1 over’ ‘nagnesi um su vent vvas rerfoved under
aspi r at or [0p44d Shasend pﬂob@kneohstp}ardplstllstamdmxm)t feﬂn@bgﬂdﬂﬁ -dighrehetylt- 1- 2 g

o 200 FRoRHI e AL Bl ARSI i vl B nal st
addi tion BBJh(C)fAmrB:&isysihe!wenL lnfondgtﬁndtxqoteddsmrtes (&l ditshstituoddi gomrer (48o)mit-eri al s
were idenf) 'bstltu gd fsgmé[rrzfo% I; %gg-%lgbstituted isomer (59%), penta-substituted isomer (11%). In

addition 4% of methylene-bridged products and other oligomeric materials were identified in

the product. Oxidation Inhibition Time measured by PDSC @ 160°C was 72 minutes at 0.25

wt%%, 124 minutes at 0.50% wt%, and 187 minutes at 0.75 wt% loading.
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Exanpl e 8: TH OPHENE AND 2, 6-DI - TERT-BUTYL-4- METHOXYMETHYLPHENOL ( NO
SCLVENT W TH AMBERLYST(r) CATALYST): [0049] To a solution of
2,6-di-tert-butyl - 4-net hoxynet hyl phenol (15 g) in thiophene (50 nL) was
added Anmberlyst(r) 35 and the resulting m xture was refluxed for 23 hrs.
NMR Anal ysi s showed conpl ete conversion of the starting material. After
cooling to roomtenperature, the reaction mxture was filtered and the
filtrate was concentrated as descried in exanple 7. HPLC anal ysis of the
resulting oil showed nono-substituted product (70%, di-substituted product

(2199, : fgé tl\!illgiE%l‘Jl P}%F%z% 90 P %89 ) }{] (]}141() 4—MJEYL}IO§MT}1}L?QEA%[ I(JO § RATIO&

nmet hyl e oneric nmateéerials” were identified
in the pr[O64fq The @Mndabcadnre alsrmhartmnlenawm'lasﬂb exnepisalthgghhéng/ 28 Er@EEOE was 87

m nutes at .25 9 19 ni nutes, at 0. 509 9 nd 157, mnutes at 0.75 wm %
"ondi me sRemietbEhoraRie B & Bls ReleXsthdbod et SO SleblnoL C1 s
RATI O) : I[IEI&SOﬁlnaB(sits hhe\eemﬁmk@dzblsmumd ihlmtetrqm%)j dilsalskiturasisener pOdtisi t h an
addition f tinrer robe nd a ser

SoTut | on PR s 0TRE VR blhced TR pERE R B CRRE RS A
a sol uti caddivibn 23%- (ﬂilmet}@tehe-bndged-pd)dutt&htlitb@(tk&f@ﬂ@@lﬁ@hemd:na@ﬂw&e idehtified5 g) in

Lerper at U dotrer B AR TR s FaLio P R TRF i whREL i 1 eal

at room tEIDerstcUne nfivedsnt @isﬂ%amzi, arﬂfllswmdxtefs@troﬁthloaw anal ysi s showed
conpl ete convers of the st ng. . nmat erl al . The epar at ed
and the JEUEEE S Bl B RO G e P e A PLEEE 880

hydr oxi derotmEA{sz 7-8, water (30 nL), and dried over rragne5| um sul f at e.
Evaporatl

und ed ressur cose Qi | which
soiai 1 iR A bR Tt el R e MR e 2
NoONO- Substitren) tedtheratderpiobé, 394 aatvddeaisers Ubhédphéngt(6d moipmtrg) (v@as%ssoliza@l iaddi ti on
about 80%of e- I’ld .0 ts._and .ot her o rle terials were
i dentified ue“eqﬁg’xkﬁ“ﬁ ete %egd(éﬁ}l’l %J;’lk%l/ih SRR roﬁml SR8 d4S PV Bpse @
160C was db2,.6mdinert-egylatm@h@ymethy8ther®d (0l molt Bg)ad tobiebOCy (vrdh wamﬂdé’cﬂatm nut es
at 0.75 Eyloa n E.10: .FURAN AN
o 6 D1~ TR BT 90 T ARSI PRENCE MRS L CERR 201 BOEEP 9N ee- necked
r ound bOtNMRmﬂxalfyhlaS%me:oﬁqldterxpﬁvbrmﬁ bf tha s&ddigtmajdfrlaﬂ urhelagid rphgsaetdsc
stirrer, and B nden
o b a1 P - o e e SR RS o CrER ik SRR b9 Gas added
to a sti rplhﬁ-Snmteu(@ ok), fand dimed( &@r lfl’la)gncamdl mltbtphleapprammcbf(SE vent umﬂer80% in
15 m nutes, The react.o mxture ti m Jor hrs.
Then 1t VB PeSRRd AR Dot SR it 1054, 3L LR HIORF i et 00
concent r HEd Andlegsis sfemﬂdembnp{se@s!um@ isdrhee (@1%)y di-adstituted \Amed(wm tred in

h |t ti j o 30 nL
it e s S aim 3 o] BRI Kot 09 BB EBAER bR 60 Tedi um
sul fate. aEdnapoﬂ@%lot‘) methfyles@bm@nd produess an@@hmedgqmeeissw@ia&fvvm tedtifiedvi scose

| which | i di h d
oi - ﬁf d;iroc’ ct. %gildglp lon ltnﬂ{t}qloggfngg n{egs%rr%i bg/rﬁ%%,a@"[ C)(I cf‘at I Ongw]lltg SAtS showe

nono- subst I'bition
Ti me neadiSed sy, IB’Dﬁﬁhu@lﬁD@WA%dﬁmaw&Es at0.7. 2% lnbdig. 63 mi nutes at

0.50% wt %QXA%QE %9 IW}J}%E}&SAA% 2%—131 ek E/ﬁT;/LOQ%%XYMETHYLPHENOL (1:3 RATIO) IN

TOLUENE:

[0047] A three-necked round-bottomed flask was equipped with an addition funnel, magnetic
stirrer, temperature probe, and a condenser. Thiophene (0.1 mol, 8.4 g) was dissolved in
toluene (40 mL) and sulfuric acid (6 mL of 80%) was added at room temperature. A solution

of 2,6-di-tert-butyl-4-methoxymethylphenol (0.3 mol, 75 g) in toluene (230 mL) was added at
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WHAT IS CLAIMED: 1. A macronol ecul ar reaction product conprising (a) one
or nore i) heterocyclic conpounds substituted with one

3, 5-di - hydrocar byl1- 4- hydr oxyl benzyl group; ii) heterocyclic conpounds
substituted with two 3,5-di-hrirocarbyl-4- hydroxyl benzyl groups; iii)

het er ocycl i ¢ conpounds substituted with three 3, 5-

di - hydr ocar byl- 4- hydroxyl benzyl groups; iv) heterocyclic conpounds
substituted with four 3,5-di-hydrocarbyl-4-hydroxyl benzyl groups; or v)

het erocycl i c conmpounds substituted with five 3,5-di- hydrocar byl 4-

hydr oxyl bgpzy ad TG ocyclic
corrpoundsﬁgét?g%'g!{ gtﬁgé v&%tggeagﬁ%l rg{r}(ﬁ%g?\% @dgg‘?}{]bvy%ggcgg? Ileg ?ﬁ%ﬁyl benzyl
gr oups, V\NMRearralysmstiowmlccromﬂﬂtewlvasloneﬁﬁmlsmtlrmmml |ﬁeIaPthdsea¥aSr oom

t enper at uy 0 t bl e of
bei ng di Ssngrat% affd tﬁ? !)ﬂ&%}l%&ﬁts%%%\ga?s OnWlsho :ﬁer (?@&L%Q@lﬁfe s@dgﬂn ﬁ%ﬁecgﬁoﬁ
reaction g Geﬁutmtec GpmiLyiang dfied over nhgs@umharhfatealﬁva%r@tﬁonmfesommrmd@‘
heterocyc b r r

nyclr oyt eigsf BERAHEHRT P ecoy B Misp oo sV BoR Mk |
conpoundsHBL® snatysis euowdt monoxenbjtaed iisomp (@)a dbgubstitutag dsoosey KHénz - gr oups;
iii) gre 0 _ yeneTell spbsti tuted
with thr Zgél lt@&ggo'&éér o@ar éf%ﬁh@{?rl% gylFe%gagsgh%@t&pr eat g?’%t hfgn 40wt . %
of at | ea@ixhtvoné6%fofmw)thydmebudgem@uﬁeta@i @b@rcﬂhg@nwnpw weye bdentifiadt ed wit h
four 3,5-; q}geﬂgyﬁgpcar by1- 4- hydroxyl benzyl groups, v) one or nore

het erocyclpl c ‘conpounds substituted with five

3, 5- di - hyB¥AMPLERY THIA2HRYE R Y10 HETERT BUF Lol ETHOSYMEE BYHB AL (MSHOLIGITDi v)  and V) ;
and (b) 064 A Mt%n%‘?tf%hﬁt@ﬁb?fykﬁ%@ho?ﬁ%&ﬁﬂﬂ%%l'(@ c)qmm@& @uhst)i tut ed

W|th one or drocarb drioxyl benzyl groups V\,her ein all

. % ar e asgddedon atstimed @!Xé‘!fe \ﬂé’ﬁ"@?ﬂ““@)ﬁm@ ﬁl&cqf SHH) é%qhwph%étﬁ mbhatpr oduct ,

and sai d ABGHONRRGHE! dhe FRATN B wsmtfrea 5t fobfdl UbiHpeddnut QOUMERNMGVARL Ur e or
solids that nelt at less than 10 . The macronol ecul ar reacti on product

accor di ngengkysie shawief SopletE PRy eé%ﬂ“@ﬂ‘r@o?‘%ﬁ*ﬁﬂ raeriehr Thearid plore Wisoaetedconpri ses

(a) i) I ea?ﬁtﬂe'l%ﬁhe5ea‘6@1@n/ﬁllxﬂicre QREi R RIS Sh ARG |(2(ﬁmEP€[ﬁBMSNa§l\bQSt ituted
with one 3, %/drocarb -4- hydroxyl benzyl group, ii) less than 15 wt. %

of one orW‘ﬁ‘bW@eI‘r{é By afcdrice 0¥ ﬁ‘b"é{h‘ﬁa‘? Wifprst iSpYER VA gHpVedunder aspirator

3, 5-di - hyﬁé&&@%l%ﬂ%ﬂa&eﬂn%x%@%&%ﬂ th@p AP S 1-2inkihdig bRy ke, rvagRdaét from
15w . % to 40 wt. % of one or nore heterocyclic conpounds substituted with

three 3, 5¥4i anmr@nge@dr%qumrmwaww HEhE ynalyiothewed mopy-sybstiied prdHgle of from

| Ont % t 0 (gg)%w'ang/ ﬁpgubﬁﬂlﬁeﬁﬁroﬁmlf @@etlﬁ ra@(ﬁﬁ(&l 6% of HEMOKAS i BEPslobtdat #d W th
four 3,5-di drocar byl-4-h rox¥ benzy clgr oups;
other o gomenc materlals were identified in the product

Example 8: THIOPHENE AND 2,6-DI-TERT-BUTYL-4-METHOXYMETHYLPHENOL (NO SOLVENT WITH
AMBERLYST® CATALYST):

[0049] To a solution of 2,6-di-tert-butyl-4-methoxymethyiphenol (15 g) in thiophene (50
mL) was added Amberlyst® 35 and the resulting mixture was refluxed for 23 hrs. NMR
Analysis showed complete conversion of the starting material. After cooling to room
temperature, the reaction mixture was filtered and the filtrate was concentrated as descried in
example 7. HPLC analysis of the resulting oil showed mono-substituted product (70%), di-
substituted product (21%), and tri-substituted product (3%). In addition 6% of methylene-

bridged products and other oligomeric materials were identified in the product. Oxidation
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v) in the range of from5w%to 45 wt.% of one or nore heterocyclic
conpounds substituted with five 3,5-di-hydrocarbyl-4-hydroxyl benzyl groups;
and (b) in the range of fromIw%to 15 w. % of one or nore

met hyl ene- bri dged heterocyclic conpounds substituted with one or nore

3, 5-di hydr ocar by1l- 4- hydr oxyl benzyl groups, wherein all w.% are based on
the total weight of the macronol ecul ar reaction product. 4. The

macr onol ecul ar reaction product according to claim2 wherein said

macr onol ecul ar reacti on product conprises one or nore conpounds represented

Dy L0 1o %, BENEE e STy OO eSS RGE, 1D Bt SV
di hydr ocaol§%-wvyhydriox yenzut 0.7R4t% Badingr hydrocarbyl, nis 0 or 1, pis 1
908 Mg A Bl 2 bR b B LD ) 20 end
4 wher ei n[(050]A hr@ndcledircindwottanm faskiivay equppat widnanpid ditioie funseb mpaghates one or
more compounds, LERLERCNLES DY £ 16498087 A LREMM LA nud LM or! b g) in

dichloromethane (20 mL) was added to a solution of 2,6-di-tert-butyl-4-

methoxymethylphenol (0.3 mol, 75 g) in dichloromethane (200 mL) and sulphuric acid (3 mL

of 80%) at room temperature over about 10 minutes. The reaction mixture was first stirred at

room tempetature overnight and refluxed for 4 hrs. NMR analysis showed complete

conversion of the starting material. The acid phase was separated and the organic phase was

washed with water (30 mL), dilute sodium hydroxide to pH 7-8, water (30 mL), and dried

over magnesium sulfate. Evaporation of solvent under reduced pressure afforded a viscose

oil which solidified on standing at room temperature. HPLC Analysis showed mono-

substituted isomer (3%) and di-substituted isomer (15%). In addition about 80% of

methylene-bridged products and other oligomeric materials were identified in the product.

Oxidation Inhibition Time measured by PDSC @ 160°C was 57 minutes at 0.25 wt%%, 69

minutes at 0.50% wt%, and 78 minutes at 0.75 wt% loading.

EXAMPLE 10: FURAN AND 2,6-DI-TERT-BUTYL-4-METHOXYMETHYLPHENOL (NO SOLVENT):

[0051] A three-necked round-bottomed flask was equipped with an addition funnel, magnetic

stirrer, temperature probe, and a condenser. A solution of 2,6-di-tert-butyl-4-

methoxymethylphenol (25 g) in furan (100 L) was added to a stirred mixture of furan (50

mL) and sulphuric acid (5 mL of 80%) in 15 minutes. The reaction mixture was stirred at

room temperature for 3 hrs. Then it was filtered through a short Celite bed and the filtrate

was concentrated under reduced pressure. The oily residue was dissolved in hexanes (60 mL)

and the resulting solution was washed with water (30 mL), dilute sodium hydroxide to pH 7-

8, water (30 mL), and dried over magnesium sulfate. Evaporation of solvent under reduced

pressure afforded a viscose oil which solidified on standing at room temperature. HPLC

Analysis showed mono-substituted isomer as the major product (91%). Oxidation Inhibition

Time measured by PDSC @ 160°C was 53 minutes at 0.25 wt%%, 63 minutes at 0.50% wt%,

and 69 minutes at 0.75 wt% loading.
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wherein X is sulfur, oxygen, or nitrogen, Rl is H or hydrocarbyl,
or hydrocarbyl, and Ris H or hydrocarbyl. 6. The nmacronol ecul ar reaction

product according to claim2 wherein said macronol ecul ar
conpri ses one or

R

is H

reaction product
nore conpounds represented by the foll ow ng general

formula, Formula IV: wherein each X is independently sulfur
nitrogen; each R R, Rl, R2 P y , oxygen, or

WHAT IS CLAIMED:

L.

A macromolecular reaction product comprising (a) one or more i) heterocyclic
compounds substituted with one 3,5-di-hydrocarbyl-4-hydroxylbenzyl group; ii)
heterocyclic compounds substituted ~with two 3,5-di-hydrocarbyl-4-
hydroxylbenzyl groups; iii) heterocyclic compounds substituted with three 3,5-
di-hydrocarbyl-4-hydroxylbenzyl ~ groups; iv) heterocyclic ~ compounds
substituted with four 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups; or V)
heterocyclic compounds substituted ~with  five 3,5-di-hydrocarbyl-4-
hydroxylbenzyl groups; and (b) one or more methylene-bridged heterocyclic
compounds substituted with one or more 3,5-di-hydrocarbyl-4-hydroxylbenzyl
groups, wherein said macromolecular reaction product is liquid at room
temperatures or a solid that melts at less than 100°C, and are capable of being

dissolved in liquid hydrocarbon solvents.

A macromolecular reaction product comprising (a) i) less than 10wt.% of one
or more heterocyclic compounds substituted with one 3,5-di-hydrocarbyi-4-
hydroxylbenzyl group; ii) less than 25wt.% of one or more heterocyclic
compounds substituted with two 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups;
iii) greater than 15 wt.% of one or more heterocyclic compounds substituted
with three 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups; greater than 40wt.% of
at least one of iv) one or more heterocyclic compounds substituted with four 3,5-
di-hydrocarbyl-4-hydroxylbenzyl ~groups, v) one or more heterocyclic
compounds substituted with five 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups,
or combinations of iv) and v); and (b) one or more methylene-bridged
heterocyclic compounds 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, and said macromolecular reaction product is

liquid at room temperature or solids that melt at less than 100°C.
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and R4 are independently hydrogen or hydrocarbyl; g and s are independently
1 to 3. 7. The macronol ecul ar reaction product according to claim2 wherein
sai d nmacronol ecul ar reaction product conprises one or nore conpounds
represented by Fornula V: wherein each X is independently sulfur, oxygen
or nitrogen; and each R and R are independently hydrogen or hydrocarbyl.1
8. The macronol ecul ar reaction product according to claim6 wherein Rl is
H. 9. A conposition conprising: a) one or nore organic materials that are
susceptible to oxidation in the presence of air or oxygen selected from at

| east one oil of lubricating viscosity selected fromGoup I, Il, and II
mneral oils, el MaabRbRcdhe rbasion Syotinet dccordiigets clagas 2t whetetuiseidder | ved

oil s, bio-based oi ' ' [ ' [ [
ubrcants, Bfﬁﬁg‘;g’;‘fﬁ@é@a?té%?igé PEjC ust?csotéfél@%?%ej@%:iﬂ@ssgfhlf@i > %ﬁg)&ﬁn&f"ﬂ‘f’ﬁ‘?ﬁe”&r s,
conpr essor 1 lx}iﬂgg | hdiSrocyctiS! cififous daibs@iiite@i With loyelr B5ldibyddotartidl;4-
hydroxylbenzyl group, ii) less than 15 wt.%, of one or more heterocyclic
compounds substituted with two 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups;
iii) in the range of from 15wt.% to 40 wt.% of one or more heterocyclic
compounds substituted with three 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups;
iv) in the range of from 10wt% to 70 wt.% of one or more heterocyclic
compounds substituted with four 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups;
v) in the range of from 5wt% to 45 wt.% of one or more heterocyclic
compounds substituted with five 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups;
and (b) in the range of from 1wt% to 15 wt.% of one or more methylene-
bridged heterocyclic compounds 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.

4. The macromolecular reaction product according to claim 2 wherein said
macromolecular reaction product comprises one or more compounds represented

by the following general formula, Formula I:

R1 y ,(Ry)p
_ AL H L
- R2
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- slideway oils, quench oils, nmanual and automatic transm ssion fluids, gear
oils, and greases; b) an antioxidant product containing: i) less than 10
wt.% of one or nore heterocyclic conmpounds substituted with one

3, 5-di - hydrocar byl1- 4- hydr oxyl benzyl group; ii) less than 20 wt.% of one or
nore heterocyclic conpounds substituted with two

3, 5-di - hydr ocar byl- 4- hydr oxyl benzyl groups; iii) in the range of from
15wt . % to 40 wt. % of one or nore heterocyclic conpounds substituted with
three 3, 5-di-hydrocarbyl-4-hydroxyl benzyl groups; iv) in the range of from
lOM % to 70 wt. % of one or nore heterocyclic conpounds substituted with

four 3, 5-di - hygiepganbklsdtullyskyguy | dafizydengRo ipH; onvhydrocattyl, Rangd,of from
5wt % to 45 w. % of one or nore heterocsﬁ_ﬁl ic co o&mds %ubslti t.utlet\d4vvi th five
3, 5- di - hydr oc &iltyynacarbyl thadiprienzyl Ry isdi pehydrocardyl, mis Dor 2, pis 116

whennis 0, and pis 1 to 3 when n =1, and m is 1 when n=0 and m is 2 to 10

when n=1.

5. The macromolecular reaction product according to claim 4 wherein p is 1 and
said macromolecular reaction product comprises one or more compounds

represented by the general formula, Formula III:

R1 OH
Rl

wherein X is sulfur, oxygen, or nitrogen, R, is H or hydrocarbyl, R’ is H or

hydrocarbyl, and R is H or hydrocarbyl.

6. The macromolecular reaction product according to claim 2 wherein said
macromolecular reaction product comprises one or more compounds represented

by the following general formula, Formula IV:
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vi) in the range of fromIw%to 15 wt.% of one or nore nethyl ene-bridged
het erocycl i ¢ conpounds substituted with one or nore

3, 5-di hydr ocar by1- 4- hydr oxyl benzyl groups, wherein all w.% are based on
the total weight of the macronol ecul ar reaction product; and c) 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, enulsifiers, denulsifiers,
seal swell agents, solubilizing agents, antifoam agents, other antioxidants
or stabilizer syheiih UGdH % is BOEPeaNintly sG] bﬁ;rgeﬁlwmimgeﬂ; aach R, R’, R1, R2

di al kyl di t hi ophosphate, at |east one conventi nder.e

anti oxi dant , aandﬂ&a@@ inslgpendepieydregeaior Ay S?F%fggdqép ﬁéwpg‘?ﬂ%ﬂ(geng?ﬁl oxi dant ,
at | east one qgganonnlybdenun1conpound at |east one al kyl ated

di phenyl am ne and at | east one organonol ybdenum conpound, at | east one
phosphorus-free anti-wear or extrene pressure additive, at |east one

nmol ybdenum ¢o |n|n or, onta| g n t

or ganobor on% nﬁﬁ néqleclu s’iea 18 8?03 & %Crog(ﬁgéggrp%%lrr{g 2ar¥§é§ém I%ggst one
conventional  ahkotbmbReulsl @Mﬁﬁbﬁiﬁuﬁﬁconﬁiﬂsémﬁmrm sanhfoundsrepreagntédoxi dant
EP (extrene pressure) additive or anti-wear additive, at |east one
convent i onal aMkEarEuEdVdi phenyl ani ne al ong with at |east one (i) sul furized
antioxidant, (ii) EP additive, (iii) anti-wear additive, and (ivV)

or ganobor on corrpoundH 0. TR conposition according to claim4 wherein said
ant i oxi dant product c0O ri es one or nore conpounds represented by Formul a
|, wherein X is sulfur, /&xygen, or nitrogen, R2 is Hor hydrocarbyl, R3 is
3, 5-di hydrocarbyl-4- h benzyl , hydrocarbyl n is an integer
in the range of froﬁlo ¢ ; =0 and mis2 to
10 when n=1. 11. The conposN i on ac-.rdlno i RerB8hn sai d product
conpri ses one or nore compound wherein X is
sul fur, oxygen, or ni tI{{pgen RI < N

hydrocarbyl, and R is H> " . The conpgsiti @Haccording to
claim6 wherein said anti i ses Rhe or nore conpounds
represented by Fornula | ggendently sul fur, oxygen,
or nitrogen; each R HR dently hydrogen or
hydrocarbyl; q and s are |

ep

H

wherein each X is independently sulfur, oxygen, or nitrogen; and each R and R’

are independently hydrogen or hydrocarbyl.

8. The macromolecular reaction product according to claim 6 wherein R1 is H.

9. A composition comprising:

a) one or more organic materials that are susceptible to oxidation in the presence of
air or oxygen selected from at least one oil of lubricating viscosity selected from
Group I, II, and III mineral oils, poly-alpha-olefins, synthetic esters, gas to
liquid derived oils, bio-based oils, internal combustion engine oils, railroad and
marine lubricants, natural gas engine oils, gas turbine oils, steam turbine oils,

aviation turbine oils, rust and oxidation oils, hydraulic fluids, compressor fluids,
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13. The conposition according to claim7 wherein said antioxidant product
conpri ses one or nore conpounds represented by Fornmula V, wherein each X is
i ndependent |y sul fur, oxygen, or nitrogen; and each Rand R are
i ndependent |y hydrogen or hydrocarbyl. 14. The conposition according to
claim9 wherein b) and c) are blended with the at | east one or nore oils as
a concentrate, wherein said concentrate contains in the range of from5 to
95wt . % a) and a diluent oil. 15. The conposition according to claim14
wherein Rl is H n=0, n¥l, and p=1. 16. A macronol ecul ar reaction product
m xture fornmed by bringing together conponents conprising: (A)a sterically

hi ndered 4-al kRt Skl gherRh GilbVHiREPARYAURRBMR tradmibsion fluids, gear oils,
hydr oxynet hy1- 2, 6- di hydrocar byl phenol ; (B) at |east one heterocyclic

conpound_mhicﬁmﬁgﬁﬁﬁﬁbnocyclic or polycyclic conpound wherein: a) the
the sol e hebbrard it o e O E e o0 e rimg thercof (1), one |
ni trogen at omi)one laslthan 18twufb, of onener mongdeteraayoliq c¢rmpundssubstitutedr and one
Oxygen atom. or TRRDE SuglipAREEEH-ShETE PRBVSEPHEr ot oms. or two oxygen
atons, and ii) less than 20 wt.%, of one or more heterocyclic compounds substituted
with two 3,5-di-hydrocarbyl-4-hydroxylbenzyl groups;
iii) in the range of from 15wt.% to 40 wt.% of one or more heterocyclic
compounds substituted with three 3,5-di-hydrocarbyl-4-hydroxylbenzyl
groups;
iv) in the range of from 10wt% to 70 wt.% of one or more heterocyclic
compounds substituted with four 3,5-di-hydrocarbyl-4-hydroxylbenzyl
groups;
V) in the range of from 5wt% to 45 wt.% of one or more heterocyclic
compounds substituted with five 3,5-di-hydrocarbyl-4-hydroxylbenzyl
groups;
vi) in the range of from 1wt% to 15 wt.% of one or more methylene-
bridged heterocyclic compounds 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; and
c) one or more dispersants, detergents, anti-wear additives, extreme pressure
additives, corrosion inhibitors, rust inhibitors, friction modifiers, metal
deactivators, lubricity agents, pour point depressants, antiknock agents, anti-
icing agents, viscosity index modifiers, emulsifiers, demulsifiers, seal swell
agents, solubilizing agents, antifoam agents, other antioxidants or stabilizers,
diluents, solvents, carrier fluids, Zinc dialkyldithiophosphate, at least one
conventional hindered phenolic antioxidant, at least one conventional alkylated

diphenylamine antioxidant, at least one organomolybdenum compound, at least
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'b) at least one of the cyclic groups of the polycyclic conmpound is fully
conjugated and has as the sole heteroaton(s) in the fully conjugated ring
thereof (i) one nitrogen atom one sulfur atom or one oxygen atom (ii)
one sul fur and one nitrogen atom one sulfur and one oxygen atom or one
ni trogen and one oxygen atom or (iii) two nitrogen atons, or two sul fur
atons, or two oxygen atoms; (C) an alkylation catalyst, and (D) optionally,
an organic solvent. 17. The macronol ecul ar reaction product mxture of
claim17, wherein said 4- al koxynethyl-2, 6-di hydrocar byl phenol or
4- hydr oxynet hy1-2, 6- di hydrocar byl phenol is

4- hydr oxymet hygle %Tkg/ﬁtéd'dll Béﬁ%&a@mﬂ@&m’émélﬁﬂ&ie, organomolybdenum compound, at
hydr oxynet hyl-2, 6 |-ter%?J but yl phenol , 4- et hoxynet h%%qZ ter -butyl-6-

net hyl phenol dﬁasmon%phwb%ﬁﬁwﬁmlﬁveér of éaﬂth%Ps?F%ﬂFFe mvels?t epffeome
macr onol ecul arg, rrg gﬂrl:oﬂ{a?rgif t o %}H Falrﬁh% Qi‘is})Zpsax‘[We'éﬁ' Rasai 6he
oun azo Yy

heterocyclic co e, razol e, pyridine,
pyri m di ne, pydrganoberon p:lompaumd;ea; ld:alsﬁ @mm@}ob@rdmemmown@)@hér@éle%t one

di benzot hi ophene, dit dlthllne dol e 0 di ne,
carbazol e, ox#PBY&t “’Pg gg@?‘g P%E‘B ]r?asq O&St%‘%@ﬁ%‘%& M@%daﬁcﬁp
2-benzof uran, dyfentt Brdssure)P8NBEREH SKiafti- vfbbb@ddﬁﬁdﬁt oati lRast awnedtdmwertwhalr an 19.
The macr onol ecul ar reaction product mxture of cl a 19, whergin said
li’{rl}lzed an 1de nt, ('S)

heterocyclic cdpsehdiphsnylampgatengovith gt kgast one (1) su ntiox

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

10. The composition according to claim 4 wherein said antioxidant product
comprises one or more compounds represented by Formula I, wherein X is
sulfur, oxygen, or nitrogen, R, is H or hydrocarbyl, R; is 3,5-dihydrocarbyl-4-
hydroxybenzyl, R; is H or hydrocarbyl, n is an integer in the range of from 0 to

1, pis 1 to 4, and m is 1 when n=0 and m is2 to 10 when n=1.

11. The composition according to claim 5 wherein said product comprises one or
more compounds represented by Formula III, wherein X is sulfur, oxygen, or
nitrogen, R; is H or hydrocarbyl, R’ is H or hydrocarbyl, and R is H or
hydrocarbyl.

12. The composition according to claim 6 wherein said antioxidant product
comprises one or more compounds represented by Formula IV, wherein each X
is independently sulfur, oxygen, or nitrogen; each R, R’, R1, R2 and R4 are
independently hydrogen or hydrocarbyl; q and s are independently 1 to 3.

13. The composition according to claim 7 wherein said antioxidant product
comprises one or more compounds represented by Formula V, wherein each X is
independently sulfur, oxygen, or nitrogen; and each R and R’ are independently

hydrogen or hydrocarbyl.
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20. The macronol ecul ar reaction product mxture of claim17, wherein a
nolar ratio of (B) to (A) used in the reaction ranges from1:1 to 1:10.

14. The composition according to claim 9 wherein b) and c) are blended with the at
least one or more oils as a concentrate, wherein said concentrate contains in the

range of from 5 to 95wt.% a) and a diluent oil.
15. The composition according to claim 14 wherein R1 is H, n=0, m=1, and p=1.

16. A macromolecular reaction product mixture formed by bringing together
components comprising:

(A)a sterically hindered 4-alkoxymethyl-2,6-dihydrocarbylphenol or  4-
hydroxymethyl-2,6-dihydrocarbylphenol;

(B)at least one heterocyclic compound which is a monocyclic or polycyclic
compound wherein:

a) the monocyclic group of the monocyclic compound is fully conjugated and
has as the sole heteroatom(s) in the fully conjugated ring thereof (i) one
nitrogen atom, one sulfur atom, or one oxygen atom, (ii) one sulfur and one
nitrogen atom, one sulfur and one oxygen atom, or one nitrogen and one
oxygen atom, or (iii) two nitrogen atoms, two sulfur atoms, or two oxygen
atoms, and

b) at least one of the cyclic groups of the polycyclic compound is fully
conjugated and has as the sole heteroatom(s) in the fully conjugated ring
thereof (i) one nitrogen atom, one sulfur atom, or one oxygen atom, (ii) one
sulfur and one nitrogen atom, one sulfur and one oxygen atom, or one
nitrogen and one oxygen atom, or (iii) two nitrogen atoms, or two sulfur
atoms, or two oxygen atoms;

(C) an alkylation catalyst, and

(D)optionally, an organic solvent.

17. The macromolecular reaction product mixture of claim 17, wherein said 4-

alkoxymethyl-2,6-dihydrocarbylphenol or 4-hydroxymethyl-2,6-
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18.

19.

20.

dihydrocarbylphenol is 4-hydroxymethyl-2-tert-butyl-6-methylpheno1, 4-
hydroxymethy!-2,6-di-tert-butylphenol, 4-methoxymethyl-2-tert-butyl-6-
methylphenol or 4-methoxymethyl-2,6-di-tert-butylphenol.

The macromolecular reaction product mixture of claim 17, wherein said
heterocyclic compound is pyrrole, imidazole, pyrazole, pyridine, pyrimidine,
pyrazine, phenazine, thiophene, 2-benzothiophene, dibenzothiophene, dithiine,
benzodithiine, indole, quinoline, acridine, carbazole, oxazole, isoxazole,
thiazole, and isothiazole, furan, 2-benzofuran, 1,4-dioxin, benzodioxin,

dibenzodioxin, or dibenzofuran

The macromolecular reaction product mixture of claim 19, wherein said

heterocyclic compound is thiopene or furan.

The macromolecular reaction product mixture of claim 17, wherein a molar ratio

of (B) to (A) used in the reaction ranges from 1:1 to 1:10.
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