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WD 2009/ 076091PCT/ US2008/ 085204 ALKYLATED

1, 3- BENZENEDI AM NE COVPOUNDS AND METHODS FOR PRODUCI NG
WE2E0EROSS REFERENCE TO RELATED APPLI CATI ONS PCT/US2008/085204

The present application clains priority to U. S

Application No. 12/212,131, filed on 5Septenber 22,

2008, and U. S. Application No. 12/001,951, filed on

DeceKtne{( [

appl1ca I%-%S 'S 1 nbsorﬁg%qug{]tmlzlr‘g%qyrc@er ence.

FIELD OF AnD! OB FOR PRODUCIRG [SAME! at es
ed 1, 3-

to al kyl at enzenedi am nes, nor e
speci fi caER@SSQ{HTER(ENCEdf 0] RELATED APPLICATIONS
N1, N3-di cycl oal kyl- 1, 3- benzenedi am nes and net hods for

Hfh@cﬂi@deﬁg a%;hﬁ:aﬁmlau%@clﬁloaitw&@sd éﬁcmmedmmﬂess filed on
be use for exa e, as anti oxi nts

Septemb@razﬁ 12098r and Bk famlmtz@mm 424081 ,95 pfiled o Becember 12, 2007. The
ctro C che als. urethane otecti on,
enirery R BGPTSR o M PRI S B o e

IN\/ENTIC]\I Lubricants, such as those used in a
variety of machinery, are suscepti ble to oxidative

deterioration duripigr s OFa3es NYVERSRPON ati on, and
usage, particul arl'y wheén sSuch Tubricants are exposed

t .

o R K185 RIS PRI TSRO, st

alkylatddf Nhd-dieyetoatityl-d (B -bamanedidmines ahd nidtedsdomptddoningfthe same. Such
corr03|ve cidic 20 oduc slud , varnishes

alkylatqde d 3aenzgneqiaspings ma bF ety Bpto Bl £ G ighilizers, and
antiozoh&ht@ fbOfRDriek tg,teﬁé&ftﬁﬁ@ ShahialsC atetRids, L irbP HrOGL A, harmaceutlcals

properties o bricant's.” These oxi dation product
dyes andegndread to the formati on of harnful deposits on

critical engine parts, such as the pistons, piston

liners, valves, and valve lifters. It is therefore a

common practice to include deposit-control and
ant i oxi dant adWM@ﬁ%Mvent , at

| east to sonme extent, oxidation, so as to extend 25the
Lybrigants, jspeh @8 thase usadrin cavariety of machmbsr,iaégrsusceptlble to oxidative

deteriorggl %ﬁlﬂ'ﬁ'ﬁ Iosg(g ﬁ§ % % B(')rl:t]ag é)l\{l;%k u% Seecrp%?tgc%ﬁ%lryt s%nﬂ n&brlcants are

exposedfto Thigh henpaaredsagd @oni é‘atﬂffﬁ@ ckpYiineas, ﬁrmﬁpgﬂeﬁthe qbromote their
in US Patent Nos. 2,718,501, 2,883,362, 3,211,793,

oxidatian. 3dAip gxidatieny 16 npy gorptgo;lleducgltrlbu@p ite 4he Sormasion of corrosive acidic

product&%g@%eégéagﬁlea 2‘%%8’%%%‘%%@&%% 8ﬁﬂ€%¥&qg 43900&1@%%% may lead to a loss of

designa?di0ety8itaDPEIHolIHREN BB EHRQ AT IRSAMZOBRL., Thee @iddtiod products may
contents, and, di scl osures of which are incorpaqrated
lead to{hg doranaip bl g leppsiis. i REEREANGIRNRAIShAYEh Abfhe pistons, piston

liners, \%‘PV'E!DQ{&’ veﬁ@@ﬁft@rgp 10X e réTth&;nn{dﬁeﬂr %Ic%tu) 1;11 %@Bgt -control and
anti ozonants and anti oxi dants % er. Jl' ere

ant10x1dm_e addigves mﬂubmmﬂltsltoiiarbm _ea‘tdehs&tn smBe cesot; okeldtion, so as to extend

the useél?hgeilgfjg%{l&rriguste as anti oxi dants. 5U.S. Patent No.

. @'¥ses net aphenyl enedi ani ne,
NibMBmdlicBRiHBYtioAR bttaining various secondary diarylamines as antioxidants are

widely known in the art. The use of 1,4-benzenediamines is also known, as exemplified in U.S.
Patent Nos. 2,718,501, 2,883,362, 3,211,793, 3,304,285, and 5,711,767, U.S. Publication Nos.
2006/0128574, 2006/0189824, and 2007/0006855, GB1296592, and GB0835826 and
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phenyl enedi am ne, and | auryl - net a- phenyl enedi am ne as
useful antioxidants for lubricating oil conpositions
WO 20090%®91 N envi ronments where iron-catal yzed pxi/usdon®o8s204
reacti on can take place. N, N
-di net hyl - ort ho- phenyl enedi am ne, N, N
- di cycl ohexyl - par a- phenyl enedi am ne, and vari ous
JP59029|392a%je {;rﬁfrf: Qohefis R AuRRIIRMVAEE Qfeaﬁb&gﬁra?é'aeherem by reference.
y disclosed. 10U S. Patent No. 2
1,4- bendemdiaﬂmw thhee pnmpaccatmmnlyofoe@x@tmrdosaadl ds smbtos foel fstabllizers and

antlozov\%gsb Iallia ﬂ%@@qxﬁ% fqrh%lk)g%dl fl? g{/]eggé dl&eaprgftﬁgﬁ,?-genzenedlammes
describ&l ﬁf?@ﬁfétfbpﬁseois ahfi@xﬁ%lﬁ!s ate salt of
N, N - di cycl ohexy 6para phenyl enedi ami ne is disc|osed
The ﬁa@p‘arl‘dm (25145df hélscloaesatmetsmmyleacdlamm NN
peci fie dIC net a;
phenyl QiR R pRl s KRRy Bl B &b 8xicaps for ybricating ol
compositiot fodhuse nflrén@l’d\ﬂmehts BN irdi2eatdlZed éﬁﬁﬁon Béaehien @6h take place.

39 novel phenyl enedi am nes as part of a %ﬁam to
N,N’- dmaﬁhwlaqﬂhodﬁ@nﬁlﬁngdlmmer [0 edlcmabem-éamdzheg Bedipmiesand various
er
di-and r?‘%’ﬁel@ R atr er?gd%g}ngeos a@%?&qggﬁgg§§&203§?.y fused into

BJ EDyFat@it INB Q§&57pll2r4%Scﬂhsé@thefiﬁégﬁmtdnydfmhﬂ‘aaé salts of fuel stabilizing
honopi peri di ne), norpholine, aor 2

NN"d@lkrYé‘PHSﬁH?h?Pﬂ%? iArRs g, 2 | W% X repdestne: fhe additigsolrsxfpxic.  The
R - darde
preparag?S ?gﬁ‘égs%pgagl(%; Iﬁﬁ) o%%&léﬁéghgﬁg%%%}a%m ngigg i€9%closed. The
preparatibabifl theeoxdlate sitgasti othentuasperifted pPaiytloaliyhiokthor, uﬂnb‘eF,, and para-
and, exenplifi esRi ts use as a gasoline inhibitor. The
phenylegiediamines ig gongemplaigd. . gi cycl ooct yl - 0- and
ylenedi negzi nge e 0 3 39 ]
Quefifay £ %‘izé’%féﬂ %5 S A e NSt P e nove
phenyldhEd'm‘rhe%M&Iplaﬁ/&f la p(@ﬂﬁﬁ@o\ﬁﬁndl@ﬁbﬁﬁiﬁm fORADBKAIBAL are not sensitizers or

dermatq‘%ﬁl)léllé:/l Egg? g?q%gglfr} S]E“”—Ehl e:nedllazf)’nlrzléL ni rlogggr(l) Z&’as %gﬁgus ﬁlsed into a

di arRhe Fhid81 TBSMbFIRELAIRS), PrAsERSISe, 2, 6
pyrmhdgh% allﬁg%ry%r;@t hﬁe_zbskgate %y)fftrﬁ ?c lalénk;/( [ ati g? é : EP m e o

dimethydmonptiliphemg| dmeach aase theQF-c@dobdxyd h@hgound\ms prepared.

B ﬁg’#’?%ggﬁ? chBU2E01 hitew o N op b b e Bhediamine as 2

stabllle&hQ&y bR eSS rtidB1PrubdrUaRd dRBmblifed i B’ as a gasoline

In particul ar,

inhibitax, fthe leiaﬂuaq: Rﬁ/N,I‘N- @hﬁi?‘l’aﬁaﬂ'&né we-nhershegdiaminesis contemplated.
SFatn s, ) S KEMICHESK AV PROMYSHLEANOST, SERIYA

METODiYg MN§LEZ)A ITi K@NT RQLYUSD JoA OHESTW A IFRaODhUBITESTD Mo e IMICHESK O
are contained in a mcro-encapsul ati on del i very

PROMX%H&NNOSTI 18@15(1%})%1?8%6@ ths, olpraddgizatinn of MzNzréiBlkyl-para-
c e [ p )
phenyl e lEHARE CRALAT MRIALAC BEARCACR ' b DAMELS Shvtaion of 4
ammodk;ﬁieﬁﬂamlmdlth(]an@bdﬁcr(ﬂﬁdlsphenol whi ch can be used in an
anti oxi dant amount in | ubricati ng oils, greases, and
fuel conpositions.

-dimethyl-meta-
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10 Specifically the phenyl enedi am nes conpounds have
the formula: \ NR2ZH HR1 N Japan Patent No.

wh 2000800802 di scl oses a | ubricant conposition PCT/US2008/085204
conprising N, N -di-secbutyl -para-phenyl enedi am ne for
pressure formng of oil tanks. The | ubricant
conposition al so contai ns hindered phenolic

BIY. iPin e A0t 4,435,788 dfRIRELINRGisE b 64rH E@8ar¥fenylene diamines of the
by reference. Wi | e

i ncor por at ed
structurghenyl enedi am nes are known to act effectively as
anti oxi dants, these conpounds have Reen found to be
di sadvant ageous commerci al |y, sincfgthe presence of
such compounds, when used in _anounts conventionally
used to provide &H%Loxida T O ayed adverse
ef fects on piston osi t/ and vaxni sh control and al so
di spl ayed aggressiyéﬁess | uoroel astoneric 20
engi ne seal materg2al s. Th erse effects are

particularly apparent w th phenyl enedi am ne conpounds

a b Al L e | T ,
PSR S8 AP ABSES BB ERLE g SATHRU LI N idcsiN
octyl-Nlcfhbﬁjllcpairét-pﬂer@iléneamﬁﬁhé)i ¢atisedisast dighp asatiliges foAarunsaturated insect
i esel engine lubpricating oil (PCDO set by original
pheromanpgsi thakane Copiginehin amisre-cpeapmelption Jelvesyeisid®d r educed

e f brzi p r (& I 'twapm 0 :

%i} fo gjdg? 'e,s’%(bz?r:slgcgl?(f%]ﬂgﬁ%lsglesgll ?c(%tﬁlﬁ ons or‘%i)l base reaction
producth efxondSdiidiglkg-phelyldnd@Rininesg am eklehpdecorriatorel and @dindered phenol,
which o@% sgggé %;B%ggtp@eﬁlt enté%aml : h?lgg’lg qutg}eg)r((%i@gggeggeasf Iar?([] ﬁl%fl compositions.
Specifih§ thd bkl iABakcl comPBlindsTiatd tleofitget ed to do so.
pect lcéxggc{%%%ﬂem&tﬁg or§3 Eﬂo p‘lllw%r usa cor?t 8nt ?such as to 1200

ppm or |less), and reductio &RAHI owabl e anount s

of sul fated ash(SAS1H) an will limt the

amount of zinc di difkNai \fphos ate (ZDDP), one of

t he nost cost-effective anh\wear/anti oxi dant

conpounds, that a | ubricant | ator can use. 5

Rl EE SU R | NVENTI . I . first | R
T3Pt ek Doant- TPV IAISIPSCS hORBIcPY Sopipeion AT OuEY N -di-see-
butyl-pdrfph8hH¥hcidrfige %rlpI%SSu?@Rﬁﬁiﬁ?gjbﬁml Rhks O NMIHRUGBricant comg%sition also

~conprising reacting a first carbonyl conmpound with t
containg higdersd phendigiantipxidantonpound to form an i nternedi at e,

ﬁﬁefein.th . first car.bonyl Fgggou dis 10 substituted

° tHeeYds isclppires ?ﬁet"?%oé"é‘?{%e t'RE™°S. benzenedi ani ne
Wlﬁle&ﬂ@ﬁ?lbﬂé]ii;ﬁnﬁ@@ ardfodRNck efodRRINgs MtioRidah®, these compounds
internediate in the presence of hydrogen and a

have beaepdpvrk mbe disadvaniageous commsraielih siicrythapeagence of such compounds,

-3- edi am rei ; r
R T AN e
piston d¥potib@nd kst eshtrbl Ind eMsoedieslh@st Agpreskivendss rieiva@nfluoroelastomeric

. second carbonyl conmpounds are selected from al dehydes o
engine goad materites Thesn adversceefbints asppasticWarly papgipdswith phenylenediamine

compodn'a¥ %(fin%nhigflgeﬁi?rohén REAYHE e(@oﬁp&&@%%éq ?e\{étﬂzgﬂ}; Bfall hydrocarbyl

substituents). Recent lubricating oil specifications for passenger car diesel engine lubricating oil

sul f

(PCDO) set by original equipment manufacturers (OEMs) have required reduced levels of
lubricant phosphorus (e.g., less than 800 ppm). To date, lubricating oil specifications for heavy

duty diesel (HDD) engines have not limited phosphorus content, although the next generation of
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general fornula: wherein R1 and R2 are
i ndependently selected fromthe group consisting of
wEio0@atkoad kyl , C2- C20 al kenyl, C4- C20 cycl oal ked1/US2008/085204
C5-C20 aryl, C5-C20 heterocyclo; R3 and R4 are
i ndependently selected 20 fromthe group consisting of
hydr ogen, C1-C20 al kyl, C2-C20 al kenyl, C4-C20
lubrlcarﬁ)éﬁla@gbéﬁdns (&, R @J-ﬂb is efpbcled-t621d fet BkpEyEd Hmltaﬂﬁh phosphorus

are inde endently sel ected fromthe gro
content dgyedi asttp g 08 rpao Jahnd reductionsip the rldowyable @zpoggzt@ of sulfated ash

(SASH%%?LS%Z%EW% 1 gm[%héﬂt of 751k & H?Thg{rt%gc{pg@/@g{’e @Eﬁ%} one of the most
cost-effe@iveliyid ive@gantiox\h PO IR EE) AP TObIFAA ORI DB 24 an use.

In a third aspect of the present invention, there is
provided a conpound haV|ng t he general fornmul a:

Rl and R2 ar he group
conS|st|ng o?Bj“ Nfﬁi&, C4- C36

het er

gt%/?, [t}as? &Fﬁe/egt OPE'IG %?en{%ﬁ(&sﬂg\; %re 15 provﬁcéf a@bceﬁ%:&ﬁ L?Hgllating al,3-

benzenédiledﬁiﬁaene@ﬂlsdmas Gélﬁfltlﬁﬂgfxfe@éﬂ ha Ofseudarb@iysi enptendf with the 1,3-
rogen, Ci1-C36 al kyl 6 al kenyl, C4-C36
benzenqgg@nmgm@mpoqu.t@jgrrgrm intermedzes, ﬁgl@egelactymfgst carbonyl compound is

substitubed SHFtht" gs?)ectwe nitrogens of the 1,3-benzenediamine and reacting a second carbonyl

compound with the intermediate in the presence of hydrogen and a hydrogenation catalyst to
form an alkylated 1-3-benzenediamine, wherein the second carbonyl compound is substituted on
the central aromatic ring of the alkylated 1,3-benzenediamine. The first and second carbonyl
compounds are selected from aldehydes and ketones.

In a second aspect of the present invention, there is provided a compound having the

general formula:

T1 Tz

N N
R3/ ~ R4

Rg Rs

wherein R; and R, are independently selected from the group consisting of C;-Cy alkyl, C2-Cyo
alkenyl, C4-Cy cycloalkyl, Cs-Cyy aryl, Cs-Cag heterocyclo; R3 and R4 are independently selected
from the group consisting of hydrogen, C;-Cy alkyl, C,-Cyg alkenyl, C4-Cyp cycloalkyl, Cs-Cy
aryl, and Cs-Cy heterocyclo; and Rs and R are independently selected from the group consisting
of C;-Cy alkyl, C,-Cy alkenyl, C4-Cyy cycloalkyl, Cs-Cy aryl, Cs-Cyg heterocyclo and hydrogen,
provided that at least one of Rs and R is not hydrogen.
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10wherein, mis an integer of 1 to 8 and each Qis
(O (R9) (R10), wherein each RO and R10 is independently
weedognteo from t he group consisting of hydr ogePCT/US2008/085204
hal ogen, C1-C36 al kyl, C2-C36 al kenyl, C4-C36
cycl oal kyl, C5-C36 aryl, and C5-C36 heterocyclo;
wherein R11 is selected fromthe group consisting of
hydrth@dnaspeoty@eﬂ).e reseng éfivention CtHeZD isptowidedC@ corPound having the
Ikeq C4- C20 cycl oal kyl, C5-C20 aryl, C5-C20
general 6cyclo and WD 2009/ 076091PCT/ US2008/ 085204
wherein R12 is an Cl- al kyl orRaIkenyI group, and
R13 is selected fromt 3 cor5|st|ng of Cl-C20
al kyl, C2-C20 al kenyl, oal kyl, C5-C20 aryl,
C5- C20 heterocyclo; p 2 is not -CH2CH2-
or -CH2CH(CH3)-; aR RP, and R7 are
i ndependent|y sel ected f group consi sting of
Cl-C36 al kyl, C2- 5C36 a Re36 cycl oal kyl
C5-C36 aryl, C5-C36 heter bg” and hydrogen, provided
t hat at Ieast one of R5, /R6,” RANand R8 is not
hydr ogen, prOV|de87that t heRami nes are
posi tioned on the central aromatic ring in an 1,3

R@&hd IRQMuré eldebéndRnilP s€ia€bd Fone khe gridup T&@nﬁﬁﬁ@%ﬂ‘@{lcgé alkyl, C5-Cs¢
3-benzenedi anine is derived fromtol uene

alkenylo@aﬁmarfey@@l%t%d%mloﬁfs{hehqj@r@gxplwﬁ@p@mng of
2, 4-tol uene di am ne, 2,6-toluene diamne, and
2,5-to|uene di am ne. I'n a fourtlr aspect of the present
i nvention, there is provi process for al kylating
a 1 ,3-benzgnedi anmi ne c conprising providing a
arbonyl,zﬁnbound ed fro .thR roup consisting
of an alQlehydd@avi ng tRe general fornula: 0 Rl

CA-

; ; and —R;2CORy3;
R3 and R4 are independently selected from the group consisting of hydrogen, C;-Css
alkyl, C;-Cs¢ alkenyl, C4-C36 cycloalkyl, Cs-Csg aryl, Cs-Csg heterocyclo, structures:

(o>m N=—Ru

’ ; and —R12,CO5R 3,

wherein, m is an integer of 1 to 8 and each Q is (C)(R9)(R1o), wherein each Ry and Ryq is
independently selected from the group consisting of hydrogen, halogen, C;-Css alkyl, C,-Css
alkenyl, C4-Csg cycloalkyl, Cs-Csg aryl, and Cs-Csg heterocyclo;

wherein Ry is selected from the group consisting of hydrogen, oxygen, halogen, H, C;-

C20 alkyl, Cz-Czo alkenyl, C4-C20 cycloalkyl, C5-C20 aryl, C5-C20 heterocyclo; and



15and a ketone having the general fornula: 0 RL5R15
wherein R15 and R16 are independently selected from
wo bwogreep consisting of Cl-Cmal kyl, C2-C20 ab&EUy1008/085204

C4- C20 cycl oal kyl, C5-C20 aryl, C5-C20 heterocyclo and

a ring conpound fornmed by fusing R15 and R16 to forma

- C20 cycl oal kyl, C5-C20 aryl, or C5-C20 heterocycl o;
awhdreurezim is1gn GA@%O&]E?IO&GQ&&JB@H&QZW RB5RO0kldche! from the group

benzenedi am ne conp

h the 1 nd
s S OIS e s b ne comaid 0
prov1de@§ﬁﬁ|1{/1§§s ﬁo@ é‘H @H%I @}\g?%gﬂ&ﬁ}{h)aﬂnﬁg t he general

fornula: erein RL and R2 are
Redpend éhtalre_r/ irglepecikeetdy felested fremgthe lgnmqnctmmtmgl 9f @f-Cs alkyl, Cs-

5 Csg alk@lggcg 9 cloaégy%c%%h@tagioéy@p@hetggc Fﬁ%aag)lglén provided that at

least onkRERRER tahd qgl%:tt dJoe@Mm t he group conS|st| ng of
e O o eﬁw s h%r 8820 alkenyl . G- €20

pmdwdl tklyﬂ the(@n@@&{)alargdsxtloandi oﬁahe:zaltreétaemmaiw:hng immd 1,3 position
relativet q‘s tFRG are i ndependently selected fromthe group
cORST Sy of G -C20 alkyl, C2-C20 al kenyl, C4-C20

&Y 6h® aldbylimdes- G20 %&ﬁzen@a&?& Hedé?fv@&)fﬁlrﬁ’ t@l‘ﬁgne dlamlne selected
hydr ogen, provided ‘that at |east one of R5 and R6

10 from the groupegnsisfang ofidy-toluerfe diathingspedoluehe diaminy; end a;s toluene diamine.

id f. Kk
YA e P U PSSl S g
1,3-benférfedianting b@mybumbmpﬂﬂné or@Gdied 4 taBbhylecompid selected from the

consi sting of an al deh%i1 e having the general fornula:
group congistingeof an aldehyde having the general formula:

C
R15/ \H

15 and a ketone having the general formula:

O:O

R

wherein Rys and R4 are independently selected from the group consisting of C;-Cyg alkyl, C,-Cyy
alkenyl, C4-Cy cycloalkyl, Cs-Cy aryl, Cs-Cy heterocyclo and a ring compound formed by
fusing Rys and Ry to form a Cy-Cyy cycloalkyl, Cs-Cy aryl, or Cs-Cag heterocyclo; and reacting



,.../ N.". R15H and a ketone having the general
formula: 15 0 11 .......... “,C,...."... RI5R16
wobmpera9IR1l5 and R16 are independently sel ect erCT/USI008/085204
the group consisting of Cl-C20 al kyl, C2-C20 al kenyl,
C4- C20 cycl oal kyl, C5-C20 aryl, C5-C20 heterocyclo and
a ring conpound forned by fusing RL5 and R16 to form a
the carbiohyC2dingormldogitikible, 1, 3-befzdBediniine RmpoRndADhE Ph&EALY ST drogen and
WD 2009/ 076091PCT/ US2008/ 085204 provi di ng a second
a hydroggnationyeatabyshisolors astverepvingthe ganerpldferyule: havi ng t he
general fornmula: and a ketone having the general

formula: 0 11 ,C T1 Tz
N N

R3/ \R4
Re Rs

wherein R, and R; are independently selected from the group consisting of C;-Cag alkyl, C5-Cao

5  alkenyl, C4-Cy cycloalkyl, Cs-Cy aryl, Cs-Cyo heterocyclo; R; and Ry are independently selected
from the group consisting of hydrogen, C;-Cy alkyl, C,-Cy alkenyl, C4-Cyg cycloalkyl, Cs-Capg
aryl, and Cs-Cy beterocyclo; and Rs and Re are independently selected from the group consisting
of C;-Cypp alkyl, C,-Cyp alkenyl, C4-Cy cycloalkyl, Cs-Cy aryl, Cs-Cag heterocyclo and hydrogen,
provided that at least one of Rs and R is not hydrogen.

10 In a fifth aspect of the present invention, there is provided a process for alkylating a 1,3-
benzenediamine compound comprising providing a first carbonyl compound selected from the
group consisting of an aldehyde having the general formula:

O

c
R15/ Ny

and a ketone having the general formula:

O——0

R15/ ~

15 Rie

wherein Rys and Ry are independently selected from the group consisting of C;-Cag alkyl,
C-Cyp alkenyl, C4-Cy cycloalkyl, Cs-Cpg aryl, Cs-Cao heterocyclo and a ring compound formed
by fusing R5 and Ry to form a C4-Cy cycloalkyl, Cs-Cag aryl, or Cs-Cy heterocyclo;



R15R16 5wherein R15 and R16 are independently sel ected
fromthe group consisting of Cl-C20 al kyl, C2-C20
w@bdoenyoslr C4- C20 cycl oal kyl, C5-C20 aryl, C5- QOI/US2008/085204

het erocycl o and a ring conpound fornmed by fusing R15

and R16 to forma C4-C20 cycl oal kyl, C5-C20 aryl, or

C5- C20 heterocycl o, wherein the first carbonyl
providiogasecond casbody ¥ domipeinhd télacted fensacsldehydamboiny the general formula:

conmpound; reacting the first carbonyl conpound wth a

1, 3- benzenedi am ne conpound on the presence of

hydr ogen and a 10 hydr ogenat Llon catal yst to form an

i nternedi ate having a generalk fornula sel ected from

t he group consisting of'R RIS CH2 N /R16R15\ / 1R

6R15 \ / 1R 6 H2CCHCH NTrs N 1 |1

and a ketone having the general formula:

O—0O

R15/ ~

R1s

wherein Rys and Ry are independently selected from the group consisting of C;-Cyg alkyl, C5-Ca
alkenyl, C4-Cyg cycloalkyl, Cs-Cyg aryl, Cs-Cyo heterocyclo and a ring compound formed by
fusing R;s5 and Ryg to form a C4-Cy cycloalkyl, Cs-Cyg aryl, or Cs-Cyg heterocyclo, wherein the
first carbonyl compound is different than the second carbonyl compound; reacting the first
carbonyl compound with a 1,3-benzenediamine compound in the presence of hydrogen and a
hydrogenation catalyst to form an intermediate having a general formula selected from the group

consisting of:

Ri1s Rie Ris Rig Ris R1e
N\ /
\C|3 H, H 2T/ CIH \CIH
N N N N
H/ \H H/ \H
and ;and



WD 2009/ 076091PCT/ US2008/ 085204 reacting the second
carbonyl conpound with the internedi ate conpound in
wo bmopresence of hydrogen and a hydrogenati on pet/ab2088/085204
to formthe al kyl ated 1, 3- benzenedi am ne conpound
havi ng a general fornula selected fromthe group
consisting of: /R15 R15\ /R16R15 \ /R16 H2CCHCH N |
reacting Mfet secon&‘(chk@ﬁﬁle):@{i{)&)rﬁl Wltthé inttbmédiate @RifhE in the presence of
wher =H, and a= .. I'n_a_ sixth aspect_ of
hydroggm, an: @e@éﬁwgqnﬁv@hpa@w th é?l@ ithe Blkalatese d.3abangenadisaing gompound

having %?%e@@@ﬂﬁﬁlﬁ sQBete§ BRI ths 'gﬁgrp c%'ﬁs&t%?ﬁsé one base stock

ricating viscosity~in-an ano “from80 wt%to
99. 89 Ris R R R
15 15 15 16 15 16
N\ / N/ N/
CH2 H2C C|H CIH
N N
H/ \H H/ \H
C(2)a C(D)a C(2)s C|3(Z)a
Ris Ris , Ris R1s
Ris R1s R R R R
\\ / 15 16 15 16
CH, HZT \CH/ \CH/
\ ! | |
N N
H/ \H H/ \H
C(2)
C(2)a a C(D)a C(2)a
\ R15/ \R N / \
5 R1s R16 16 and Ris R16 :

wherein Z=H, and a=0, 1, or 2.

In a sixth aspect of the present invention, there is provided a lubricating oil composition,
comprising: at least one base stock of lubricating viscosity in an amount from 80 wt% to 99.99
wt%, based on the total mass of the composition; and an antioxidant in an amount from 0.01

10 wt% to 6 wt% based on the total mass of the composition, the antioxidant comprising at least one



10

15

20

25

wt % based on the total mass of the conposition; and
an antioxidant in an anmount fromO0.01 10 wt%to 6 W%
whamedicom t he total mass of the conposition, tPET/US2008/085204

anti oxi dant conprising at |east one WO

2009/ 076091PCT/ US2008/ 085204 conpound havi ng a

structure (1) having the general fornula: (1)
compowtidrazing Ritrende B2 havieg iredeperad ésituya: sel ected from t he

group consisting of _Cl-C20 al kyl, C2 C20 al kenyl

C4- C20 cycl oal kyl -C20 aryl, C5R1C20 heterocyclo R3

and R4 are |ndepend ntly sel ected |5 fromthe group

consi sting of hydr N, C2-C20 al kenyl,

C4- C20 cycl oal kgy”, C5- an C20

het er ocycl o; and R5 and R6 are indepenaently sel ect ed

fromthe group consisti -C20 al kyl, C2-C20

al kenyl, C4-C20 cycl ga C3- R0 aryl, C5-C20

heterocycl o and hyd¥ogen, provi dedi4 hat @ |east one

of R5 and R6 is not hydrogen. In a seventh aspect of

whereirt Ream Rsard 1nﬁBﬁ&ﬂ&ﬁthelédﬂéﬂ' ﬁoﬂn&h@ @R)L%Q%ﬁs@u of C;-Cyo alkyl C2-Cao
N3-di al kyl -dial k enzene I am ne.

alkenyloﬁeceqﬂy@g]aﬂgﬂ}tci-ﬁ@ aryl C5 C20 heterocyclo R3 and R4 are 1ndependently selected

from thgugﬁﬁﬁ) g@% dv,lﬁ}{% ?’hﬁal%l Cé) aj*qay e(‘%ed k‘enyln a-‘zgygycloeﬁﬁyl Cs5-Cqp

aryl, and liRAZg Ihettérc&mlﬂﬁancBﬂglﬁhda& M inddpeldently selected from the group consisting
cycl oheth A -di i sobutyl- 1,3 -benzenedi am ne.
i

of C1-Cpapligyl, &1 %f&’é)&@fcmfc}’ﬂ?élkp!} Sisclgio arventeoicterpepsleandshydrogen,
provide 'il?a\f'agﬁgst lalé?k'%t ocEn ﬁqtlhg g? Si tion, conprising at

east one ase Ing viscosity In an

fhn%)yeiv%nt&l gpec? 8{ H)éspé%swﬁﬂ 1§1V?1%8>H981§H3d1(;/£r0v1§edd a IQImNt de 1alkyl-4,6-dialkyl-

1,3-ben¥neliBnthe y Clro@hb ydmbodimesli Sk WENP- Sk N2 S0AalkeM | Geoehé‘enedlamme
an ampunt from0.01 wt%to 6 w % based on the’tof al

Comprlﬁﬁ‘r&%NoaN tdHeycdehesplt 6r6b¢ikylﬂé3menme®§m Fsupthscﬁ JNgicyclohexyl-
4,6-diis R ERRERSYBHANENTS 20 I ntroduction

In an eighth aspect of the present invention, there is provided a lubricating oil

»

composition, comprising at least one base stock of lubricating viscosity in an amount from 80
wt% to 99.99 wt%, based on the total mass of the composition; and a NI,N3-dicycloalkyl-4,6-
dialkyl-1,3-benzenediamine in an amount from 0.01 wt% to 6 wt% based on the total mass of the

composition,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Introduction

The present invention is generally related to alkylated 1,3-benzenediamines and
processes for alkylating 1,3-benzenediamines. In one embodiment, 1,3-benzenediamine is
alkylated with an aldehyde or ketone in the presence of a reducing agent to form secondary
amine groups. Optionally, the 1,3-benzenediamine is reacted with an aldehyde or ketone using
catalytic hydrogenation. In either case, the nitrogens of the 1,3-benzenediamines are selectively

alkylated rather than the benzene component thereof. The resulting N',N>-dialkylated-1,3-

10



The present invention is generally related to
al kyl ated 1, 3-benzenedi am nes and processes for
wa@bdoybaidng 1, 3- benzenedi am nes. I n one enbodi PENUS2008/085204
1, 3-benzenediam ne is al kylated with an al dehyde or
ketone in the presence of a reducing agent to form
secondary am ne groups. Optionally, the
benzenéldlﬁnblenmtﬁﬁt aRl figen Sedcdar twidh Wai haldehy’ﬂedeiﬂyﬁetoﬁé using catalytic

ket.one u5| n 250at al t| c. hydrogenation. In eit
hydrogengdign. ¢idongh HogiasendalkylsEon seppae mla&mh@@p@m@d to alkylate the

amine %Siﬁl%o(;nﬂ etﬁ? W%\g lrcgéfl?(?f;aﬁeﬂ f 9%@1?2rretng&%lﬁehﬁ € @&r%?i@mgly and unexpectedly

been diNdtoweBedditlalt kyhliteethelfitdt alkiflution step, the second alkylation step selectively
2009/ 076091 PCT/ US2008/.085204 benze di am ne product i
5 alkylatesthg ceatrpl arpmgticnring, o&tﬁg dated LidsPerpren grﬁgle Thus, the process
prefererﬁ?atl@l Y b nghy CNIQQEH&% Hﬂ%}@{}e& hisp&o. mines rather than
) 3 3y ation step e eXpected to
NUN N rhlyaed-A - mnzmmdgmmupss of the
N1, N3-di al kyl at ed- 1, 3- benzenedi am ne, it has
Novel AlitvlatddsBengbive Bighibgexpect edl y been di scovered that,
unli ke the first al kylation step, the second
b ssperdanes withdhe smbadimepts §f the ﬁ¥%§/mtdﬂ‘é§1tlpﬁe518@ﬁ9@rﬁIdePOSﬂ -control
t. ' f e
10 has beefl}_ﬁﬁds'fgl 1%0% 9 8{]%5284S§%r§% léérﬁgtln?%égﬁi%nﬁng B&:,\{i&ﬁfo?'f‘i"&d 1,3-substituted
diaminesNd3-vetillal Bwbm@haknﬁesiwahlsybﬂitembrﬂo@t}h&ﬁﬂen ecbingitic iz have also been

r at than N1, N1, N3 al kyat ed- 1, 3- benzenedi am nes.
foundtq\lg?/&giw Ve %OSEét‘?E@&g’gBP’ém nes In accordance with

0 f t ' : :
e olgi‘? gdrﬁn?dﬁﬁtfon‘%oacgg‘x‘gl A 1?1‘88%11 g}éﬁf& bf’ﬂ}e ﬁll\/'glﬁ idn Etbrise a fluid
subject tp 4oxgddsbrei degrathtive neenenliaaniunest least omksN- shbstltm;e& mndenediamine

15 addiond R RN Bt et ML B RS S Sociment
N-substR@RA budsbdining iDiifhhy &t lofe depakd, &OosM Bﬂlsoﬁ%?é'”seﬁt The N-
I'n general conpositions according to enbodi nents of

substitutagebenpensdianune adidifive kas the fdrmudh: subj ect to oxi dative

degradation and an a nt at | east one N-substituted
benzenedi am ne 15 addi Fi ve suffy’cient to stabilized
the fluid against the formati onlI of deposits. In one
enbodi ment, N-subst i 14N : immine is in the
formof a free bafe, or K~sol ubl e salt. The
N-substituted benzenedi_am itikve has the fornmula:
RIR2 (1) R and R2 aré Fﬁ/ sel ected fromthe
group consisting of |ines pbr anched Cl - 20 C36
al kyl, linear or branched CZ-C3g al ken substi tut ed
or unsubstituted C4-C36 cycl oal kyl, G%stltut ed or
%ggl'atgs% Ib.%eﬁ%lg e%e@ﬁse?e;c?grfgid;?ﬂ% gltoﬂk) ?gr(ﬁ%t}né of linear or branched C,

20 Cse alkyl, linear or branched C»-Css alkenyl, substituted or unsubstituted C4-Csg cycloalkyl,

substituted or unsubstituted Cs-C3¢ aryl, substituted or unsubstituted Cs-Csg heterocyclo,

structures:

(Q)m
e

11
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WD 2009/ 076091PCT/ US2008/ 085204 mis an integer
of 1 to 8 and each Qis (O (R9)(R1L 0), wherein each RO
w@n9B1d09i s | ndependently sel ected fromthe grewpUS2008/085204
consi sting of hydrogen, hal ogen, linear or branched
Cl-C36 al kyl, linear or branched C2-C36 al kenyl,
substituted or unsubstituted C4-C36 cycl oal kyl,
BUs t tintegel of 1utas Bbaidi eacheQ S5E0B%)ERY), witsiéin each Ry and Ry is
indepe n’c}s Isélggtgcij o éqgfg%ggé térgsgszxgg%t@?qggggﬁa{ gécn; :118925 or branched C;-
0 ear
S %rﬁ{é%%d o P RS RACBE AR oRA-CBY cycloaliy
substitugddkarnpbybssitibed CE—(H3<eafyb and sshstistted artvedueAit@2d Cs-Csq heterocyclo;
cycl oal kyl, substituted or unsubstituted C5-C20 aryl,
substituted or unsubstituted O heterocycl o; and
10- R12CO2R13, wherein R12 is | i near or branched
Cl1- C20 al kyl or al kenyl and RI3 is selected
fromthe group consi sti near_or branched Cl-C20
al kyl, linear or branc am{enyl substi tuted
or unsubstituted C4-C20 xycl o4l kyI substituted or
[ , tituted or
unsubstituted C5-C20 heterocy¢l®; provided that R12 is
not -CH2CH2- or - CH2CH(CH3)-.' 15R3 and R4 are
WHQ%WHQQE&W&&FH@&%E@ gl E%hﬁﬁn%%d&%@ﬁ' SlylsBY }ﬁfogen H, linear

hydr ogen, linear or branched Cl | I"'ear or
or branc!.hedr(élk@m adigyl (igeaa ok drapichedsGb6bd alvensd, sibstitmdbartunsulbstititted Cy-Cao

eyeloaighy saBu e B Wb RL S Py TRl O chustiied CoCa
heterocpdlg;umur es: rQN(Qm ( N- R1 1 Q

—R12COzR 13, wherein Ry, is an linear or branched C;-Cy alkyl or alkenyl group, and Ri3

is selected from the group consisting of linear or branched C;-Cyg alkyl, linear or branched C,-
Cyo alkenyl, substituted or unsubstituted C4-Cyo cycloalkyl, substituted or unsubstituted Cs-Cag
aryl, substituted or unsubstituted Cs-Cyy heterocyclo; provided that Rj, is not -CH,CH,- or -
CH,CH(CHs)-.

R3 and Ry are independently selected from the group consisting of hydrogen, linear or
branched C;-Css alkyl, linear or branched C,-Cs¢ alkenyl, substituted or unsubstituted Cy-Csg
cycloalkyl, substituted or unsubstituted Cs-Css aryl, substituted or unsubstituted Cs-Csg

heterocyclo, structures:

Q

o N—"Ru

T ;

wherein Q, m and Ry; are defined above; and —-R;2CO,R 3, wherein R, and R;; are

defined above.

12
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20wherein Q mand R | are defined above; and
-R12CO2R13, wherein R12 and R13 are defi ned above. WD

W@ D9HHe091PCT/ US2008/ 085204 R5, R6, RIT/asmosAiBs204
are i ndependently selected fromthe group consisting
of |linear or branched Cl1-C36 al kyl, |inear or branched

C2- C36 al kenyl, substituted or unsubstituted C4-C36
®ycReaRkynd Ryibet independently welsetbd thidnuttkel g@rp@&hsi%mﬂk of linear or

s R L0 SR e 0, BT R o
cycloall, | ib&@htely df Oﬁ%ﬂbﬁltétehncga'@ﬁ eﬁgf)dém&futedt he ﬁng%%‘f‘tgted Cs-Css

are positioned on t centr rrng tn
heterocpdsiand bpdnogtmtprarddedithetatieast bugr of Rs, Re, RoTdrel Ryyis noshydydgen.

Tt RO ey e Al b Eedzty Biscpinrahaprydtiscare in an 13

posmmpfelgyv@m@g&%%rczo al kenyl . In one enbodi nent, the
g%c Oalkiﬁu aryl, and heterocycl o groups nay be

psy¢loa awl,t andzheitérnexnlo groubs mw@dsub:sntm:bﬁ with hilkegéns, linear or
branche% ?Q‘? alquofg?ll% r.’!\? crgnri gra&ﬁlbe%f lCe %20 al En %r Ourgbodlment the

cycloall@ﬂb@@ll NEHt hetefdo¥yQb gr&q)sa;hky lbe s%bb’tﬁﬁﬁéh’wﬁﬂ %l 2Rk ¥k branched C;-C,
aryl or heterocyclo groups may conprise one or nore

alkyl grﬁt;we rﬂmlwmegén@mb@aelfem@dfmthgrgwm wosisiisg ofﬂj ©f BN,and I.

es at exa
o Riment, SRR S0 iS4 BB 5P B erneylgeroups may
compride@ne & anpé heteﬁ)a&inﬁs’ﬂdegimed%orﬁ &l@d‘@l’@ﬁﬁ cONHRAG T DD, %Hél 5N
radi cal containing from1l to 36, g. from 15 1

Bopresentatiys expmpies of . alkyl grupsyPr usst hfyq:m fpr @tp}bpg/the R groups include,
for exarillgfée% %é}gfnr@fl bé&ﬁd&gggmﬁﬁ%éﬁ%rtb? cﬁ%h%&%oe{l cﬁﬁ%’rﬁ%{mfn 1 to 36, e.g. from
1 to 20,rcapsomt atbms,i s paethyll,, etlyl Sn-girdpsi, hI}LM&&Mdthyla(nﬁ)pft@yW n-butyl, isobutyl,

mxt es a soners thereof, and the I
sec- b“tﬁeﬁr?‘eélé?ﬁ byl ﬂgréqné@ygaenml KBIRFRLYYr t5apRNLYlg 1, irégnethylhexyl and
hexyl, e'&errﬁix@urtigén@ﬁgmglfs tﬁ%@ R ﬂéﬁféqg( include, for exanple, a
strai ght or branch ?1 ar ocar bon chai n radi cal
Bopreseintrtivg ekarople® of mlkatﬁyl geoxgzs for v hen Portany 20 thecR I‘ghﬁjps include,
ene, 2- met hyl - propen

t .., ,ethyli |
for exarfpie ey sraiefir apphe kR on gt rac}*r?%hcap@gu%gq&oms%{ﬁé@ e.g. from
2 t0 20 tdﬁﬂfoﬁ‘%ﬁ@mﬁ L &RBylidess; prgﬂérﬁil aj ﬁﬁﬂé'll g?(ﬁ)%ﬁglls bgr oﬁlabélﬁenyl hexenyl,

include al'l'yl” and nethylal I’y
etc., mixfayes apd esqmnerﬁﬂteeedoam the Hnltknd §uahn dlkﬁmyyl grmqtsud&zy also 1nclude allyl and

iy SEOAL 0P ab L b S B LSSt aiaeny

groups, @ﬁaﬂk@fyl gwhpy&@trataﬂte@lwglfoqgs Ry of the R groups 25
i ncl ude, for exa , stituted or unsubstituted

Repigeeniasine eepcnmnlg;smfoqnchoaikyl moure f9r use dwredn tfor 2 of the R groups

include, CI% QQ%%QB% °§[ﬁyst1§rt Or u%sy%?tg ng(s: ﬁgaﬁam%i}paé It%ﬁéx?/g from 4 to

20, carbﬂmezttbmls égg|®bbl§uiyl @}%@dﬁéﬁﬁyﬂ)t Wclolféi(ﬁl' %%Et‘hkfl cfléhexyl, n-dimethyl-
xtures and isoners thereof
Cydomﬁ@p?“@élé’ﬁtcﬁ? Pb@XYéx%bxmﬁ%fcyakwty@rmpmlxtgres g isneneh thereof, and
for any of the R groups include, for 30exanpl e,
the like. _ . : . .
substituted or unsubstituted aromatic rings containing
Repyenchtative 8Gmidegof drybgrobpd for 26k herein for any of the R groups include, for

example, substituted or unsubstituted aromatic rings containing from 5 to 36, e.g. from 5 to 20,

13
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WO 2009/ 076091PCT/ US2008/ 085204 car bon atons, e.g.,
phenyl , n-net hyl phenyl, n-di nethyl phenyl,
wo2mbhydophenyl , benzyl, naphthyl, tetrahydronapttiy$2008/085204
i ndenyl , bi phenyl, etc., mxtures and isoners thereof,
and the |ike. Represent ati ve exanpl es of
het erocycl o groups for use herein for any of the R
carbon gtomkp €.gi.,tengle ni-rﬁ@thyll@henyfl,Qﬁ-dﬁﬁﬁﬁﬁbﬁenﬁ,ubéﬂ{glﬁ%ﬁﬁ, Bénzyl, naphthyl,

nsubstifuted rings containing fromb5 to 3 e.g. .
tetrahydyppegthy tnge@d’, bighemybreia: Hhwures apd isomgrsrthergpt, andithe like.

gggfr?g{}ggf\{%;&{ajﬂﬂié’sl of het?ri%ca/éall? gg&%s?ggﬁgé Rl fofr.oarng of the R groups

ere’is an a enzenedi amn
includehiaviudg, fonexhmphailsabstiRed or winsutstitutédl riapsl chiRaming from 5 to 36, e.g.

| ndependent |y selected. fromthe group consisting of
fromshﬂg&?rb{'}}la[ﬂnéﬂéﬁe @YIG?EWQYCWW Ylhear or branched

2 oh QoA fof WRahblel HRGe ¥ af3RYRRL § UL : i

cycl oal kyl, sdbstitutgﬁ’or %nsﬁ%gtltu%%ggé%g%gédgﬁﬁp?hawngthe
formulasubstituted or unsubstituted C5-C20 heterocyclo; and

R3 and R4 are indepﬁndently sel ected fromthe group
consi sting of hydrogén, |inear or anched Cl1- C20
al kyl, linear or brgnched C2-C20 a| kenyl, substituted

or unsubstituted/gnN!rO N\Eybstituted or
unsubstituted G& C20 ary¥; NSubst MRyt ed or
unsubstituted C5-C20 heterocycfjo; and 15 R5 and R6
the group consisting
of |inear or branched-CI=X0 -4l Ry I i near or branched
C2- C20 al kenyl , sulféti tuted or undtmosti t(lived C4-C20
cycl oal kyl, substituted or unsubstituted C5-C20 aryl,
whereirs Rpahd Rytaeel imtepetidentl$ tselettee drdeb tKe2 Bronptehsisted 6f BAGhr or branched

%%d{ gen, provided that at |east one of R5 and R6 is
Ci-Cao plisy »ﬁ%@ro@ebraanwd&aeC@naémyhewb,sutm@daqaidmmbsaﬂéed C4-Cao cycloalkyl,

substitugé;d?ﬁlﬁ%éﬁtﬁwl %g%%? i e,g%@s@tﬁ?eﬁiemq{llg% te(il1 gg—(g{)] ﬂetlgr(socyclo; and R;

e sane s such as a branc
and R4 amebindapehdmhtlgl sklebted fromp tHeagtong cSnsigding of 4k Bd@en,dineal Kybranched C;-

substituted 5 t arhon aryl group. Simlarly, R3
Can alkGh el i rapehedh € el st SHbsORERA e houbseizat Gmbny Fycloalkyl,
bstitufdd drudnahsHRiky LD -G8 :
substi usubst i tSuent ’ Suga@ié{; éryh;bgg g%ﬁ%gd Bpuﬁ%stgrﬁtgplgsa%oﬁterocyclo, and
Rs and Raearalikddpandsuntly, Bldbedzzomdhargrow basisting dfdinean or branched C;-Cyg

average, a nitr n content 25 from about, 2 to_ about
alkyl, lirgea{‘Ne gmanﬁ%f'({: é??f {Ov\fﬁ%‘y , é_uégt}tut,eﬁ ofh ABsihstigited; Gyt cycloalkyl,
substitufell ¥ u%ub@tﬁtufeﬂom-ﬁlg@ lel?yl,%éasﬁﬁﬁéi{!f%#?gé@osﬁtﬂéd %’5-@23‘511%%rocyclo and

on the total weight of the a
hydrogen, prayideddhetcit desishene of Rs and Rg is not hydrogen. In one embodiment, R; and

R4 are preferably hydrogen.

In one embodiment, Rs and R¢ are the same substituent, such as a branched or
unbranched alkyl group having 3 to 6 carbons or alkyl substituted 5 to 8 carbon aryl group.
Similarly, R3 and R4 may be the same substituent, such as cyclohexyl or 1,3-dimethylbutyl, and
Rs and R¢ may be the same substituent, such as hydrogen.

Preferably, the alkylated 1,3-benzenediamine has, or has on average, a nitrogen content
from about 2 to about 15 weight percent (wt %), e.g., from about 5 to about 11 wt %, or from
about 5.5 to about 10.5 wt %, based on the total weight of the alkylated 1,3-benzenediamine.

14



WD 2009/ 076091PCT/ US2008/ 085204 I n one
enbodi nent, the al kylated 1, 3-benzenedi am ne of the
w@emseninoi nventi on has the general formula: PCT/US2008/085204

wherein RI, R2, R3, R4, and R5 are defined above, and

R14 is selected fromthe group consisting 50f Cl-Cm

al kyl, C2-C20 al kenyl, C4-C20 cycl oal kyl, C5-C20 aryl,

& dn€emBainieit, ethe eyigilated 1,3-benzbied@ifin€ WIQREE PBRREAt fbéntion has the

al kyl ated 1, 3-benzenedi am ne of the present invention
generaldgunylpe general formula sel ected fromthe group

consi sting of: %VI VO R,

2009/ 076091PCT/ US2008/ 085204 whergin mand n are

i ndependently 0, 1,12 or 3, R39 RA9 R5 and R6 are

I ndependent |y sel : ‘ consi sting of

linear or bran&ded Cl - 7 linedts or branched

C2- C20 al kenyl, substitjuted of| unsubstituted C4-C20

cycl oal kyl, substituteg substituted C5-C20 aryl,

substituted or unsubstititie O/h'ét erocycl o and

hydr ogen, provi dedsthat at | east &ne of R5 5 and R6 is

not hydrogen; and Rg, and RO are ||ndependently

sel ected fromthe group consisting,pof h&ﬂ?ogen,

hal ogen, l|inear or branched C -Cm al kyl ;" tinear or

. branched - al kenyl ,, substituted or, unsubstituted _
whereirgl S R P 93 B2 Seacs S8 b Rigrs SHETFE PR hegraponsising
; it td d
o Y oSy oD T e erBoa nent . R Gr MG are B host”
gﬁé ?g@gﬁg?ﬁeﬁ&r&lg% e glikr}@ég%ch 1{"5%@@%%%1@%36&& Brd2@1tA86Lhtion has the

general Tor3aule sl evtediframi the gafuptdoasigtireseit i nventi on has t he
general fornula selected fromthe group consisting of:

n m n
Rs Rs
Re Rg
N N N N
R3/ \R4 R3/ \R4
Rs Re  (IV), Rs Re (V), and
Rg Rs
Rg Re

15



10

15

wherein mand n are independently integers of 0, 1, 2
or 3, p and g are independently integers fromO to 18,
wanR3PIR4, Rg, and RO are independently sel eptBUSIND8S204
t he group consisting of 15 hydrogen, hal ogen, I|inear
or branched Cl1-C20 al kyl, linear or branched C2-C20
al kenyl, substituted or unsubstituted C4-C20
whereircChrabh KlYé indepdigiehfly 0ed, Dior BRRIPRY R&Jhl&ﬂRgfar@ﬂﬁeﬁd‘rﬁdkmly selected
and subst| t ut ed or unsubstituted - C20 heterocyclo.
from thesigroup, copsistipg A ]:qgear QR drangh %91 feo glkﬁ]aﬂlggzgrpr br ed C,-Cy alkenyl,
0 U 8/ apot
st T BRI el Stk S0E iRbsugd OCap eyl
substitupsdesrensubstitatetl i QRChdstdroey ciremed Ay drbgennpravided eet adleast one of Rs
fromt rou onsi sting, of : erein mand n_are o
and Re js s ﬁ’é( HH)@%’E’I aﬁ‘p 3 pnd %9 G¥C SldeReq nthy, S‘?q Py the group gpnsisting of
varR a n n .
rycroecf bAOEyhindl,u B0 80, 2 HERENI B ed CrCon sty
substitubeall og@nsubstituakr CaCab rcanlohld(gll Gub@[tu&ldkgﬂ pndubstitatedo€s-Cyg aryl, and

hed, C2- bst t ut ed unsubsti t
substtuR g5 TS R . Cot Hetorheibadinb pig, AERBLETARY B ot tecsg both not

hydrogeflllr MitheRBFbsiHIRG! z!trfdl{t’\geﬂa?[)e YRglelst.i tuted C5-C20
eterocycl 0. I n ‘anot her "enbodi nent, the

Rl;qtmre@nhod&nb@n zlmwd&ylatﬂdnle%bbnzdmedlpnmnf therjwesent gnvention has
the generglsfé)pg}l %gpes{eg n;fg!r@ups%%f:s iSS O£r om the group
20Q9/ 076091PCT/ 82008/ 085204 (XI 1) Wher ein p

&t € ndependl ntegers from and

Re ers of 1

(VII) and (VIII)

wherein m and n are independently integers of 0, 1, 2 or 3, p and q are independently integers
from 0 to 18, and R3, R4, Rg, and Ry are independently selected from the group consisting of
hydrogen, halogen, linear or branched C;-Cy alkyl, linear or branched C,-Cyg alkenyl,
substituted or unsubstituted C4-Cy cycloalkyl, substituted or unsubstituted Cs-Cag aryl, and
substituted or unsubstituted Cs-Cyo heterocyclo. Either or both Rg, and Ry may be a halogen.
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or 2, and R3 and R4 are independently selected from

the group consisting of hydrogen, hal ogen, linear or
wheapotwoli C1- C20 al kyl, linear or branched C2-¥20US2008/085204

al kenyl , substituted or unsubstituted 5C4- C20

cycl oal kyl, substituted or unsubstituted C5-C20 aryl,

and substituted or unsubstituted C5- C20 heterocyclo.

[ asdthed embedinrde thé atkeladdinl 3theazélelitnahedf the present invention has
ben sgfdl am ne of the present invention may have

the genpqqgqu@,q ectedrirqm shesgipup eensisting@ft he group consi sting
of formulas (1)-

I'11). I'n an exenpl ary enbodi nent

di am ne, s
-di al ky1-1,
1 4 6- dllsobutyl
y subﬁltuent IS s&s€c
CI C20 al kyl, C2-C20 al ke
cycl oalhy Ch-. C20 aryl, and C5- C20 5hetlg

HEXRD) gd 1, 3-benzenedi am nes o ent
(F)r?ventl on include” ¥lit M) wed limited to: N ERG (X)

N3-di cycl ohexyl-4-nethyl- 1 ,3 -benzenedi am ne; N
wherein maandi wjrelindepgpdentlyd, Hy 2 or 3, x 3 abimtesen Sdimadines, add Rs, Ry, Rg, and

5 Ryare m%gpgg%ef%l& es)%Gge(eé]fr% ﬁgylo erip %ons%gﬂg gﬁéﬁ}ggﬁzrﬁ Eal%&i:n hnearl\clg branched
C1-Cao alN?l dineychioh@xdkd4Ac]-6Qbalketlyl, shbstituRanzanRabsamitee C, N, cycloalkyl,

substltuted or unsubstituted Cs-Cy aryl, and substituted or unsubstituted Cs-Cyq heterocyclo.

In another embodiment, the alkylated 1,3-benzenediamine of the present invention has

the general formula selected from the group consisting of:
\(g/ \;)f \(E( ) ®
N N
~
N N R
\ 3
R3/ Ry

(XD,

10 (XID), and

17



10

1 Odi cycl ohexyl-4-heptyl- 1,3 -benzenediamne; N , N3
-di cycl ohexyl-4-ethenyl- 1,3 -benzenedi am ne;
wogob87adcycl ohexyl- 4- propenyl - 1, 3 - benzenedi PEnUSE08/085204

; N, N3-di cycl ohexyl-4-isobutenyl- 1,3 -

benzenedi am ne; N , N3-dicycl ohexyl-4-butenyl- 1,3

-benzenediam ne; N ,N3 -di cycl ohexyl-4- heptenyl -

1,3 -benzenediagi nei Nl , N3 -di cy<l Xy1l-4-benzyl- 1,3

- benzenedi am ne; , N3- dicycl ohexy1-4-furfuryl- 1,3

- benzenedi am ne; , N3-di cycl ohexyl-4, 6-di methyl- 1,3

- 15benzenedi am sxy1-4,6-d|ethyl-

1, 3 - benzenedi am ne;

di propyl - 1,3 -benz nedlanlne
, N3- dlcyclohexy1-4(§ N3 - benzenedi ami ne; N
, N3- di cyclohexyl 4, 6-[diiso

,3-benzened|an1ne N

sobut enyl-6-i sobutyl 3 N

, N3-di cycl ohexyl-4, 6-di , 3 -benzenedi am ne ;
N, N3- dlcyclohexyl 4, 6- d|ethe yI

-benzenedlan1ne J 1- 4, 6-di propenyl -
1,3 -benzenedi a

20N| N3- di cycl ohg

-benzenedlanlne \\\ 4 %butenyl- 1
3 -benzenedi am ne; NI , N3- dlcyclohexyl di hept enyl -

sty o R B D S
or 2, and, 133 andORNZE ﬁﬁdﬁp@ﬂéﬁﬁy sNecﬁe&Kﬁ'(ﬁ'ﬂl %él@ﬁﬁ @Bﬂslstﬂigr[ﬁ‘tﬂgl}zﬁogeﬁ halogen,

-benzenedi am ne; di cycl opentyl-4-

linear oy bgancb@queﬁ?ed 12 d@eml or N@n@hedy@j Gneaikqn_yl,zlsupstapgcﬁ or ]unSubstltuted
C4-Cyp C)Blenz A%k bgﬁug orwﬂs%ﬂ%ﬁ%&%{% gﬁxﬁn r}/dl S‘}%§€%ﬁf¥%ﬁ’r urif}lléstltuted Cs-

Cyo heterb8ienedi am ne; , N3 -di cycl opentyl 4- heptyl 1,3
- benzenedi am ne N3-di c tyl - et hen 1,3 -
Kehowelddwi %ﬂ?ﬁehséeod\lthat s alkily 92.L&n4dlpm@1¢e the pregnt invention

SRy

Ih, & edvemyayemhisodiment, e alkxﬁa’ted 1,3-benzenediamine is one of the following
di cycl opentyl-4- heptenyl , 3 benzenedlan1ne N
formulasing- dlcyclopentyl -benzyl - 1,3 - 30benzenedi ani ne; N
urfuryl- 1,3 -benzenedi am ne; N
di met hyl - 1,3 -benzenedi am ne;
ntyl 4]6- dlethyl- 1, 3 - benzenedi am ne;

(XIV); XV);

18



di cycl opentyl- 4, 6-di propyl- 1, 3- benzenedi am ne; N
, N3-di cycl opentyl-4, 6-di butyl-1, 3- benzenedi am ne; N
wQ M9dreoyc| opent y1- 4, 6-di i sobutyl-1, 3- benzenedP@nUsmps/085204
NI ,NB-dicycIopentyI- 4-i sobutenyl-6-isobutyl-1,3
- benzenedi am ne ; NI
, N3- dlcyclopentyl 4 6-di heptyl-1, 3- benzenedi am ne; N
] 3- benzenedam ne; N

am ne;

3-benzenediawiqihwb,

4-isobutyl-1, 3-benzenedi am ne; NI
[am ne;

nedi am ne;
- benzenedi

(XIX); or

dinethylbutyl) 4, 6-di butyl-1, 3- benzenedi am ne; N
, N3- (1,3 -dinethyl butyl)-4,6-dii sobytyl-1,3- 20
benzenedi am ne;
NI, N3- (1, 3-di met
benzenedi am ne; N
-di et hyl butyl) - 4,
, N3-(1, 3 -di met hyt'b
- benzenedi am nE; NI

, N3- (1, 3-di net hyl but y1) propenyl- 1, 3- benzenedi am
ine; N ,N3-(1, 3-

dinethylbutyl)-4,6-

-1, 3-
N

-benzenedlan1ne N
-di met hyl butyl) - 4
s NE,N3-(1,3 -
25di met hyl but y1) - 4, 6- di benzy1-1, 3- benzenedi am ne; and
NI, N3-(1,3 dlnethylbutyl) 4,6-difu furthX} 3
-benzenedlanlne ; NI

, N3- (1, 3- d|nethylbutyl)-4-nethy1-1,3-benzened|an1ne;
NI, N3-(1, 3- 19

-dlheptenyl 1, 8- benzenedi anm ne




10

15

20

25

30

di met hyl butyl) - 4-et hyl -1, 3- benzenedi am ne; NI , N3-(1
, 3-di met hyl butyl) -4-propyl-1, 3- benzenedi am ne; NI
wQ MN901608t di met hyl but y1) - 4- but y1- 1, 3- benzenedi eani/ng20b8/085204
, N3- (1, 3-
di met hyl butyl) - 4-i sobutyl1-1, 3- benzenedi am ne; NI
, N3- (1,3 -dinethyl butyl)-4-heptyl-1,3 -
&leeﬂé@nedli aeenblliamines  may 1nclude N',N°-dialkyl-4,6-dialkyl-1,3-

(1, 3- d| mat hyl b t 1 -4-ethen 3- benzenedi ani ne; L3
benzenépqlammg, (SllC a 1cyclohexyl 6 dlalkyl 1,3-benzenediamine or N',N°-

dlcycloﬂ(kg}? éll?%%%%—% ;3| Qr%&ai‘m#lg o b’Pl?eg %%2@1% kgms%'t\lllent is selected from

the gro@ﬁ@@is@s't’ﬁ@ﬁ)f m%sm%@&m%mmﬂﬁddyamaﬂ@l NEs-Cyp aryl, and Cs-Cog
QTS 1 3 -di met hyl butyl) - 4- butenyl1-1, 3 -benzenedi
heterocksipne , N3- (1 3-

ﬁk&ﬁ%lla)’}’ Ql‘l%g ﬁBrbg: 5‘[1%111121]:% @fetTAé ‘%H%@h@fﬂv@&u!}“ include, but are not

limited ttenzl‘édﬁddmmlnhﬁﬂyl 4:hhylt],3- benzenedlamme N'N? -dicyclohexyl-4-ethyl-1,3-
benzenedﬁ@n et hyI IQU{\Iy%i cyclofhlél)g}tlul rv>ropyI ?3 %ggeznee 1eagr{mea m r%\% JEId1cyclohexyl 4-

butyl- IQLH@& ) - 4, R 63 3 3
uty (éﬁ:éhﬁ%ﬁl?fe}m t hyﬁbgut Q%}QY(%&}/I 24 %Bﬁt‘?f‘ ?% @é&gfedulmme NN
dlcyclob@yt-éd@ptyé-th3°rb¢nzened1am1ne N'.N° d1cyclohexy1 4-ethenyl-1,3-benzenediamine;

N! N3-c{\| Wgﬁﬁ%}]’l-%g%(pgg)télhyg %léttl%/en%dlgm?nedl PT ORI\H\? 1cyctf§hne§<(}e/{]$-?slo%utenyl 1,3-

benzenéﬂila[fﬁlhe,y | Wth-alrcﬁelﬁthyb-mNﬁerﬂqu ﬁ@&é@xﬁ%‘%ﬁ%“e’wmﬁ -dicyclohexyl-4-
N3-(1, 3- di et hyl butl)b/lél41 -4,6-dilsobutyl-1, 3-

heptenylhd riz benaeneiamiae; NI N @my@loh@i’{yﬂ‘ét-bwllzblut 9b)enzbnled1am1ne NUN3-

deyclo GBS PR et ey 1 S Bt B -1

benzendliarNge{ N'N%: @ibjmbl'i%yllméyd&ﬂﬁl b 3chekaRAMNING N' N°-dicyclohexyl-4,6-
_benzenedi am ne X

dipropyhd ,3xbrnggnegiamings hbeN%*ﬁlc)YC]&hﬁx)dr“p@-dM il ¥bendsoediomigt  N',N’-
dicyclofffilie, #’Lso?ﬁ%-@wa.er@% Sy 1Y T3S Bar gl e -sobun

1,3 benzdkﬁd(ailmﬁe Ni tlfa;yblbh&wl% GldﬁepltlyblllBelﬁéﬁbénealamme N',N3-dicyclohexyl-
benzenedi ani ne ;

4,6- dleth%nlerét%WBe{l%ﬂiammee di Fﬂeéﬂ etgnclahexyl-hordiniopendrt, hbengenediamine;

NLN? dut%}l%ngﬁ% yﬁb4 6- dilfobztlteély(lj 1be enzinefhaémge,nzeneé\l dlc)ﬁclohexx +4,6-dibutenyl-

1,3- bentdih,e&fan(lﬂg,?; - diNTath &kjaclblyék)ylA @dlﬁbﬁtﬁﬁ}ﬂdry—bénz%nedlamme NN
n In one Hb30
dicyclofGRy BAEr SR o “DEnBHRGIHIEFon compi ¥ U e i 6 Gfarfuryl-1 3

benzenetdYﬁnlﬁé wm%c%ﬁ{g@-g%et% B1 @g%ﬁ%gl% aﬁ'Ph@eSNs RP %?cty%%pentyl 4-

from the structur oun éd ‘above
ethyl-1,Sibehzemediomings  may NEHphctopentydidgpropylat, B{bemienbmamme NN

dlcyclo%el)lgff 4{-@ ntgllrfé:%%%p%gmnel leﬁﬂ; %E]cey?:tog%nqtgle-%-qqpugflil 3spenzenediamine;

N!,N>-d Ryl 4-Heptyfi 3%&{1%@&%% odi menty! {h }
wg]@}é?lesgsl ﬁtyﬂ di cycl ohexlygb4 6- di |}golgutamgb%b§{t9l “4-ethenyl-1.3

benzene@mzlgﬁ,e ghﬁq djgy(dmdsnlkyl -Aprogienylel, b-hew;cmediammb uNéNy Hideclopentyl-4-

1sobuter§r?ﬁ%‘t Mér%e&edl%ntl)lglgze;k?% §10§&986r§y114 E}qw\,\g}lﬁloﬂ% brfg%elngdlgrrn%g N'N-
dicyclopentyl - hepushy@n306knZBRddsamias; | ndi cat ed NbWQhC}Iclf@pentyl 4-benzyl-1,3-

present invyention is directed to novel alky

benzeneﬂlagnﬁ%n%ﬁbdil%crr@ntydrﬁp’@tﬁmé ldebenzstediaminet &?’ul‘é ndicyclopentyl-4,6-

dlmethyg'l gmaéﬁ‘%ue r(}i?ﬂ%&g‘m 2\?1@5 H}?@oﬁéﬁgﬂei‘g%l ng%cl lugi %ﬁlazenedlamlne NN

2, 5-toluene diam ne. I n such enbodi ments t he tol uene
di am ne has the general fornula: 25

20
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R3 (XXI') WD 2009/076091PCT/ US2008/ 085204

wherein RI, R2, R3, R4, R5, R6, and R7 are defined
w@bmwye7eopr ovi ded that the am nes are positi oneRCDUSI00E085204

central aromatic ring in an 1,3 position relative to

each ot her. In one enbodi nent, the al kyl at ed

benzenedi am ne conmpound is derived from 2, 6-tol uene

dicyclogé@m-nge-di t—hﬂb‘eﬂz&e@ﬁﬂﬁﬁ‘edl am neN' RAQihRPpkR®1-4,6-dibutyl-1,3-
Y genglura f%?ﬁﬂ RICH3R2 || NN XXI'1) d\}h@efe{ﬁﬁ Y

benzenq:@amp@g? N-%N mgyclpquntgrﬂﬁ-ﬂns@uéyld]e% peagnedianine; N'.N dllcmclopentyl-
4- 1sobu9é?1§%§??osogﬂt n§ belggﬁ ﬁ%ﬁlg?teegl grennﬁgﬂleﬁm -acH]cyc?open{W 9fl“gqglheptyl 1,3-
benzenédarnizichyW. ISII3 -ambelﬁpﬁﬂﬁm,amlaﬁényaﬂ@» béehdttarginge N N>-dicyclopentyl-
4,6-dipIo%£:1gr}llJll-la,lé-benzenediamine; Nl,N3-dicyclopenty1-4,6-diisobutenyl-1,3-benzenediamine;
NING -dicyclopentyl-4,6-dibutenyl-1,3-benzenediamine; N',N° -dicyclopentyl-4,6-diheptenyl-1,3-
benzenediamine; N'N° -dicyclopentyl-4,6-dibenzyl-1,3-benzenediamine; N'N° -dicyclopentyl-
4,6-difurfuryl-1,3-benzenediamine;  N!N° -(1,3-dimethylbutyl)-4-methyl-1,3-benzenediamine;
NLN?(1 ,3-dimethylbutyl)-4-ethyl-1,3-benzenediamine; N',N°~(1 ,3-dimethylbutyl)-4-propyl-1,3-
benzenediamine; N',N’-(1,3-dimethylbutyl)-4-butyl-1,3-benzenediamine; N'.N3.(1,3-
dimethylbutyl)-4-isobutyl-1,3-benzenediamine; NUN3(1,3 -dimethylbutyl)-4-heptyl-1,3-
benzenediamine; NIN3 -(1,3-dimethylbutyl)-4-ethenyl-1,3-benzenediamine; NIN3 -(1,3-
dimethylbutyl)-4-propenyl-1,3-benzenediamine; NN -(1,3-dimethylbutyl)-4-isobutenyl-1,3-
benzenediamine; NUNC-(1,3 -dimethylbutyl)-4-butenyl-1,3-benzenediamine; NUNC-(1,3-
dimethylbutyl)-4-heptenyl-1,3-benzenediamine; N'N3-(1,3 -dimethylbutyl)-4-benzyl-1,3-
benzenediamine; NIN3 -(1,3-dimethylbutyl)-4-furfuryl-1,3-benzenediamine; NING -(1,3-
dimethylbutyl)-4,6-dimethyl-1,3-benzenediamine; NIN? -(1,3-dimethylbutyl)-4,6-diethyl-1,3-
benzenediamine; NI,N3-(1,3-dimethylbutyl)—4,6-dipropyl-1,3-benzenediamine; N'.N3-(1,3-
dimethylbutyl)-4,6-dibutyl-1,3-benzenediamine; N',N°-(1,3-dimethylbutyl)-4,6-diisobutyl-1,3-
benzenediamine; NI,N3-( 1,3-dimethylbutyl)-4-isobutenyl-6-isobutyl-1,3-benzenediamine; NING-
(1,3-dimethylbutyl)-4,6-diheptyl-1,3-benzenediamine; N' N3-(1 ,3-dimethylbutyl)-4,6-diethenyl-
1,3-benzenediamine; N',N’~(1,3-dimethylbutyl)-4,6-dipropenyl-1,3-benzenediamine; N',N>-(1,3-
dimethylbutyl)-4,6-diisobutenyl-1,3-benzenediamine; N',N*-(1,3-dimethylbutyl)-4,6-dibutenyl-
1,3-benzenediamine; N! N3 -(1,3-dimethylbutyl)-4,6-diheptenyl-1,3-benzenediamine NIN3 -(1,3-
dimethylbutyl)-4,6-dibenzyl-1,3-benzenediamine; and N',N*-(1 ,3-dimethylbutyl)-4,6-difurfuryl-
1,3-benzenediamine; N’ N3-(1 ,3-dimethylbutyl)-4-methyl-1,3-benzenediamine; N’ N°.(1,3-

dimethylbutyl)-4-ethyl-1,3-benzenediamine; NUN-(1 ,3-dimethylbutyl)-4-propyl-1,3-
benzenediamine; NI NG -(1,3-dimethylbutyl)-4-butyl-1,3-benzenediamine; NIN3 -(1,3-
dimethylbutyl)-4-isobutyl-1,3-benzenediamine; N'.N3-(1,3 -dimethylbutyl)-4-heptyl-1,3-

benzenediamine; NI,N3-(1 ,3-dimethylbutyl)-4-ethenyl-1,3-benzenediamine; NI N3 -(1,3-
dimethylbutyl)-4-propenyl-1,3-benzenediamine; NLN-(1 ,3-dimethylbutyl)-4-isobutenyl-1,3-
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NRAR2 (XXI11) 10 wherein R, R2, R3, R4, R5, R6, and
R7 are defined above. WD 2009/ 076091PCT/ US2008/ 085204

wo moan7@senpl ary enbodi nent, the al kyl at ed PCT/US2008/085204
1, 3- benzenedi am ne derived fromtoluene is one of the
foIIovvlngforrruIas ------ Ao WO
2009/ 076091PCT/ US2008/ 085204 Exenpl ary

benzenalidyinat ed N! 3Pkeszdinediyibuityipd- tdﬂdsnw-ng-Bdframdchﬁmmee of N' N*-(1,3-

dimett R R S hohute: | DU SR 1ot Lt st
benzened\ﬁmn%d' Cylg" R‘a?l(%]dléleﬁfymdtyl?ﬂfﬁffﬁy}h 1,3 benzenediamine;  N'N°-(1,3-

ben Z eneal am ne;
dlmethylhmybmcwimuhxlym ~ébepzan1p§hm=r)2m]et hiyil,N°11,3-dimethylbutyl)-4,6-diethyl-1,3-

benzen %rzl%g:glzwcﬂ grﬁlﬁ)ézl\qm?bq{%lg I4og1 Slp¥opyl 1b3u£3/ lz_er%edlammgl NN3-(1,3-
dimethylbutyl)-4,6-dibutyl-1,3-benzenediamine; N’ N°-(1,3- -dimethylbutyl)-4,6-diisobutyl-1,3-
benzenediamine; N' N>-(1,3-dimethylbutyl)-4-isobutenyl-6-isobutyl-1,3-benzenediamine; N' N°>-
(1,3-dimethylbutyl)-4,6-diheptyl-1,3-benzenediamine; N',N°-(1,3 -dimethylbutyl)-4,6-diethenyl-
1,3-benzenediamine; N',N°-(1 ,3-dimethylbutyl)-4,6-dipropenyl-1,3-benzenediamine; N' N°-(1,3-
dimethylbutyl)-4,6-diisobutenyl-1,3-benzenediamine; N'N°-(1,3 -dimethylbutyl)-4,6-dibutenyl-
1,3-benzenediamine; N',N*-(1,3-dimethylbutyl)-4,6-diheptenyl-1,3-benzenediamine;N',N>~(1,3-
dimethylbutyl)-4,6-dibenzyl-1,3-benzenediamine; and N' N°-(1 ,3-dimethylbutyl)-4,6-difurfuryl-
1,3-benzenediamine.

In one embodiment the invention is to a composition comprising a mixture of two or
more alkylated 1,3-benzenediamines selected from the structures and compounds identified
above. Such mixtures may comprise a weight ratio of two different alkylated 1,3-
benzenediamines of, for example, from 5:4 to 4:1, e.g., from 5:3 to 3:1 or about 2:1. In an
exemplary embodiment, the mixture comprises N'N’-dicyclohexyl-4,6-diisobutyl-1,3-
benzenediamine and NI,N3-dicyclohexy1-4-isobutenyl-6-isobutyl-1,3-benzenediamine in a
weight ratio from 5:4 to 4:1, e.g., from 5:3 to 3:1 or about 2:1.

In various embodiments, as indicated above, the present invention is directed to novel
alkylated 1,3-benzenediamine compounds derived from toluene diamines. Suitable toluene
diamines include 2,6-toluene diamine, 2,4-toluene diamine, and 2,5-toluene diamine. In such

embodiments, the toluene diamine has the general formula:

|
N N

R3/ \R4
Rs
Ry R6

(XXI)
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di cycl ohexyl-4-isobutyl-2-nmethyl- 1,3 -benzened
amne; N 1 ,N3-dicyclohexyl-4-heptyl-2-nmethyl- 1 ,3
wo bmppmoedi ami ne; NI PCT/US2008/085204
, N3-di cycl ohexyl-4-ethenyl-2-nmethyl- 1,3
- benzenedi am ne; NI , N3-
di cycl ohexyl-4-propenyl-2-nmethyl - 1,3 -benzenedi am ne;
MherdN8 RG] Ry,CRH mﬁlel Ky, 280 Rt 88 Yifided AbAREDRWAGed thé the amines are

-benzenedi am ne; N
positionadzuidhe gentesh és@yqaiwrmgtle@yﬂ Ppositiantelatiye g each other.

T

diaminé (2emetllyl- ,IJSSbe:hzerddllﬂima&)/ahdéhab ezgeherd] formula:
met hyl - 1, 3- benzenedi am ne; Nl
, N3- di cycl ohexy1- £ ur f ur {13 2- meffayl - 1, 3- benzenedi
ani ne; N1, N3-di cyc] ohexyl44-nethy|l -1, 3- benzenedi an ne;
NI, N3-di cycl ohe - 6- nebhx\-l 3-
benzenedi am nryN
, N3-di cycl ohexyl-4-pro bt hyl - 1, é benzenedi am ne;
NI, N3-
5d|cyclohexy1 4- but Y <6
N1, N3- di cycl ohexyRs4- |sob tyI
1, 3- benzenedi ani ne ; NI
5 NINS ﬂlisfzycl ohexyl-4- hept y1rg- net hyl - 1, 3-&%6enedi am ne;
Whm@udkgyglqu&yms4Q§bmpnyé36hﬂﬁ§&y&ﬂ@,3 benzenedianine;
cl ohexyl- 4-propenyl - 6- net hyl -
Irb@tpngﬁb@{@ﬁntn giemlkylated benzenediamine compound is derived from 2,4-toluene

diamine g?vmg%&y%%%xgm gl o>but %X%he%e%‘é}rta?}‘orfn%ls benzenedi am

, N3-di cycl ohexyl- 4- but egwi- 6- nR{ hyI 1 3 benzenedi am ne
NI, N3-di cycl ohexyl-4 hepten*l
nethyl 1, 3-benzgnedi ani ne;
, N3- dlcyclohexyl N7

, 3- benzenedi ani ne;
6- Fet hyl -

.-r-thyj 1 3- benzenedi ani ne;

N , N3-
di cycl ohexyl-4-furf et hyl - 1, 3- benzenedi am ne;
N

, N3-di cycl opent gt 4- pr ofpy1l- 2-

] /;hyl 1, 3- benzenedi am ne;
NI E N3-di cycl opentyl- 4-

put yl - 2- met hyl - 1, 3- benzenedi
amne ; N , N3-
dicyclopenty1-4-isdhﬁf?lfifmpthyl-1, zenedi am ne;
NI, N3-di cycl opentyl-4-isobutenyl-2-

10 whereimidt, Ry) R4 R3; ReReemebR amiec defidd above.
, N3-di cycl opentyl-4-propyl-4-nethyl -1, 3-benzenedi am ne
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15NI

, N3-di cycl opentyl-4-butyl -4-net hyl -1, 3- benzenedi am ne;
WONR009AZ 0 cycl opent yl-4-i sobutyl-4- PCT/US2008/085204

nmet hyl - 1, 3- benzenedi ami ne;

N1, N3-di cycl opentyl-4-i sobutenyl-4-nethyl-1, 3- benzened

i am ne;

M ari\laxe(rﬁpﬁydérﬂ&tmmutnelalkﬁat@atlfmﬁerﬂzeﬁemﬁﬁ@r&ﬁwmm} toluene is

dlnethylbutyl) 4- et hyl - 2-

one Ofth@fﬂkﬂl"\mlg frpwsenedi ami ne; NI
, N3- (1, 3-di met hyl butyl) - 4- prqpyl- 2-
ianine; NI
, N3- (1, 3-di net hyl butyl)-4-butyl-P-nethyl -1, 3-benzened
ine; N ,N3-(l1, 3-di et hyl but y1)- 4-

t hyl -1, 3- benzened

3 dlnethylb tyl) 4- propenyl- 2- net hyl

N3 di met hyl but y1) - 4-
met hytf - 1, 3- benzenedlanlne N

TN N
dlneth IbutyleXIKbpten 1-2-met hyl - 1, 3- benzen (XXV)

25(1, 3- dlnethylb ) -4-benzyl-2-nmet hyl -1, 3- benzenedi a
m ne; Nl , N3-(1, 3-dj net hyl butyl) - 4-
, 3- benzened| am ne

Ibutyl) 4- et hy Y hyl -1, 3

1) 4. propyl 6- et benzenedi am ne| N
et hyl butyl) - 4- buty
9 enedlanlne

»enzenedlan1ne
1, 3- dlnethylbutyl) 4- heprﬁi 6- e .-beﬁigqed
g NI, N3-(1, 3-
beutyl) 4- et henyl- 6- net hyl - 1,
\ M3- (1, 3- di met hyl but &_4 propenyl -
2009/076091PCT/U82008/

6- met hyl - 1, 3- benzenedi am ne; N

, N3- (1, 3-di net hyl butyl)-4-i sobut enyl-6-net hyl -1, 3-
benzenedi am ne; N

, N3- (1, 3-di met hyl butyl) -4- butenyl-6-nethyl -1, 3- benzene
diamine; NI ,N3- (1,3

-di met hyl buty1) - 4- hept enyl- 6-net hyl -1, 3
-benzenedi am ne ;N , N3-(1, 3-di net hyl butyl)-4-

(XXVID);
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benzyl- 6- net hyl - 1, 3- benzenedi am ne; and NI , N3-(1,3
-di et hyl butyl)-4-furfuryl-6-nethyl-1,3 - 5

whenzenedi am ne. Processes for Form ng Al kyl atBdr/Uus2008/085204
1, 3- Benzenedi am nes The present invention also
generally relates to processes for formng al kyl ated
1, 3- benzenedi am nes. I n one enbodi nent, the process
conprises al kyl ating an

4t the 4 andMop6 posi ti onsH hereo
herein, the tefm al kyl ati ng or al ky
Naddlng a substjituent that mainly cohp
i a\8 Wquure Thi s i ncl ugeés; ,
i m addlnq4an al kyl grouyp, 15 al kenyl “group,

group, aryl group or |heterocyclo group. In

or m ng

ni tration of benzen€WVH)ni triv~aci d fol | oved by XXIX),
hydr ogenati on. I n one enbodi nent, [ [ [
a 20 multi-step al kylation pro
1,3-benzenedi am_ne. In this enbodi nent,

t hat begi ns w
the 1, 3-

The resulting
3- benzenedi ani n

ta ytlc hydrogenati o
25 ring of the

i am preferably at the

: the final

N, N -di a fylated-4-alky@atxﬁ-1,3- exedi anl ne (XXX

product, or

N, N - di al kyl at ed4, 6-di al kyl at ed- 1, 3- benzenedi am ne

product. In the first alkylation step, the al kyl ated

1, 3-benzenedi am ne internmedi ate may be created using

either a reductive alkylation or alkylating through a

catal yti c hydrogenation. Processes for 30 reductively

al kyl ating 1, 3-benzenedi ami ne with an carbonyl

conpound are disclosed in Abdel- Majid, A F. et al.

61 J. ORG CHEM 3849-62 (1996), the entirety of which

is incorporated WO 2009/ 076091PCT/ US2008/ 085204

herein by reference. Those skilled in the art wll

recogni ze that adjustnents in stoichionetry, reaction

time, and reaction tenperature may be required to

achieve the desired reaction with varying starting

mat eri al s. Suitabl e reducing agents for such reductive

al kyl ati on processes include, for exanple,
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5 sodiumtriacet oxyborohydri de (STAB-H)
sodi um cyanobor ohydri de, borane-pyri di ne,
wae@oR0y¥/ NaBH3CN, Zn/ AcOH, NaBH4/ Mg( C104) 2, PCT/US2008/085204
Zn(BH4) 2/ ZnCl12 and bor ohydri de exchange resins. In one
enbodi nent the first al kylation step enpl oys STAB-H.
In such reductive al kylation processes, the carbonyl
ound nmay co [ an al dehyde havi ng the genera
formul a: 10 or one having the general formnula:
0 R16R16 wherein 5 and R16 are selected from any of
I n one enbodi nent, R15 and R16
sel ected fromthe group consisting
nched Cl-C20 al k 15

2 clbpﬁntyl cycl ohexyl ,
Cs- C20 aryI and [C5

cyclobutyl cyclopentyl, cycl ohe
e soctyl. I n one enbodi nent ,y e ke
| sobut yl ket one (M BK), 20 met hyl
, cycl opentanone, or cycl ohexang
S enbodi ments, the reductive al kyl aN ’
us& one or nore sol vent&X8lit abl e sol vents i ncl ude,
for exanple, xylenes, 1-2-dichlgrqethane,
tetrahydrofuran, and acetonit

T xxxamy;

3- bepzenedi an ne and N
008/ 085204 de Kot One af A~
fm 25C to 80C, e.g., m 40CF o 50C Br

(XXXIV); or

Exemplary alkylated 1,3-benzenediamines derived from toluene of the present invention

(XXXV).

include, but are not limited to: Nl,N3—dicyclohexyl-Z-methyl-1,3-benzenediamine; NLNA.

5  dicyclohexyl-4-ethyl-2-methyl-1,3-benzenediamine; N'N° -dicyclohexyl-4-propyl-2-methyl-1,3-
benzenediamine; NING -dicyclohexyl-4-butyl-2-methyl-1,3-benzenediamine; NING-
dicyclohexyl-4-isobutyl-2-methyl-1,3-benzenediamine; N'N’-dicyclohexyl-4-heptyl-2-methyl-
1,3-benzenediamine;  N! N3 -dicyclohexyl-4-ethenyl-2-methyl-1,3-benzenediamine; NUN3.
dicyclohexyl-4-propenyl-2-methyl-1,3-benzenediamine; N! ,N3-dicyclohexyl—4-isobuteny1—2-

10 methyl-1,3-benzenediamine; NIN® -dicyclohexyl-4-butenyl-2-methyl-1,3-benzenediamine;

26



10

15

20

25

30

In anot her enbodi nent, the first al kylation step
i nvol ves a catal ytic hydrogenation in which
wd 2®@9bmogenedi amine is reacted with an car bonyPCT/US2008/085204
compound, i.e. aldehyde or ketone, in the 5 presence
of hydrogen and a hydrogenation catal yst instead of
t he above-described reductive al kyl ati on process. In

NLN°- cﬁ&ycﬁotﬁﬁﬂwhejﬁeﬁyl 21m3thk91=-m zsetsb@a%@mmn@n dN'é l\é cﬁ@}fchﬂl&(ﬂ/l 4- benzyl -2-

ound are reacted presence Of en and

methyl-iyichagomskimineat al AN -yl hexy i neAayH Sea e benzenediamine;

NLNG- (%f}@/ hatd aéﬂg% Eg%sp?ngﬁecﬁgrgﬁgﬂg d%\frﬂgncﬁc%cg@?e%gﬁ 5f-ethyl-6-methy1-l,3-

benzené‘tﬁ&rﬁﬁh@ar y aNi Néslicydisheld- éﬁgﬁbbﬁﬁrﬂaﬂyl 110bBnAyedlamine; NN
catalytlc hydrogﬁnatlon e carbo é’ ngmund may
dicyclobexybirtpsylmmgthyéfl yideenzanedigininge  ginBlr 4l gy Lt lsebutyl 6-methyl-

L3-vengomifl NS AR AR LT BRRER o PE R Rl B

dicyclohiedyil-Aedhalydgancthyl- I;B&Jeﬁidmedhlaﬁ‘ﬁlﬁﬁ,, R15 Nine- Hil‘f}clah@(yl -4-propenyl-6-
i ndependent |y selegted fromthe rougﬁcon& sting

methylﬂ&n‘éedxzelaﬁdl%maﬁcheal dii -doxrleheryl-4-130bHieayl- 6@%@%&%@@261@1&“%

NN o%r ﬁ?ga‘%égit i%ﬂééh{}-&%%ﬁll%’ Bé@%h‘%?{é%tnﬁ% N} Igf%ﬁgégei%pg l4-heptenyl-6-
methyms;-mﬁemdyammam N5-die30lohet ydrdobarzly b6-nishyleln3beyzen&lismine; N' N>-
dlcycloﬁl glaﬁg@{y? égs%gbtl ,grlgg%rzénrgﬁla&géz w;&pglgg%l&gqngyl%p@pyl 2-methyl-
1,3- ben%}i&ifahﬁgé‘t yl ’quythi%?ﬁ%éﬂtyl @-M&tlygbgrﬁéf[h%rl P?-@eﬁf&%@@h}ﬁmne NN

cyclooctyl . I'n”one enbodi nen one may
dicyclopdnyd- 4-wpbuhybéﬂn«ahyinle3 b@nzemyd;ﬂam anohe N’ dlcyclolsutyﬂ Abrs@)utenyl 2-

methyl YRR HEn, um DoN U Py b o T Behzencaiomine
N' N3 G@fchdpsaity-4-Huly 10N H&fﬁ:necﬁsﬂﬁm‘éat YRt dR9BRpéSFB4-Asobutyl-4-

supported catal yst, Ihe cat al yst support may cong)rl se,
methyl4l gr-benzemstiamingar anN diayaiopentykisabatenyl-4-methyl-1 benzenedlamme;

NGBS B G amines N iyt 2

methyl-Ny3db&aeRaidrie nefet @b -Minhth @Bt ) pripl1- Bfl‘ne'ihyl 1,3-benzenediamine;
pressuri zed reactor. In one enbodi nent the rgact

N’ N (;br3e@1§1§>ﬁé’élbwlt)ﬁ nopl-2medud- Iid-beprssediamine kP Nof(1,3- dm'ethylbutyl) 4-

B e I T T
benzendigh@eabN/ Nzaqlgﬁamﬁétbﬂb@t@ﬁ-ét oth3RQ-nketis]-g,3-bdnzomedddfine; N'N°-

(1,3 dlmethylbugl)oi-p];orp%rrlr;f112 gl%tﬁy? 1,3 gglzenedlamme N'.N3-(1,3-dimethylbutyl)-4-
isobutenyl-2-methyl-1,3-benzenediamine;  N',N°-(1,3 -dimethylbutyl)-4-butenyl-2-methyl-1,3-
benzenediamine; N!N° -(1,3-dimethylbutyl)-4-heptenyl-2-methyl-1,3-benzenediamine; NIN-
(1,3-dimethylbutyl)-4-benzyl-2-methyl-1,3-benzenediamine; N'.N3-(1,3-dimethylbutyl)-4-
furfuryl-2-methyl-1,3-benzenediamine; N',N3.(1,3-dimethylbutyl)-4-methyl-1,3-
benzenediamine; N',N°-(1,3-dimethylbutyl)-4-ethyl-6-methyl-1,3-benzenediamine; N'N>-(1,3-
dimethylbutyl)-4-propyl-6-methyl-1,3-benzenediamine; ~ N',N°-(1,3 -dimethylbutyl)-4-butyl-6-
methyl-1,3-benzenediamine; N'N3-(1,3 -dimethylbutyl)-4-isobutyl-6-methyl-1,3-
benzenediamine; N',N°-(1,3-dimethylbutyl)-4-heptyl-6-methyl-1,3-benzenediamine; N',N>-(1,3-
dimethylbutyl)-4-ethenyl-6-methyl-1,3-benzenediamine; N',N°-(1,3-dimethylbutyl)-4-propenyl-
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As indicated above, in the first alkylation step, the

al dehyde or ketone selectively adds to the prinmary
waniope7a@eoups of the 1, 3-benzenedi am ne and f oPEEUS2008/085204

secondary am ne internedi ate conmpound. It would be

expected that continued al kylati on of the

i nternedi ate, whether by reductive alkylation or by

6- methﬁymibg@iéa&dlgﬁmewoul d si mNt N31(Y 3s@hRetylbig)1y-4ad6biddnyl BEmethyl-1,3-
ni trogen 3N|%os|t|ons of th

benzengdiamingj alNk a&le’ddlm%h)dbmbrﬂe@@tamﬁlrﬁe@etmlﬂ érbﬁntzquiwamye NN

. am L an C
(1,3—dmgé(;%ﬂ%gﬁys)é%\l}%l?tgrg}?l-égr%%th ?Wflﬁé}lﬁ%&% g’t : Cdﬁ y’fal]egggn&é h&lbutyl) -4-
benzyl-6fmdsh¥- 1 8libahienddidmand) e Bz N Na Bahmet}@ruueﬂ) aIferﬁMyﬁ-lﬁ methyl-1,3-

an carbonyl conpound, i.e. aldehyde or ketone, results
benzengdiamiBeect i ve al kyl ati on of the benzene group rather

than al kylation on the am ne groups, as shown below in
Processphfor Fonpimgi Allsyilate Eengenedanning |cular t he

£ 15 f y
S B SRS il le: S 300 E B govtrd 1.
benzend@RHRESNTn Y epabodahiéR, Hebsbidsy @ompeiedd myllahh%@ughwtdlalkylated-
this application. WD 2009/ 076091PCT/ US2008/ 085204
13 bensmed@ml@e c dmsorylategrpien rmgfefa&ly epapasasalegeting the N,N’-dialkylated-
1,3- benEé/ dn0a8 9“1@1” Pk hg@l'\%‘ g[léfﬁ) d aé/n giﬂ%'h?de be ﬂ BHE dén%%ogen under

errre late 1 ncC ones aVI ng t

catalyué hf/cﬂl@‘gbﬂwloﬁtcbﬂdmtiﬁﬁéffeoﬁlvd edwyaa:thahyl diRylhidah@b&reend ring of the N,N’-

formul a: 5and ketone having the general fornmula: 0 11
dialkylatedz] 3pbemzenediamine, preferably at the 4 and/or 6 positions thereof.

As used herein, the term alkylating or alkylation refers to adding a substituent that mainly
comprises a hydrocarbon structure. This includes, but is not limited to, adding an alkyl group,
alkenyl group, cycloalkyl group, aryl group or heterocyclo group. In one embodiment alkylating
may refer to adding a cycloalkyl or aryl group that is substituted with an alkyl group and/or
contains one or more halogens or heteroatoms.

The process for forming 1,3-benzenediamine is well known and may involve nitration of
benzene with nitric acid followed by hydrogenation. In one embodiment, the invention is to a
multi-step alkylation process that begins with 1,3-benzenediamine. In this embodiment, the 1,3-
benzenediamine is alkylated in a first alkylation step to form the N,N’-dialkylated-1,3-
benzenediamine by reducing each amine. The resulting N,N’-dialkylated-1,3-benzenediamine is
then alkylated in a second alkylation step by reacting the N,N’-dialkylated-1,3-benzenediamine
with an carbonyl compound using catalytic hydrogenation to selectively alkylate the benzene
ring of the N,N’-dialkylated-1,3-benzenediamine, preferably at the 4 and/or 6 positions thereof,
to form the final N,N’-dialkylated-4-alkylated-1,3-benzenediamine product, or N,N’-dialkylated-
4,6-dialkylated-1,3-benzenediamine product.

In the first alkylation step, the alkylated 1,3-benzenediamine intermediate may be created
using either a reductive alkylation or alkylating through a catalytic hydrogenation. Processes for
reductively alkylating 1,3-benzenediamine with an carbonyl compound are disclosed in Abdel-
Majid, A. F. et al., 61 J. ORG. CHEM. 3849-62 (1996), the entirety of which is incorporated
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wherein R15 and R16 are selected fromany of Rl1-R8
defi ned above. In one enbodi nent, R15 and R16 are
wo padepaogent |y sel ected fromthe group consi stPamUS$008/085204
l inear or branched CI-Cm al kyl, linear or branched
C2- C20 al kenyl, C4-C20 cycl oal kyl (e.g., cyclobutyl,
cycl opentyl, cycl ohexyl, 10cycl oheptyl, cycl ooctyl),
herein @rc@x@n@é Y Tho@NekilGat o2e bt ®ilPEaBLMize ke |a§ﬁ@ﬁﬂléhts Al &oichiometry,
and R16 are fused to forma ring conpound,
reactiort {igleplgd yeaction demperatyd mayybd stqeicgd to @yl@mmél}ﬁ §1¢s1red reaction with
The nol ar ratios of al dehyde or
varying #%lﬁ%ﬁia%rﬁlsl\r di al ky1-1, 3- benzenedi am ne i nternedi ate

S”abtaﬁle rédueifgdagentsofol :shch @ediwctivé alkflatioh prOcebsed, infludé, Mexample,
2:1.to 1:2. In_ such cat all%itl cé@c}/dr ogenatl on sui tabl e
sodiumpy #iasgerraborehydrideal ¥STABHE| u Iyglride,  borane-pyridine,

T1(01Pxﬁ1 Eﬁﬁ <t a{\b\%@l—kj W%é%ﬁm@gm %@H%/%’n@(l:zd%nldrgo?éhydnde exchange

resins. GoRE erﬁb@dlmeﬁuha tﬁilrstatkywioal syeptemplbyes SPABHY St support
conpri se, rexanp carbon, alumna, silica,
g{ilﬁ}p}h drgfllpqt)(ygt %lgylagplé processes The %l?(g}y}tqo(gnpound may comprise an

aldehydg}{g(,&ggﬂ@%é&pal%nﬁtﬁg internediate is preferably

carri In a pressurized reactor, which preferably
has a pressure greater than 220 KPa, e.g., greater
than 375 KPa or 20greater than 650 KPa. In terns of
ranges, the reactor optionalgy is pressured at from
100- 30, 000 KPa of hydr o,gen/e 4 ©00-10, 000 KPa or
3, 500-5, 000 KPa. The tenPerature sof the catalytic
hydr ogenati on preferably ranges from 20C to 300C,

or ketore Ispvingf theo ges0@ foom@BOC or from 120C to 220C. In one
enbodi nent, the catalytic hydrogen to al kylate the
central aromatic conponent & the internedi ate may be
carried at a higher 25 tenpgfature than the catalytic
hydrogen to al kyl ate the pridrary am nes. The hi gher
tenperature WO 2009/ 076Q9TPC™JS2008/ 085204 nay be
greater by an anount of "rom 10C% o 100C, e.g. from
25C tao 75C or from 40C to 60C.

wherein Rs and Ry¢ are selected from any of R;—Rg defined above. In one embodiment, R;s and
Ris are independently selected from the group consisting of linear or branched C;-Cy alkyl,
linear or branched C,-Cyy alkenyl, C4-Cy cycloalkyl (e.g., cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl), Cs-Cyg aryl, and Cs-Cyg heterocyclo. Optionally, R;s and Ry¢ are fused
to form a ring compound such as C4-Cy cycloalkyl, Cs-Cy aryl, or Cs-Cpo heterocyclo.
Exemplary ring compound include cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and
cyclooctyl. In one embodiment, the ketone may be methylisobutylketone (MIBK),
methylisoamylketone (MIAK), cyclopentanone, or cyclohexanone.

In some embodiments, the reductive alkylation process may use one or more solvents.
Suitable solvents include, for example, xylenes, 1-2-dichloroethane, tetrahydrofuran, and
acetonitrile. Solvents may be removed from the reaction mixture, for example, by rotary
evaporation or other conventional separation techniques.

The mixture temperature and duration may vary widely depending on the compounds

used. For example, the reducing agent may be added to the mixture of 1,3-benzenediamine and
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In one enbodi nent, the reaction of carbonyl conpounds
with 1, 3-benzenedi am ne involves two separate
w@aioabyidr hydr ogenati on process. Such a proceBSI/Isz008/085204

conprise providing a 5 first and second car bonyl

conmpounds fromthe al dehyde and ketone fornul as

defi ned above, wherein the first carbonyl conpound is
aldehyd@iKefte@nt tdhgdtatuRtefrs8CBnd 16 020NN ., FOMRMNCds 5HPC BR8bout 35°C, for

enbodi nment, the first carbonyl conpound may be a
1 hour ted0dwars, e ta SN1aBKS oM IS hawyrg| opent anone, or

By A Al B SBE0Rr SR BM g TR BB i
which IQ3byiAhet iR is ThRteli wish arf adrbomyl lcof@onRlAg. AlgchyRidG ®6tone, in the

with 1,3- 10 benzenedi am ne conpound under the ) )
presence Afdrxdrogenngng: a Juidragcartiaro pdiplyslomstead ol ibe abpwysrdescebed reductive

L —
reacted ihetheipleddiiGe afty@Rbgemraad dehydederainon ecatalsst.s 8iwtilat he the reductive

Anternmedi ate conprises two secgndary anm nes. Next, the .
alkylatign, PEFEsE dp%g?men%%mgﬁdhqtsarg @H@fﬂ@é@y ®ntthe pHEogen atoms (i.e., having

' 3 j .3 e catal ytic 15hydrogenati on
seconddégh%ﬁﬁgf#gglgg?ﬁ%g%m%égbve to formthe al kyl at ed

In Sudkenztelyddi lgrirogenatiorn aha caltnyhgompgemb mady tanprideaan aldehyde

. el ected.fromthe group consisting of: R15/R15 R15

having the gengrghforgle: 121pCCH  wherein R15 and R16 are defined

above, Z=H, and a=0, 1, or Z» It should be understood

that when a is 0 or 1 thereel y be a nmultiple bond

between C and the respectivelR group. In sone

enbodi ments, the process gﬁ/Q$ua I nvention selectively

al kyl ates solely at thel4 H.

or ketone having the general formula:

(o}

O

N

Rig

R15/

wherein Rjs and R are selected from any of R—Rg defined above. In one embodiment, R;s and
Ry¢ are independently selected from the group consisting of linear or branched C;-Cy alkyl,
linear or branched C,-Cy alkenyl, C4-Cy cycloalkyl (e.g., cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl), Cs-Cyg aryl, and Cs-Cy heterocyclo. Optionally, Rys and Ry are fused
to form a ring compound of a C4-Cy cycloalkyl, Cs-Cyg aryl, or Cs-Cyy heterocyclo, e.g.,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl. In one embodiment, the ketone
may be MIBK, MIAK, cyclopentanone, or cyclohexanone.

Suitable hydrogenation catalysts include platinum, palladium, rhodium, ruthenium,
osmium, iridium or nickel catalysts. In one embodiment, the catalyst comprises a supported
catalyst. ~ The catalyst support may comprise, for example, carbon, alumina, silica,

aluminosilicates, etc.
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10

15

5 position rather than at both the 4 and 6 positions

of the benzene group. Selective alkylation at the 4
w@omphim may be favored, for exanple, by decreeEsUsz08/085204

t he amount of al dehyde or ketone that is available to

react wwth the N, N -dial kyl-1, 3-benzenedi am ne. For

exanpl e, nolar ratios of aldehyde or ketone to

ﬁdhé\fcafalﬁick}%ﬁhxagf%a@&p 5&@&%@% rb%rﬂe%ﬁ&utt liﬁaan pPosduriRBd Feactor. In one

| ess : | ess than 1. 2: may favor
embodimsnbthickyacaer ispresseted divigh Ik@O -30.066 kllppasc@ls &P ofr ajrdgegen, e.g., 500-

| ar 10 al dehyde or ketone to
10,000@ﬁor815§f)k50®o°{<§ ‘benzenedi ami ne may be from2:1 to

The fteIﬁ‘peﬁh’:t’l:urelc bPhe loatiltid Rydtodenatibn fpidfably2iahgésOfrdm620°C to 300°C,
Lower reaction tenperatures and shorter reaction

e.g., frop € t0625Q°C or o tHBR 18220¥ss than 2 or less than 1
Rg li'llid nftﬁ¥ ?’rs&%ﬂ&?n olﬁysjt% ltlf) ald?h de or l(@to gge[lecttlvgly adds to

enbo uene € nm rn1an a

the prindarg *ahﬁﬂi gll’dﬁﬁ;t amhreel Bem@nediaRineetidfbind€a 3édoyiladyi amfiin® intermediate
catal ytically hydrogenat ed to al kylate the respective

compouggy nEsWBF d1bg exeected] thehsopfinged dkylatien By the @g@ra}emt@ whether by
reductiv®y gfkgfﬁa ﬂt b '?)g R{/c?l)%éﬁaﬁgﬁ %ﬁlcf@ 1'1:9 QLIORel cf Al n& the nitrogen
usi n on

e car ounds Iuene
positiomsex clid WANT -dibliry ated?] ,3-Henrane diandnasto Iﬁcmratemaﬁly Gmntersl uene
m ne, and . xtures thereof ptiopal l ont ai ni ng, - .
f} as gP\e FuaTigREean %@CE%*BG?F o diRd: glpwwegt Jupt catalytic
hydrogénaﬁo@%‘fzﬁ 'T\?ddlﬁl&ln?§ behﬁhxéeﬁﬁnﬁé“mgﬂﬁ Wlﬂhﬁn carbonyl compound,
processes of the i’nvention may f bonds 1 n
i.e. aldehlgde at katbne Gesylte upsddraive abkytetidadf tie bdmeene group rather than alkylation

N,.N -di al kyl at ed- 3 be zenedlanlne The formation, of .
on the aia g{fRE SAPRY PEIGPOTIES RAPHEOP ATHRETS Wﬂé%whs alkylating is
specifict¥ tHJee‘!F h&det fhe 6tﬂb§1tfé"fl§ Bf e BABASERatRS gD }tSi.r ogen that is

avai l abl e to react and/or by decreasing the reaction

Convehiidil Syhthésypper at ur e dixpednd Syathastsi on v danheflimemthef Present Invention
speci fic catal yst enployed,.al so may i npact saturqglon

W0D. 2009/ 076091 PCT/ USZ(N?//EI%SZM Appl i cati ons

Hﬂﬁg conpositions of the present invention nayrbe
ncorporated in a vari ¢ y products for exanplle, to
prove oxi dative stab and/or i nhi bit
¥ adat Rea=0r depos t| dgh TR a pref
enbodlnent, one or t he

nay be |ncorporatedH|nto a fluid that H
othermﬁse woul d be subjegt to oxidative degradatijon.
THUReafic NG 1BAPOT] Ment . |t ubdau@Bhion 15 to a f {iyérogenation
, lubricating fluid, Jconprising a base stock|and a
biI|2|ng amount of at ¥l east one of the

al kyFi,,at ed- 1, 3- benz di angiRne conpositions of t
&sent invention. Pre ably, the fluid co I ses the
kyl at ed- 1, 3- benzenedi m ne in an anDunt _suffficient

QPO tyo’ﬁ conpr|3|n 2 -:‘: one base stegk, e {9/

a base '%\ock of lubricating visegsity, in an |anount

from45 te 99.99 W% e.g., fron80 to 99. 95 g % or
from90 to 99 w% based on the total weight of the

R’ and R3 sepresentanyamitabla subgtityans defzned throyehows ikigiepphication. The
fluid al so conprises one or nore of 15 the al kyl at ed
1, 3- benzenedi am ne conpounds of the present invention
in an anount fromO0.01 to 6 W% e.g., fromO0.05 to 4
W% or fromlto 3 w% baskd on the total weight of
the base stock and the al kyl ated 1, 3- benzenedi am ne.
O course, other additives nay al so be included in the
fluid, as described below In one exenplary enbodi nent
t he base stock S present |n an anDunt fron180 to

NN NN L N7 o - r L o o~ oA a ~



10

15

20

25

WD 2009/ 076091PCT/ US2008/ 085204 where each R, R2,
R3, R4, R5, R6, R7 and R8 are defined above. In
wapbhaosexenpl ary enbodi nent, the invention iBCT/USA08/085204

fluid, e.g., a lubricating oil conposition, conprising

a base stock and

N1, N3-di cycl oal kyl-4, 6-di al kyl-1, 3- benzenedi am ne. 5

Saratiasartvh9k Kop&irkls A8t Yhd SatRIyEs aiydrdgendtlid bf tHedNINP-dialkyl-1,3-

an amount from 80 to 99.99 wt % based on the total
benzenqgg@rgme ipfermeiaty drcduds ldehydp @nd ketones having the following structures:

' I - -dlal kyl-1, 3- benzenedi am ne. The

%‘feﬁgq%}a%ng tggﬁ%e%?lj?‘g’?‘g%‘a| kyl-1, 3- benzenedi am ne

preferably is present in the-fluid in an anount from

0.01 to 6 wt% based on the ?otal wei ght of the base

stock and the N1, N3- I

di cycl oal ky1- 4, 6-di al kyl-‘l/‘,zC enzenedi am ne. 10l n such

enbodi nents, the |ubricBisfng oilHconposition has a

sufficient amount of the al kyl ated 1, 3-benzenedi ani ne

i{1ize the fluid against the formation of

é@dpgést?’?és évf—'“o% {hgﬁgﬁ%ﬁfegnpﬁ% M d- Hi gh Tenperature

Ther no- Oxi dation Engine G| Sinulation Test (MHATTEOST)

i ndi cates that such |ubricatjng oil conpositions my

formfrom1l to 70 ny, e.g., | rom5 to 55 ng, or fromb5

to 35 ng of deposits. Depo 'Q\Rof greater than 70 ny

generally reflect an 1R,/Gndesrraply high level of

deposit formation, while values |less than 55 ng are

: I f [ [ :
wherei QR IR SR ERE AR 8 R ] ol oBOR, 5t Yibodiment, Ry and
Rig arecimdmmﬂemtbnsqleqnéd Wram dwsgmnbmdmsmﬂmlg obflintdreon hmanchedod;-Cyg alkyl,

. formless, than 50 of depos|t e.g., .less than 3
linear qrrgnr?ﬁclhacizlé- -zf)é'l}keaym%é-s(gzo K al%@f‘gﬁgg.ogyc&%@? F)écﬁo ty(L cyclohexyl,
cyclohe%@ﬁ%i@ld&@&lpﬁst@z% BAONRE CRICGT BRERLy N O?E&ﬁ-ﬁy, RW 4RAORE are fused
ase stocKs for the ubricating viscosity compositions
to formarrengsesinepauad, €.g.0oydamitg)cyderentyl caykihskylngyaddheptydi ayelooctyl.
oils, transmssion fluids, hydraulic fluids, gear
@'he smolarantioeoftyltichyde or &iedoae te diPT-diaton-1(B-benzenediamine intermediate
refrigeratjon lubricants, avjation turbine oils, gas
may be {10 i . 8.2l i KU SOt R G0 115 The
&0 EReN Nde IR ERRRAL SuRYAB! hRfloddIRf: i i
_oxidative gtcaglpﬁrlot%y of 6rsga%l|ﬁc n}git? %%ﬁgﬁg{l@?/eca alrl]}c%ﬁs allr#céude platinum,
palladiwubihediunt, cuthenthat, i oseyiumh exdiedn, oramidked reatal geitd. - imdne ethbodiment, the
degradati on. These 25organic materials can be natura
catalySto?&?%ieﬁeq iSEPpoﬁ?as?tgyﬂan qu@e rfﬁfatiilqt AUBPE N3, CPTRESC, for example,
carbon, aluHah] R, al¥ihSS0MQ76091PCT/ US2008/ 085204 f1 ui ds, "
| ubricating oils, greases, and fuels, as well as
dbe eatalytic hadrpganationl oftthe ngeringsliade isf prafedably pawied out in a pressurized

st eering.fl ui hydraulic fl uids, turbine qilsg,
reactor KD (Bkstantt B 4t SuteLienish (0o AR R Phn s T fenS7s Kpa or
greater tHABrG503(R:E , InaBEnd\eRangdsatilBact@ dptionkWPIs fadstiid Riffom 100-30,000
conpositions useful in the practice of the present

KPa of hydregen. 6g-c¥9pt0.6%0 KPagy 3,50 tKR%. 0i | of
' ' f SCOSLEY:: @ 1. Nor ng. of at | o
HELBAULIR 4 AEOBIY B oA AR g P 9% o 300
e.g., frony 80°@ajokiFl0°E b Sibht LEITCSo@QAOEACH étied ¢raigRIimaihtOthe catalytic hydrogen to
alkylate the central aromatic component of the intermediate may be carried at a higher

temperature than the catalytic hydrogen to alkylate the primary amines. The higher temperature

32
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O ls of lubricating viscosity useful in the context of
the present invention can be selected from natura
wo aopioo@di ng oils, synthetic lubricating oils,PeEnus2008/085204
m xtures thereof The lubricating oil can range in
viscosity fromlight distillate mneral oils to heavy
| ubricating oils, such as gasoline 10 engi ne oils,
may ber&reﬁaaby bkl oAt dBomi 108C t@n@)ob@aé/g ety caselseQidrFrom 40°C to
nerally, the viscosity of the oil ranges from about
60°C. 2 centlstokes to about 40 centlstokes especial ly from

bout 4 tlst es t abo t ntlstok S. .as .
r%le é)élle”% mefo éhe reac 10n C é)gg CP{%’Pun Wlt% 1,3-benzenediamine

involveP @6 @ép@bﬁt& basgtlc h @ﬂog@idtwn PEdRSd. Bucl adprodedsl hﬁy comprise providing a
distil]ate fuel 0|I Such distillate fuel o
first angesgeonsgl sabessil |copiporngs fram ﬂlﬁr@@elryﬁie fang rhem?c,fomue@ giefined above,

|
i . P05 80 FpAP T LR 0 e TR REPRBADA coppgunc. 1o on
embodigrat, OtHe, fist &atboand dompwnyd pfnapobel anketbnst saclghd MIBK, MIAK,

and thermal |y and/or refinery streans such as
cyclopegtangne,t qrc%}m}leé@wean%ﬁhf PRFEPE-carbeaKkk aogPQd may dg an aldehyde,

such as%@ﬁ%ﬁyﬁé@ <l}11ee§r ?ﬁtg @eﬁx‘?f#iu];lufgllesﬁ E&j@r 'oﬁf?lagfi_d F f%@@t‘éﬁ' with 1,3-

benzenédﬁmhimde:otﬂ]mand dﬁd;&rrthb eataky!ac gardrdgendttlmmnamd(t@'ﬁls)deﬁnm sbove to form
Mass- to uid 20 fuel s and coal conversion

an interP QI SO e Lk HOP &P lstglﬁr?@”as (CO+ H2) is first

g rated and then conveyted t,nor maR paraf f{,ns by

F?ggher Tropsch procesg. %he norhal/ﬁarafflns1§hn rﬁﬁ%

be nodfili ed by prochgses such as alytic

cracki ng/reformng or| i sonerizatio hydrocracklnb and

hydroi gomeri zation tqyield a vari ty of ’ drocaqbons
sugras T s, Ssycl o- paaf fihs_gf et i
compounds. sul ting FT fuel can b S such

or in 25 conbinaa on with other fuel s and
fuel types: ui tabl e are diesel : et i ved
from plant or™ani mal sourcemd These can b used al one ;

. [ nbi h
L N R Y RNV S ———

amines."BRkt, %e@'@%rﬂ%dﬂ@d@m tomPBURI iB k@icRIdabikly thefint@im &Mt under the catalytic
0. 035% %-me L especially of at nost 0.015% Fuels
tlpm,\gp i

hydrogegiatipn opn 1m0 ehavestoobrm the wikylated 41 5benganedisniae compound

| fur by weight,
having ggg%és’zf {Tmﬁégl\ga%ﬁ ﬁloghﬁl &g&ﬂ) %F‘B{é:%ﬁ% e, 1prpm gr
Iesew mo 2009/ 076091PCT/RJS26GQ8/ 085XR)4 RisQ |'s R%ﬂ
fats dwjved fron1p|ant or animd_faterials aPe

i ncreasiOhgl y findi ngHapplicati onCHs fuel s and,
partlcuﬂar as partial|or conplet replacenentslfor

petr ol e ed mddie distill ae fuel. such

di e such f \Dels are Of uel™sy]
or bIOdIeS Is of uel s may be derlved from many
sour ces nost conmon are the al ky often 5
nmet hyl

su aftd)d he |i K. Thes@(&)g/pes
of f;fl are often refe red to és FAME (fatty aci|d

nmet h esters). tural mjls include aningl,oils
and vegetable oils (e.qg., lard 0|I castor oil); ?
liquid petroleumoils and hydroreflned

solvent-treated or acid-treated mneral oils of the
paraffinic, naphthenic, and m xed

paraf fi ni c-naphthenic types. GO ls of lubricating
viscosity derived from 10 coal or shale also serve as
useful base oils. OQher exanples of oils and fats
derived from animal or vegedable material are rapeseed

oil, coriander oil, soya bean oil, cottonseed oil
sunflower oil, castor oil, olive oil, peanut oil
mai ze oil, alnond oil, palmkernel oil, coconut oil

mustard seed oil, jatropha oil, beef tallow and fish
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20 exanple, lauric acid, nyristic acid, palmtic acid,
palmtoleic acid, stearic acid, oleic acid, elaidic
wa@eiod/o7qoet r osel ic acid, ricinoleic acid, el acoBtBES$1008/085204
acid, linoleic acid, linolenic acid, eicosanoic acid,
gadol ei ¢ acid, docosanoic acid, or erucic acid are
useful and have an iodine nunber from50 to 150,
especially 90 to 125. Myt ures th particul arly
advi a?eous propertig§ are th02% “whi 9h§ ontalﬁ Rie
mai nl .e., at |é&&t 50 wt. % nmetdw! esters of CH
fatty b0|ds wth 16 o 22 carbon 25|atons and 1,
or 3 double bands. TRe preferred | owner aIkyI estersqof

fap??lac ds me | esters _of Nd, N
linoleic 4 ifjnol eni ¢ aci d, ahd eruci H
es of the stated kind are obta ned

Commerci alf m
for exanpiexy eteavage and esterificatik A al
and ggeqe R)oi | s by thejz), 2)a
tnaﬁs erificatiop with | ower |p@at|c alcohols// or
ﬁblrsoduéw on of al esRey s [RﬁsattyR acids, it Rss Ris .
advantageous to start fro fats and 0|Is whi ch . >
contain low | evel s of saturated acids, |ess than_ 20%

whereirsRes iR atecleneshabayg: AcHnaseEr, df on 25k showish be godérstood that when

250 o] ﬁ@?ém%éEeélﬁ%%%@%?@éﬁ?eﬁft%@f%@f BaEdels”

flo
irb??na% o PR IAS hroeE o aha 15 Ror RECRR) Ak ayss wlely at the 4

positiorPfater tiidn AGbeSthE 3%QH 6q5dsRIONS OF 1dHeBidhe %froﬁp'i BeREek élkf.'latlon at the
the fatty acid conponent of which conprises nore tha

4 positign mgy. botayersdt for sxempleaby yieeréamg hietamorgt @ﬁalﬁghwd@t@d@tone that is
. r e [ r are o p
availabfl & Bl ST e, NG A B Kb B el 5 YoM GERBIEE ratios of
aldehydderikease ft6 DN aQiallgll-103-bsegaédihmet@dsehidd:1, &€ less than 1.5:1 or less
believed to be | ess danaging to the envi ronnent on
than 1.3dnust euer menoalkelaion ovi dialldaioa. r Eniswms|al agaseaolar ratios of
e I
aldehydg orrk%g)éxgﬁg %Irﬂ%l dﬁﬁ 9 '{f E@ﬁzeﬁ%}}l%rgm%ﬁé}; fagtr"]rtbﬁqtsfl ‘i? 1bz°ré g., from 1.5:1
to 3:4, pefroml BB Wi K6 | La\tver rfeuﬁlqn tEmperattdesa‘SI&l slfdﬂ’el’ reagtion vietey, e.g., less
ittle _sulfur dioxide is fornmed. Certajn derivatives
than 3, l?ﬁ s haperoatess than 1 ﬁ Qurgmay plsg davag M%Oﬁ&aiaayn
am% r i
EPORPICHIGARAGR, Bk SIERLR bl SR R DIGIARNINEibndiamine
using ajla eshictiveialkylation or cﬂabftleatlbehiydm@‘namldsto alleylate gfet mbpeetive amines of

et g5 2 5t L4 B P L St rin i

the car&ﬁ?fl Q%E&ng'olf theS QY #nk Qﬁﬁniﬂbldeséiﬂaﬁlagw 9ulioludhd YBmine and 2,6-
I'moil, rapeseed oil methyl ester being

tolueneeisqmmﬁaandynmmethewf aitiohally edrgaieingr2, 5-tolacheidiaming may be used to
ble oil derivatives, e.g., mxtures

fonnth?ﬁfkgtﬁ/?efgfg&??% 6B ¥ apeseed oil nethyl ester 15and

RaddmOEhbiminkiils, ®Stpedoesses of theShvEtRSGAy forin’fouBleSooRde in the alkyl
nost conmmonl y used in combination wth

group thattip @fi@‘tﬁrﬁﬂdéﬁ iNs B disilk Watedie3- b@@s@ﬁlamme nkheoferingtion of unsaturated

alkyl grggf r%’ﬁzﬁren ?%\;eo?eci\?egtﬁ %{I n 89 fbﬁp ae%%/e%?mg %ﬁ]e p 1a1 peressurei of hydtrogen that is

availab]leetasrbacﬁ%nd/ftbt dlyedeatdayingtthé eastion Hithe djfofeﬁlpbfaaile roa“tthél réiction vessel.
?O@b and nDst pref erab at | east 95% by wei ght

The Sp Realyit empiaygd glsodugy Wc'fsr%‘ff? bl ant or ani nal

source 20 Synthetic lubricating oils include

hydr ocarbon oils and hal o-substituted hydrocarbon oils

such as polynerized and interpolynerized ol efins

(e.g., polybutyl enes, polypropyl enes,

propyl ene-i sobut yl ene copol rs, chlorinated

pol ybut yl enes, pol y(1-hexenes), poly(1l octenes),

pol y(1-decenes)); al kyl benzenes (e.g.,

dodecyl benzenes, tetradecyl benzenes, dinonyl benzenes,

di(2-ethy|hexy|)benzenes) polyphenyls (e g.,

N | e o s B N | ~ -
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30 class of known synthetic lubricating oils. These

are exenplified by pol yoxyal kyl ene pol yners prepared
wyoopotepmer i zati on of et hyl ene oxi de or propyl BOEUS200&IE85204

and the al kyl and aryl ethers of WD

2009/ 076091PCT/ US2008/ 085204 pol yoxyal kyl ene pol yners

(e.g., nethyl-polyisopropyl ene glycol ether having a
1uﬁ@h§cular wei ght of 1000 or di phenyl ether of

_EB“'EﬁTyethylene gl ycol having a nol ecul ar wei ght of 1000
ifbe wﬁpqsltumd)frtmlgresmﬁ dn\pmtlyn arayheyinearperstasris a veaietsoproducts, for

exanp a xed

exampld, o TG G 0tidaG S5k ander aapLeeepTf o PiasehPigbion. 1n o
preferred! é&ﬁ&l)mm%ﬂ"' Q)"n@ QJr hict dihe dkysedaf3-byvehatiafine composmons of the

Iubrlcatlng oils conprises the esters of dlcarboxyl
inventioyc inghy pg @corppmqqlamt@ zacﬂqyd thate gthﬁm}lsgcww dalpekyzubject to oxidative
degradaz{:(f)ﬁCI T"gcsélalgl: (gnseaangogilrx{%gx érl égi&{ Slesg‘go;giﬂtggf %' Clubmcatlng fluid,
comprisi ibascaGtodk ast PRI GtaBilizéhg laifd0heiof @cidstdioRerof the alkylated-1,3-

mal oni ¢ aci d,  al kyl mal oni ¢ aci ds, al kenyl mal oni.c
benzenqg]@qrg@y wmmsglopgrqfetﬂmy Rseseat dnyestian. ( Prgferay the fluid comprises the
alkylategl- do—%%*]z’eng? éxﬂl%ené n‘{j Q\gﬁ%%/ekxt F(Jeé:t&mﬁ%e E}%lfﬁ&%)ééﬁﬁguhe formation
of deposits) esthtiverto tigy @md c&mq)(gitm@ﬁhousmecallfylﬁie@x dBapdrzsnaliamine.

such esters includes dibuty ad&Pa , %

b 1 m@gd}mgrgbélgeag%venapn HS H%x%/l Yhnad atae ubaln%fél%%/ il composition,

) yI e; fi

compnséx?%gtcl@% Oﬁtg ?g aét%gék gg’ec %E %h)cﬁ Fg?gﬁ%%fll e?%gés Ay in an amount from
45 to 9%9%&6%‘, e.g..tfleem 30ad 99]956’)(194) odfremt%)rtocﬁ9 wi%aohased omthedtotal weight of

e s 1 DL oL 0 bSOt e o
the alk}gété&:‘?b E’é?lgeﬁéﬁ?arﬁ'iﬁle €8mPburdlsRirivd ﬂ%&@l”t‘ Rven@éd Br arﬂégédrﬁ f®m 0.01 to

ul” as synthetic ofls also include those made from
6 wt%, €.t fror@ DD ntorfowtihboxdrdind tac weoabased oh Yl t@taérvwgm loy the base stock

and thegaj%_\?lrgépigﬁppq@pgcﬁ ent %/{;gg?#rﬁe? :(%t]a)e%rr }Vlg alsc? BESncluded in the

fluid, a$ BéRABERBENWN Thioak exemplary ShbédiRRnDRE Qﬁseoétbék B eésedSin an amount
the polyal kyl -, polyaryl -, polyal koxy- or
from 8(hiel 3P Witk ywsil Ricotmeud insangndowit ifiosn-81 ¢ P svikoherade the compound
has theinm rl1er useful class of synthetic |ubricants; such
8% ncl ude 20 tetraet hyl silicate, tetraisopropyl
silicate,Rtetra-(2Rethyl hexyl)silicate,
tetra-(4-frethyl-2-|ethyl hexypshlicate, R
tetra-(p- ‘[lrgrt-buty,L phenyl) si|icate, I

hexa 4<Te tWI‘IR.exyI ) djngi | oxane
pol y t hyl es andrpol y( e squ¥anes

Y
t&ting oils |nclude liquid ésters
jlcresyl
phosphat e, t™N@&ty| phosphat e, ar of
decylphospﬁbnlc acRal) and polgreric Ut rahydRef ur ans.
25The oil of lubricating viscosity can conprise a

Goup I, Goup Il, or Goup Ill base stock or base oil
bl ends of the aforementioned base stocks. Preferably,
the oil of lubricating viscosity is a Goup Il or
Goup Il base stock, or a mxture thereof, or a

m xture of a G oup | base stock and one or nore of a
Goup Il and Goup Ill. Preferably, a najor anount of
the oil of lubricating viscosity is a Goup I, Goup

[11, Goup IV, or Goup V base stock, or a mxture
thereof. The 30base stock, or base stock bl end,
preferably has a saturate content of at |east 65%
nore preferably at |east 75% such as at |east 85%
Most preferably, the base sBédck, or base stock bl end,
has a WD 2009/ 076091PCT/ US2008/ 085204 sat ur at e
content of greater than 90% Preferably, the oil or
oil blend wll have a sulfur content of less than 1%
preferably less than 0.6% and nost preferably |ess
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Preferably the volatility of the oil or oil blend, as
nmeasured by the Noack volatility test (ASTM D5880), is
wo e®s/otdoan or equal to 30% preferably | ess thedr/uU82008/085204
equal to 25% nore 5 preferably less than or equal to

20% nost preferably less than or equal to 16%
Preferably, the viscosity index (VI) of the oil or oil
blend is at |east 85, prefe ﬁbly rgt | east 100, nost
preferably fromabout 105 t§ 140.] Definitions for the
base stocks and base ohl s in thig invention are the
sanme as those found j Pet r ol eum
Institute (APl) p i catd i ne K1 Licensing and
Certification 10 System Servi ces Depart nent
(14th ed., Decenber 1996 dLﬁ‘ﬁ 1, Decenber 1998.
Thi s publ | cation cat egor| Zes k@se stocks as foll ows.
(a) Group | base stocks Lontain\lgess than 90 percent
saturates and/or great &f7 t han 0. d% per;cent sul fur and
have a viscosity index greater than or equal to 80 and

where da%RI,tmam,ll%ORywm BAE R, aRt deTREbdaBlSvespeci fied in

Tabl e 1. 15(b) Goup || base stocks contain greater

equ tﬁEr %ﬁggaté/gelﬁgocﬁﬁfeﬁ n[fle Siﬁ\'}ég\ 1ﬁ g8 1gnf ﬂluﬁfsse% hanluglrlcatlng oil

rcent su ur ve a viscos
composutluhe)coglpeam1gra bhsenstock e N, Nadi8gclaaikiylt 6 slidlkgrl, 13@nzened1am1ne
usi n t net hods spgcified in Ta

The bagg ik ifergifE s Bevter Wftn g emaunt B0 & 93w, based on
the tota?Qveﬁ’Q{tQﬁfﬂle HAtdIERERIN@NHe NP -dibAoAkylefb@ialkA- 03 @@nzenedlamme

per cent sul fur and have a viscosity |ndex greatér th
The N'g¥ @@ﬂd@ﬁékylt‘w ﬂmk)dsll hendenedianinenpefeoaldy sppreséitad thm ﬂu1d in an

amount BP0 01 15 677k PERBSH eIt HEjE Bl6 tpbsiask and the NN

d1cycloétlla<}l|-4J6Qhélkjrl pBJBJ@ﬁzé%&lﬁm%{eOCkS not included in G oups
I, I11, or I'V. TABLE 1 Anal ytical Methods for Base

I$t embedimeptsT sha lubicnions SHt cmrmcéslonstw pspfgient amount of the
alkylate 2 ﬁgt%g%%ﬂ Bﬂ%g))ée]A‘Qt'g '\élta%ﬂz 22e79168ﬂ (etg'o‘asfr-ll_s“(I the Zf% t’Abn of I%ieposrts For

example, the Mid-High Temperature Thermo-Oxidation Engine Oil Simulation Test (MHT-
TEOST) indicates that such lubricating oil compositions may form from 1 to 70 mg, e.g., from 5
to 55 mg, or from 5 to 35 mg of deposits. Deposits of greater than 70 mg generally reflect an
undesirably high level of deposit formation, while values less than 55 mg are generally deemed
acceptable for most applications. Optionally, the fluids, e.g., lubricating oil compositions, of
various embodiments of the invention form less than 50 mg of deposits, e.g., less than 30 mg of
deposits, or less than 20 mg of deposits, as determined by the above-referenced MHT-TEOST.

Suitable base stocks for the lubricating viscosity compositions are selected from the
group consisting of engine oils, transmission fluids, hydraulic fluids, gear oils, marine cylinder
oils, compressor oils, refrigeration lubricants, aviation turbine oils, gas turbine oils, and mixtures
thereof.

The compounds of the present invention improve the oxidative stability of organic
materials, which are subject to oxidative, thermal, and/or light-induced degradation. These

organic materials can be natural or synthetic. These organic materials can include “functional
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ASTM D 3120 WO 2009/ 076091PCT/ US2008/ 085204
Addi tional additives may be incorporated in the
W@ o0poHodi ons of the invention to enabl e t hempOT/TE®DS/085204
particul ar requirenents. Exanples of additives that
may be included in the lubricating oil conpositions
are di spersants, detergents, netal rust inhibitors,

fluids,”MbBERBhE %ilg,ﬁ ed, TRH QS Sas AT 5Ot ORati VM PInbREa? transmission fluids,

oxi dati on i ibitors, friction nodifiers, other

power giterpgr Buaids bydramtid fluids, gasamibige agentanprassoi luheiantaganiomotive and

industri?ﬂ g?%gﬂgggﬁgﬁqfangglfe%aiﬁggef 'oilga ﬁlﬂb@%&ilﬁ%%ﬁ?&sﬁ&ﬁt%ns useful in the
practiceCOMBE PréseRNIventidrNEorRbreR eNnaj ot \WeiunP Bf 63 flebridalhg viscosity and a
contain one or nore ashless dispersants, which

minor gppeit Pl @t \Jease e ebgrzemasidroine ofongayndi haying one ugre mioge  cycloalkyl
. i ' ' | engines, when added to |ubricating
ﬂﬁmuu%@%%?e%éhﬁ@gggggégﬁrsants useful in the conpositions

0Oils b lithieapieieddsitl g€l indthe COMRKI Gfah@ Predént if@Intibh @an be selected
nmer.i c. |l ong chal n backbone havi ng functionag groups
Y

pol dc lon ) kKbone t : .

from naé%rsﬁwbecqimgafg o®indatigduiriceHng ails.i and eaixpusesilergo p bhe Bipricating oil
i call [ ' j . 0 .
o rand B S5y UE SRS OPLL BT R GBSt s oot
engine bids hine@] lubkicating vids, and hegkgi dgy gieapoilsT h@emshilygske viscosity of the
. di spersant can be, for_exanple, selected fromoil )

oil ranggs, fiof) abashPrcentizieksste abgp 4{bcasiedkes, espacinlly omiabeut 4 centistokes
to abouf ISl AideRtd. BeMeRlurbPRT pRE! N hydr ocarbon- substi tut ed

15 nono- and polycarboxylic acids or anhydri des

Thedesd]; futlhs agetrblexyl-bdsed el ioilatspeeiallph rhiddly distdlate fuel oil. Such

. .. _hyd bons; |ong.chain aliphati hayj
disilat ) G5 wensighe POL it eraee s B Vihds SPBL. fit 150 o do0°C
The fueVBNIMA MR RBASIABr PERANSE Dr vamg{dri{i%?di@mlftgnﬁsdgéa ;g%% 8il, or a blend

. | ong ¢hain substituted phenol or mal dehyde
in any puippetiday bEsaighl yaramk theBmell y anddr defpey stmirss isncll asleatalytically

pol.yam ne-der, yatj zed poly al pha-ol efin, dispersants,
CraCke%d@Hh'%rﬁ&%ﬁq ci}l&glaﬁes;' ene/ but ene al pha-ol efin and

Dey erfhpley bediesd) #seslindiudlp $1R AR PropE@d fubBUIFadch¥r-Tropsch fuels, also

preferred are ashl ess di spersants derived from

known gg| K detdut ipchide thotes described! ap gairte-liguidn(@Than hiyals, i kiemass-to-liquid
[ d reacte i.t B pol,yet hyl.ene am n o
(B7L) GERIRS SRR PERSIE o o K TRTR PR TR0, s vt generated
and theh €biaelet Yb abEnd) PatAfhBy a FischePPiopedy plokydseMhe normal paraffins can
pol yam ne, e.g., polyoxypropyl ene diani ne, . ) o
then be  modified| S amiassraes had; a8 ptalybny creekipslisfarmiagg or ispmerization,
j - C ' ' t f .
s T
cyclo-paraffoisnaitd arontiic(Amppahys. s athét sekaldiag D $hdl t dahebe Wwhddnas such or in
. succinjc anhydride groups and reacted with (B) a )
combmm Yy;gb Belpmpongnts agd fheldypesar Alsg) suitplly age diesel fuels derived
| ] I,
from pl%?a%%@E%?du?%. gﬂlp%?%rp Eg lugencg alglng %!r ﬁlg)%lgﬁgﬁﬁbﬁ With other types of
fuel. pol yet hyl ene di am ne and tetraethyl ene pentam ne using

baut, 0. 3 tq. ahout nol es .of (B), ) and/ or ). per .
BRRE: e G5 RisbtHar® SHOerIEHaVS B mitith d 0% by Seight, more
preferatlP 50 aN &os00. 08 98y #BThe SHHRINASE 8Ot (5%, Fuels with even lower
ol yi sobut enyl sdccinic anhydride wth (B) a

levels opeuljiulaks 4l suippbley andhras, fuels gvith lesst thae 66 pberslfoehy awwight, preferably
less th a?Q ﬁ%gfa VWO 20 @/0760 1PCT/ US2008/ 085204 pol yhydri c
ARr e BRE B PBPYhy aPBRY Sibst i t ut ed al i phatic primary
amne, e.g pentaerythritol or
tri snet hyl ol am nonet hane, as described in U S. Patent
No. 3,632, 511. Anot her cl ass of ashl ess
di spersants conprises Manni¥h base condensati on
products. Generally, these products are prepared by
condensi ng about one nole of an al kyl -substituted 5
nmono- or pol yhydroxy benzene with about 1 to 2.5 noles
of carbonyl conpound(s) (e.g., formal dehyde and
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The di spersant can be further post treated by a
variety of conventional post treatnents such as
whemabiem, as generally taught in U S. Patent MOBUS2008/085204
3,087,936 and 3, 254, 025. Boration of 15 the di spersant
is readily acconplished by treating an acyl
ni trogen-contai ning di spersant with a boron conpound,
OHs Qn@?at? %Eﬁ%@ﬁblﬂeplarﬁ(lﬁ%lrﬁﬁ' th&tEri A9 RNingfdasia lyaﬂildhng application
esters of boron acids, in an anount suff |C|en%
as fuelpaml;iidepaitiodarabe partd] dr tcorrmlﬁﬁwem@ceate@m for meérplﬂum deréved middle
for e

dlStlllat% 5“65%%{1) %sndle &Hnnbsglgfeﬁlgcgnlltuglts t ! OT%F g‘mog%e&% £ O “biodiesels.”

Biofuel9 nQa@f bO d@@\%ﬂt frémOmdhy sdrcés. gAmcfrfgofﬁbah@sﬂcoﬂnﬁ&x bfe the alkyl, often
about 0.7 w. % boron. The boron, which appears in the

methyl, mstﬁdi‘u of fatty agidsiextyantet Eanbplants, awdhdagespgseedssuntlower, and the like.

These t eg 6) g ﬁ%( cgi%%gékeg’l)etnl é(l) % PgMﬁgfglgyé Eugd %etﬂ%ﬁ I%Ft{e%)t he

rrm am ne

Nagirateditd @ichid® Sdhdal @flstdhd ddgdemblte oilBae gt,i lard Gﬁ,n ck@or oil); liquid
perforned by adding fromabout 0.5 to 4 w. %

petroleym @yls and Uty droreinegs sgtvent-tigatedpy Beiddgeatsd {nﬁgrmgs fo the paraffinic,
naphthe%?&’ fanﬁ'ng %08 E)Qra?f?ﬁfe 9} nmerﬂfs tﬂ?égor@qu SPF{E % v1s%%5éty derived from

oric acid
coal or ahalé ako @ém‘rg @R usstaplease dﬂan@t}teeakamglem/of bllsamdf fatsnderaed from animal
from about 135C to about, 25 190C, e.qg.,.140C to .170C,
or vegetaple PAGHALYE FPesH ?lg carBer Pily BIRAEAR 0ils entiopsrsd gbly sunflower oil,
castor cﬁlI toﬁ@@ 601, SahbiPRl ']ﬁalzéb‘b% ef1RBhd b8! Yainf lt@m&clﬁp QoéJn%@Eﬁerﬂhstard seed
be conduct ed by addi ng boric acid
oil, Jatrmﬂmcml beefitatkawyranddishtdils. Furthertxxaipies 1miu<¢b cmwdnrwadi frandcorn, jute,

sesame egg eggo%'xg [ emov lgxﬁsﬁtlﬁ r?‘“fi(t%l%gy:t;‘i Qgrz\%déﬁ I’nglnby methods known
in the #PPRkL ?ﬁg;eed oil, Wthh is BNRLe Rﬁrﬁﬁwacﬁ@@)aﬁlaﬁ? &Rt 'éﬂtvhﬁf glycerol is

post eated by reaction with a so-cal cappi ng
avallabbguenlargb Qontites pchadd Y¢ ohiainedgiana @mmnlauwayn@y pressing from rapeseed.

Recycli 3B 3b 003N GO0 B8 BOBATNr so of f ect  such

DisSRe erANPISs PRy RstehCof fau9r RedsasinOfBude RGhiheersi@Phiixtures of the
Nurmer ous cappi ng "agents and net hods are known. O

t he
ethyl, pkmhbutrlamdu gspeagibnmsthyl pﬁw@ftfm a@éﬁw@htl%@s%carbon atoms. For

examplg,r#%gcr %S)ci%] ttﬂgr?sélc&pg{] 8“1)%1315%; §01 atsie C %% esrte?g g a«%@a eIc a01d elaidic

acid, p@tfos@h@b&lﬂoﬁeﬁhofd@@hﬁdnbl@gos@é@@@[c‘icﬁﬂino@did aaﬂdklﬁholenlc ac1d eicosanoic
acetoacetate (e.g., ethyl acetoacetate 5 (EAA))
acid, gaglelaie pejdddodqosanais agip) @ erppic(geid arpasaliy a\\1b§ave4ar85)9hr@711umber from
8 57, e
5010 140983581y S 10908 HIE BRGNP properics e s
which cdmsaiﬁ In’ﬁ&ﬁiy, fer atebeaWOe\m 1%, tdethy] Batsnif foy adidd 8Gth7D#lto 22 carbon

he reaction product_of a_ nitrogen-caontaini
atoms @Idslpgr gra}]fio%% bgadse rThe prefsped 1‘%‘2‘3@ lﬁé egisETR ity acids are the methyl

, | ycolic
esters o@l Si% d‘g éck?%q goﬁﬁyaéntlﬁﬁ%(gm 43’\@1%1’61%20? %“qé 32?3%1’ '
EpﬁﬁﬁcrEﬁE misturds6 oD 1Re sttBURING7 e alntdinbd 861 ,e36@Bpleabk ydleavage and

I ene car t es,
esterifi PR ORfa RTAT 378, VRHNR 16 Ang o byothel Bresggraion. with lower
ahphatlEJ a§oh5’@t qur uclof 46 aﬂ(%ﬁ est&ls f fﬁ?}t %Bs O, ad@ax@tgéeoﬁg%o start from
906, 5,407,591 (poly (e.g., bis)-epoxides):
fats andU OSs vvlacle wontain loty 656] so&ﬂsa(tmteéu aidm tgedrt @te26%, and whlch have an

iodine %%clgl 0 ?e&% &%ﬂéboﬁgds ﬁglﬂf’?o%gg‘g# I%ghe& ﬂr 01f's are sultable e.g., rapeseed,

ni trogen-contai ni ng di spersants are knomn to those
skilled in the art. 15For adequate piston deposit
control, a nitrogen-containing dispersant can be added
in an amount provi ding the Bdbricating oil conposition

with fromabout 0.03 wt. %to about 0.15 wt. %
preferably fromabout 0.07 to about 0.12 w. % of
ni trogen. Met al - cont ai ni ng or ash-form ng

detergents functlon both as detergents to reduce or

o R o o a - s
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carboxyl ates of a netal, particularly the alkali or
al kaline earth netals, e.g., sodium potassium
wo dobiozgop1 cal ci um and nmagnesi um The nost conP@N2008/085204

used netal s are cal ci um and nmagnesi um whi ch can both

be present in detergents used in a lubricant, and

m xtures of cal cium and/ or nmagnesi um w th sodi um
sunﬂo“Pe?rédrféﬂhér |c¥st810r§¥§a[‘ beiH, pRBhA! cARMEIAENES! Q&lﬁ)vme&ifdrﬁle like. Alkyl

ovef based cal ci um sul fonates having TBN of from

esters 02’ (fatltso adi89 bawNl, onam dew e/la,tlcbfl ofanpesoedk pihathe cfat@a keid pemponent of which

comprifk] 3h et it LG FEC R B LE TR MEpo Bt RLR e

Pﬁrtiaﬁ}éﬂ!'yeﬂrei@fre@@Ifé"'ml§@d'paj91% dﬁ&‘i’ng utilized 29WibRIBR! SSiokR, i.c., fuels
be prepared from sul fonic acids which are typical

deriveddbemianwaalisy vepetaklaintaseriali an befievediy Ibedatssdamaginggto the environment

on oy SR AR R PRI RGP0, KA et on

combustiof N&s icartoy & &6 a¢ M&necEKy’ﬁﬂw @ﬁllValth Jogdity bﬁpetroleum distillate fuel,
obt ai ned by aldktél ating benzene, tol uene, @‘%I ene
!

e.g., digsgh Fchagnsneery dithe swijur “digrid he fgrme) ogertpin dlerivaitiey ©f vegetable oil,
e.g., thésﬁlo%tagﬁeéfﬁ g@%@ﬁg&ﬁ e ark{z%éa}{f?clgﬁ&g gvrllt?nbrﬁjmono %drrlr(r:e (.likyl alcohol, can

be usedtdaa fbaiearder dibsdl fgAt al yst with al kyl ati ng agents
havi ng from about 3 to npre. than 70 carbon ato

. The )
Brefemssl bigfuelonms: vegewbleanl derbvwbives. wirviyeh aadigel @t%ef@md biofuels
4y, o e
are alk}g%gtélr d?xgvﬁfvegrgg gatp%gegdggl; g%@%ﬁﬂ S%;!gfbg{rﬁgﬂl’ suhf18%er oil, olive oil,
or palns blis tdpesded bibmetipl iesterrbeiag yespecially prefeered] kitlsal aidmeeor in admixture
al karyl sulfonic acids can be

| f
with otheg‘meggtp fz)dlo‘\\;ﬁ”tvﬁu‘tﬁ@?r &8s mlﬁ%sd;glagg gropgrwbr}(p%@geseed oil methyl ester
d pal pgfg{:}é,@gt Lcarboxylate, sulfides, hydrosulfides,
anapa ﬁﬁlr ates, bor at es, and ethers of the netal. The anount _
dft predeat, Wofwpbsuard mestotooseenih axseah gn rcoyeiition Witle petroleum-derived

oils. T?ng%bergggtf Jlg%té)gldatapﬁgﬁ%ae 021%%& torﬁg‘gt tﬁge:trf()?el | -derived fuels in
any radoe alsdr eg(&%%)l’ét at P&stcsf%,t hefersdlp hﬁi&hﬁ%’% | Bl pefeBly Ht€ast 50%, and

salts of phenols and sul furized phenols are
most prpfeg@gy atlepst 95 kabyt weighivt the aH, g p be getivadelremagilant or animal source.

gvg{ﬂ %;% gug%lggtg&%lgs 1n8§1ﬁ| gngdr(%%rg 3)( '619(? halfa)ﬂsglggltﬁﬂgefi%lyd%carbon oils
such akN@WIYniehizéd Carfd tintefpdljrériZad oﬂﬂfﬁﬁoké gs ﬁol?But?Ieﬁ&';lr pélypropylenes,
by 25 reactlng a phenol with sulfur or a
propyleagrisobutiileny copapyess Céluma noxhusyjeress nely( ltbexeaed)s pely(1 octenes),

poly(1- Hg&ggﬁi’ier a lPQﬁzeﬁE% Eeué 3 P@(Ja)ll%%mr{e {e?f’agév\ﬁm?egﬂge% Mﬁoﬁ?lbenzenes

are onmpoun

di(2- ethmmaygbamh&),apcﬁylbﬂdnglge(d ghybishenk/lsr tegshehglsnalkglatedi ]ﬂﬂﬁﬁenols) and
Di hydrocar byl dithi o%Eosphat e netal salts

alkylatee] gl Fipetised Ly alce i dheheny Lt dearandh et veagealpes, and homologs
thereof. TPﬁsdTﬁsteﬂll af@%gxkﬂ?ett@%ﬂ@ élgﬂ{/éq ﬂ%la\gin lb uﬁi rb&ksE R f(lsfi{er-Tropsch

um num nese, nic
synthesied hygpearboi$evlrchn arescahtnsorﬂy ecfernst toulgm;)td lyqulé ed“GHL” base oils.
%009/ 076091PCT/ US 008/ 085204 | I.catl ng%
BRe 0%jele polymeds £ \mterpg yn%qréfaga é%eratﬁleé }llge%f Y)(Fere(%le terminal
hydrox§3l‘5‘§1‘%‘3péJ Pae tb@@n tn%cﬁﬁed"’%& Wter@icatile éth'é}[ﬂ&tﬁt)h NgcOidonstitute another
onposition. They can prepared in accordance w th
class ORhmzwn smthﬂncqlubscajylgf mlsstTlte@e mmgxemlmﬂwmyomdy@walkylene polymers

U T CERE. < TR NE SE e

neutraI|2|ng the formed DDPA with a 5 zinc conpound.
For exanple, a dithiophosphoric acid can be made by
reacting m xtures of primary and secondary al cohol s.
Al ternatively, nultiple ditBPophosphoric acids can be
prepared where the hydrocarbyl groups on one are
entirely secondary in character and the hydrocar byl
groups on the others are entirely primary in
character To make the zinc salt, any basic or neutra
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15 contai ni ng phosphorus | evels of fromabout 0.02 to

about 0.12 wt. % such as from about 0.03 to about
w®200/0vd091 % or from about 0.05 to about 0.08 RET/UH008/085204

based on the total mass of the conposition and heavy

duty di esel engine |ubricant conpositions containing

phosphorus | evels of from about 0.02 to about 0.16 wt

polyoxfélk}&éifeh paBmickd f(b ahoniethyl 951yis@pﬁ*p§?1&1e O%I}éol\l\féthef)/oha()fng a molecular
from about 0.08 to about ased on th

weight phi 600 prdiphenylether o mﬁb@thy'l%w elyipl éaaémﬁraemé}e.ce@r wgight of 1000 to
1500, SRRl el CURSHENR! eRRTBRE MBS, B s pgr: mived
C5-Cs f@te;r acid est@xs cahdnt B aro hyid (deesger ,ofmllaéth§&nﬁlglyco% such as

ver 6 9% fron1secondary al ¢cohol s

ﬁapthswwga%iér glagsc@hpmtefic JHbEeRIng Ml Wwaﬁaﬁ q%% Oéﬁlavarboxyhc

s (S pFATIERSUShL Ly Bk e oL ol s, i, i

acid, aZEB60,acidiboberad adil, 38BSic im:dhr funoiric54c3@, achpu!d zimﬂgr]nmﬂélc acid dimer,

th d.f a | 353.

malonlmléaﬁlﬁﬁﬁla?%ﬁ‘f eilayalkey! ZHaniS ?3 %wltﬁé ¥ ﬁqe OIS (.., butyl
t f I t C

alcohol,()( Hésagi?i agféélé&d%‘fﬂe"??’; eﬁllé?r% nﬁgtglgmgﬂg}?&@gCezhcfnéhes@wdl @iethylene glycol

monoethére praplytane @hycol)/ aBpacsfic exanepleepbsichsstens tmhldﬁetddjutyl adlpate di(2-

ethythefyfh e iR Ao fitheite, PRy felele Pispdecy! azelate,
dioctyl gﬁh@lates @hde‘é%pf)htﬁélﬁﬁé' BRERGYT RbaRSd, SR 2 RAKINKyPURERF 3PliMoleic acid

kyl side chains, cal ci um nonyl phenol
dimer, andl fhiechompdex eston fomed piyoieacting enedmelsl fusebacia apidewith dwo moles of

91PCT/U 5204 sphosul furi zed or
wuamh§%%$gp g % 8?8@5?§%gg% gﬁé@gﬂogégs esters, neta
Ebtbﬁclﬁeﬁﬁ%ts?ﬁtheﬁd: bils alsebhelug® pse r@éﬂéﬂ%&ﬂc@s @SC}, monocarboxylic

described in U S. Patent No. 4,867,890, and
acids angrpalyele Audpelsak esiars mushes meepsmid glysphi tarethyilelpepang pentaerythritol,

[ Q%é g at least two aromatic groups
dlpenta ac%1 agldgﬂb %Ir lt(?o one am ne nitrogen contain from
Sﬂtc@n basadasibosuchtasnde pdhallgin, pebapay) pobyilllaixy- @ pelyahdexysilicone
aromati ¢ groups._ Conpqounds having a total of at

oils anql éﬁ’e?@tet Pl eomPHseapRQtheyr wighY, clasy elheerhetifolubpess wich oils include
tetraethgf ogfl)i%?t@r e.té,txla%ﬁg))?l%e%ﬂfé:rg%égluﬁg}a—@%}ﬂ%ﬂé)gh)lsﬂ%% B £2(4-methyl-2-
ethylhexy3§dilicaty, tatriyp-eerebgiybphgnydneilicute, heea-H-medtyl-2-ahylhetyddisiloxane,

poly(méffy SR Ratreng Pab eSS tphem) Slos s OtboupLeRt (et oils include
liquid egﬂefse&?hlﬁsﬁlﬁ)rﬁsh&n%gnm 'a‘éfﬁqg trT&ﬁfEﬁB%%hﬁ {rio@gﬁ gBﬁ)hate, diethyl

typic substituted by on stitu
ester ofsietxlph@phtﬁmo avid) kyd polgmetio &ttahrydrofiirlimxy, ar yl oxy,

%ﬁ% {) 8?@1}%5ar?u?g%na(g%%r 0)3(%/ 80@3%%%0%% %g@allr o Group III base stock

or base ‘éﬂ'ﬁléﬂt@,tdf‘ﬂi‘e aﬂofbn@élﬁloﬁé&f)@srers@&k@ MipadtBRL thel $1P6F Hl@hbitﬁlg viscosity
ositions of the present invention, in addition

oi |
isa GrCtU@ H e g@mHh b@ﬁeaﬂmke ot ampstuel thyeokdeeimixsursrd] 4 Graupd base stock

uced v contain fro
and one3tfhorg ST P Rl I BRTRRRC RS i BT hf e G bricating
viscositf RO HIGroug IT, Graly® Ull, Grotp. [VYeoeIGrtie Vobdse stek] X diaxiure thereof. The
anot her preferred enbodi nent, |ubricating oil

base stacknydse stapks blsndmrefepbby ban 2 satwatstconienteatdeast 65%mimore preferably
t b, 1 i QX

at least ?ggumsg% %i Ltgl.e%??g /%1 blgﬁ(%s%re V\{I‘hﬁ’l&g ﬁ?&‘ﬁé rs}%?f{,c(gxﬁaqg‘g{o’ck blend, has a
anti oxi dant and a nnlybdenun1conpound i n an anount
providing the lubricating oil conposition from about
10 to about 1000 ppm of nolgbdenunl 20 Preferably,
lubricating oil conposition80useful in the practice of
the present invention, particularly lubricating oi
conpositions useful in the practice of the present
invention that are required to contain no greater than
1200 ppn1of phosphorus contaln ashless ant|OX|dants

o - o " o r I



10

15

20

30 PANA, Naugal ube 403, Naugal ube 410, and Naugal ube
420; and from C ba-Geigy: IrganoxTM L WO
W@ D9SN 91PCT/ US2008/ 085204 06 and | rganox LpGuUSIDnE085204

foll owi ng are exenplary of substituted pheno

antioxidants that are commercially avail able from

Cronpt on Corporation: NaugardTM BHT, Anti oxi dant 431,
saturateAdtdNR B aletRe tagd boos Nbkefer ATy $hO 811 68 bl Wlerde@NeXd Mskilfur content of

115, Irganox L 118, Irganox L 135, and Irgal ube F 10A
less thas ré4p pecferablyt lesseharx 864, @ad ofostpriefeaitily los Swndi4%, by weight.

BRieeb B ShBRRLH R O Reol Rt R Rutl ek Wotasity tes
(ASTMC DBOBOYTES Jess CRAPloY Niusl & 309%, pisfetablyaledsl thirC aF Rguail toC25%, more
acid and a vinyl conmpound, |nter§g mers of styrene

I
preferabliidesadhan orcequal tor 20% amdstpaeterakly eshipen ogenual e 16%. Preferably, the
o y f. s ene/l i n t ' , d
v1scosn$7§§<gérxe(§§1; lf,l e Cﬂlfe%ljé (?1[] §£en§g¥ %telggs’t tSE&%%?%lgﬁf %Qgt%%, o preferably
from aboytr@ownaned honopol yners of but adi ene and 10i sopr ene.
A viscosity index inprover dispersant functions both
Bstigitipns ydhe Daserstroks png besgerls dp #his vanigensiye thgsame as those found
. f Vi Si ndex 1 ver -di : o
n e SRRy Al AR PRI PR DPELRBR o Corinatin,
Systempolndasi-n €srvisws t Departiyaai @C4th bad. .- Bedesiber UO6), addendaf 1, December
di.carboxylic acid ig whi ch t he hydrocarbyl substituent
1998. "Priprprblicelon calpgarives pasgistacre pelloMengt h to i npart
(aY! ERAD 1 Hase SRockIEXta nniggi‘éh'aﬂ 9o PRnt tsét@%tetsoanhnﬁ Greater than
onpounds. I'n general, the viscosity index | nprover
0.03 ppeeststifuc and heye & oiscesigninidex geeapmolthareor afuahtoCR0 tnd less

c2 nsat urated ester of, .vin | cohol or a C3 to C10
g2 e B e metbofreRy it e 8 e o1 to Co
tl GREROH WabC stBClkLeoMdiR oRthtdtNBAT U 8kl to 9% Bercent saturates and

hi trogen-containing monomer having 4 to 20 carbon
lest thas or aqual Ity )3 prircent GRlfarcandlgrvel ac¥iseosity tidexrgreater than or

tyr ated to C10 - di b j '
ot or 8 s e 2 T Teon et Bheiedn T £,
(c3 GRAPITIT Wise 3toRRS ¥oRAInreRNhhe BE cifhd] fo 80 G3rdefit $at@ates and
olefin further reacted either by grafting a C4 to C20

lesmithan or ggeal tai0t(3oppreent onkfan anidispveonvaeosity hedesagreaser thgn or
raf ti an .unsafurated acid .on e pol ynmer backbone
et Db PP AL M AR B sl e golouPe. ot he
(dgr(&lfohpdV&ﬁh@st%Hsﬁr@ﬁol@ﬁipﬂ@oleﬁﬂﬂm. am ne, or al cohol .
Friction nodifiers and fuel econo agents that are
(ed Irrioapi Y baseygteckstipngduds plbpthen Q?@cﬁt&rykﬁ g0t pwlugied imSreupsal, 11,
Pk rgan al so be included. Exanples of such materials
Fncgude gl yceryl nonoesters of higher fatty acids, for
exanpl e, glyceryl noncFABE& E; esters of |long chain
pol ycakididal Melttddd FovBade SlbéX Propérdy TEXMRh&d t he
but ane di ol ester of a dinerized unsaturated fatty
acCl @ OXdZ0 e OIMPOUNTUS, r@HW s & KHeyl at ed
T4t} : - Al '} 200
1{uted MoNo- am RSy« 4P nes and al kyl
heE P or exanpl e, J‘.&oz ;‘ ed tall ow am ne
XyTated tarTow ether g Ched
2009/ 076091PCT/ US2008/ 085288 TM D 429 her  known
friction nodifiers conpris&SdM DsHidibl e
or gano- nol ybdenum conpoundéST8&3180gano- nol ybdenum
friction nodifiers also provide antioxi dant and
antiwear credits to a lubricating oil conposition.
Exanpl es of such oil sol ubl e organo-nol ybdenum
conpounds i ncl ude dithi ocarbamates, dithi ophosphates,
di t hi ophosphi nates, xant hates, thioxanthates, 5
sul fides, and the like, and m xtures thereof.
Particularly preferred are fibl ybdenum
di t hi ocarbamat es, di al kyl di t hi ophosphat es, al kyl
xant hat es, and al kyl t hi oxant hat es. Addi tionally,
t he nol ybdenum conpound can be an aci di ¢ nol ybdenum
conmpound. These conpounds will react with a basic

o o - N OS"TR A 1+ a ~ /NS A
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Among t he nol ybdenum conpounds useful in the
conpositions of this invention are organo-nol ybdenum
weowpowogs of the formula: Mo(ROCS2)4 and Mo( REOSE$2008/085204
wherein Ris 15 an organo group selected fromthe
group consisting of alkyl, aryl, aralkyl, and
al koxyal kyl, generally of from1l to 30 carbon atons,
Qﬁdftﬁhélbdd\dlt&ek @nalZbe i Bporaé D Bthe ROFpIBIEHnPH£he rlﬁl&t!n‘flon to enable
al kyl of 2 to 12 carbon atons. Especially preferred
them tgyacet Hartisular g eiFrepess aribmnless obddibives datumey Aaoinbleded in the
d l.
lubrlcat?r{%ggfl) c%}np%gﬁgﬁé) agég ?%P%g%ﬂ o‘%@%ﬁ?sl%g%\ﬁg%léﬂ%lggérs viscosity index
improvérs, curedsear 1nh‘fH1t¢b§;i oRidation ﬁiﬁlﬁbﬂﬂ(ﬁi@,, friksipe eh@lifidrs! HbsedBpersants, anti-
the formul a Mo3SkL. Qz. and m xtures thereof wherein the,
foaming agengs,| Web’%o@?ﬂsya@ep%ﬂéﬁml depaerganthaomy diegdipgrssed in further
detail BALRUPS Wi th a sufficient number of carbon atons to
render the conpound sol ubl e or dispersible in the oi l,
hES from4 thr h
Dubdeeing Nt sfrfpdrinip b et blehE e fimsbishiipipyone or more

ashless Qﬁ)smfsuﬂtdsmi&lhe@ébtm@efedum&ﬁﬁtloﬁb@ Qfepbsits \ﬁhfﬂsﬁﬁél idegasoline and
and ethers, and z 25 ranges fromO to 5 an ncl udes

diesel epgines vicaridgderkior nbricasing@ils. Ashlegndisparsantveseful da iisogpmpositions of
u e

e re SR AL ASARFF L YRR bl EBF SR cionn

groups &5pa1ﬂds idnasadv@atng With bartticlusi tog bardispexedpl diypicafly, such dispersants

bdeq friction nodifier addltwi and are

comprise IR SR o) aide PRETE PHemnRctis attaghad i ihetpabgRgahagkbone, often
Yy 3 Y,

via a br %?né glM:?#) ggglg%és d&%ley i aglgg ﬁ)g%g%%%o egc%ged ﬁ{ﬁlln 0iPSdluble salts,

esters, ﬁmiﬂoewt&rg ameles wanmeegmv 0Q820PGEs JF2068/ @ﬁﬁﬂ(ﬁﬁdmb&bon substituted

mono- SiECrygr wﬁisml 2 4h s REEEPS RIORPOSHRGRIREUBEERgof long chain
hydrocatbth h
YHOSsT0E s it e ng@é&%&&&ﬁgsg g@%aé@g%éﬁbﬁgmmw directly
thereto; 600, MBAKIJRAcANIBESa00 pradustsy fartiedrisy, cdinkensiof | colinggctmire substituted
al ex | ar such friction nodifier additives and
phenol §:8 to TR o bosSlfRiens Fikb R akzo Nobel | Cher cal s
Kgig en- ()<Tmclu(g| Ket en-Ox 77TS, anong. ot hers
PRBEYEMT #8 yesz@aepfi%rmﬂhé?d sl %laba—pleﬁ@s dispersants,
partlcu1§'1n§j ;g?’é%fég{gﬁé&l Abhy. oﬁ‘f"ﬂ' !ﬂﬁphglyﬁ gB{R gé}g%gé'dadls ersants, Partlcularly
preferreklnarm aslgedsu ldespershntél dwmvedp frowe rps)ljllsmlt})lcnd malemtmhé w1th succinic
i mum t epper at.ur e at ch the fluid V\/llLyﬁrowor

amed”g]%rgfwsp el b SOV EhELE NG9 2 4 GolRAITe succinimide,
lyethyl¥Rd Cdiantile, t RABGHFRAELT DYREMIRAL of TRT

powye }T enper aturé fiui éll?ty of the fluid ar gM&kfbﬁkyl% polyamine, e.g.,

POIYOXY@r@We f divenring.e/ ‘t/mmyﬂhybaé@anmbmedmpe,l ymer bydarg compound e.g.,

pece SRS B O LA B P B e foRincion s

combin&idn $RQAY polylisobitydeeyshbsrrtiied with k&%ﬁf‘@anl@ﬂnﬁé %FERJ 8 afdl réicted with
our point depressant is pol ynethacryl ate, tp

() a hydiexy compoundssne, d?entaqevtblbf@ue(ﬁ)srﬁ oeatyaldgicns vpelyamine, <.g.

polyox;yg)?tg)l_\ﬁ'f;elr %Valg‘%éll%ngr%{'e Ig)o ﬁol&%lkgfene ?erﬁf‘g‘l% gtghuic’)blyet%ylene diamine and

tetraethyzleﬁqapmaﬁme@min@azbb@m B ér it @rmolER S (BY T patdior (@)\@@% hole of (A).
0 d need not be further el aborated herei
Anothe@é#%%wg digpersant GembHation | omRs}ses |%@P@@€1&§ﬁﬂn‘ef (A) polyisobutenyl
A
suceinic iFRHEAE A ENLCRILAEOLES pols i Ll S8l leng perggpgine, and (©) 2
Ilke The following is an exenplary corrosion
inhibitors and is comercially available from King
I ndustries, Inc.: KCorrTM 18DA2. 20Exanpl es of
viscosity index (V.1.) inprovers include olefin
copol ynmers, dispersant ol efin copol yners,
et hyl ene-a-ol efin copol ynmers wherein the a-ol efin may
be propylene 1 butene or 1 pentene _or t he hydri des
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25Exanmpl e of anti-foamants include polysil oxane,

silicones such as dinethylsilicone and fluorosilicone,
wanontwol i ke. The following is an exenplary PCT/US2008/085204

anti-foamant and is comercially available from

Munzing/ U tra Additives: Foam BanTM Ms-575. I n

the present invention it may be necessary to include

polyhydife ﬂddlhdlldt%dlﬁ@ﬂrdf@l-ﬁﬂ)’éthtﬁ&dtd]@hﬁﬂi@bhhiaﬁ}y a@inel BE., pentaerythritol or
vi scosity of the blend. Thu although polar

trismethyl Qapinaspqthane; adeseribadiipdsS S abatpns . 3630611
2009/ 076091PCT/ US2008/ 085204 suitably | ow viscosity in

pmether eldss edishlyss tdwgersamts desnprisese Masingadr basd «tdmdt:n®bme products.
Generafi R RRr iBEB DR T RRRRPEOE s PRI P B et substitted

mono- ©PHolyHydtdxy bétiznd ivaPEbdut 1 R6rE8SBoled IfUchebdye doﬁﬂ)gund(s) (e.g.,
chai n hydrocarbons functionalized by reaction with

formaldeByds: a p@rafsm@biﬁbwaa andjabguio. 5d—ﬁr%/mqlft$e@f pHyalkylarepolyamine, as
dlscloseiléls ?oq %m% %‘h{ 0 9 ha? gm hlﬁﬁ%?é ?gs%rc%%génsatlon products

éreln |sc ose

can mcmarpqml)tm@rrmommﬂbaa findRilibcoRic amalg%zaf dl?ﬂhenzatlon as a substltuent on the
above-nenti oned additives, each additive is t% i cal

benzend BRNIEET £t bF TaHEICH AN b icPPAUBHCRMHBINE TRAR rogibitituted on a
succmléRge}g}yﬁﬂgé b ¥ Fhahfer Iﬁ\{%nqg thit S d&H B%QJS‘;% dén? No. 3, 442 808 Examples

sentative ef anount's o such I Ves’
of functisnalized alrdarrkdematllz@tb olefmnpslyneee synthéstgbdbasingy. mé%hlllocene catalyst

t he val Ilste are state i ght percent active
systems;33¢ (g} F Ht the pppfi ‘EU?n?A@BPtTﬁd‘W%Wr%(De& rable) W %

{rPr eferred) Overbased Detergents0.1-150.2-9 Corrosion
heidispetsant. @unsee. Buthes pagittreaigsaby ageresooflc@yentional post treatments

such as @olc‘ﬁfor Sgyéec‘r%ra?llryt 161&%195% %§ ]iénﬁ‘tj'&ﬂ?% 5%3% 231% 30 %543 ofso YBoration of

essa oantm
the dispbgsant 3. Iﬁacﬁgl. £dmplidlked by treating an acyl nitrogen-containing dispersant with a

boron compound, such as boron oxide, boron halide boron acids, and esters of boron acids, in an
amount sufficient to provide from about 0.1 to about 20 atomic proportions of boron for each
mole of acylated nitrogen composition. Useful dispersants contain from about 0.05 to about 2.0
wt. %, e.g., from about 0.05 to about 0.7 wt. % boron. The boron, which appears in the product
as dehydrated boric acid polymers (primarily (HBO,)s), is believed to attach to the dispersant
imides and diimides as amine salts, e.g., the metaborate salt of the diimide. Boration can be
performed by adding from about 0.5 to 4 wt. %, e.g., from about 1 to about 3 wt. % (based on the
mass of acyl nitrogen compound) of a boron compound, preferably boric acid, usually as a
slurry, to the acyl nitrogen compound and heating with stirring at from about 135°C to about
190°C, e.g., 140°C to 170°C, for from about one to about five hours, followed by nitrogen
stripping. Alternatively, the boron treatment can be conducted by adding boric acid to a hot
reaction mixture of the dicarboxylic acid material and amine, while removing water. Other post

reaction processes commonly known in the art can also be applied.

The dispersant can also be further post treated by reaction with a so-called “capping

agent.” Conventionally, nitrogen-containing dispersants have been “capped” to reduce the
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Friction Mddifier0.0-50.0-1.5 Viscosity |ndex
| nprover 0. 01-100. 25-3 Base stockBal ance (i.e.
WO 899%090) Bal ance (i.e. -80 to 99.99) Fext1/9S2008/085204

fornul ated passenger car diesel engine |ubricating oi

(PCDO conpositions of the present invention

preferably have a sul fur content of |ess than about
adverseoeffec‘(\'fsuch/ Qils?%ethtﬁﬁa‘lree&? the ﬁﬁoﬁ@&%n@r %ﬁgﬂ’fe sedf. rl‘@l!irﬁerous capping

preferably Tess than about O. . % Such as |ess
agents tuch methadst are. Krowat. . (% thbSkrm‘vef é‘pqiplnyg agérds,Nighede that convert basic
. volatility of the for | at ed ,PCDO (pil of .
dispersgif 3t gfchg o SEGERHty maieFdF e” At O GBI FpRPYars gost suitable
The rea@dfi6@beh rﬁtli*@g'bn]c%nta‘iﬂiﬁ eRANtUrRAIIRY1 dcbBcdkate (e.g., ethyl acetoacetate

preferably no greater t an 10. Ful gafornu ated P

(EAA))OS desenibpd, églemammehﬂ 5rf’q@¢rr§ﬁ\h15aﬁ8§ e, 979, Gl ancde$,579,675. The

resction 88 o0 PRS0, ARGBRSY Sy SHFD. Ry FOpdiABE ol o, n U
Patent MROSPIB3708. Flik! ﬁéaétﬁﬁmglfo@had oP@Dﬁﬁrogén-bbﬁaﬁi@,S GfSEErsant and other
i nvention preferably have a sulfat ash 20

suitablec¢apping: agsnts 7459 described v U.8¢ Ratent Ng; 4,663,064 (tgyyqoyc acid); U.S. Patent
Nos. 4,%?{ Bgé%%gr{ﬁgééﬁg‘sgh?V?éﬁszéﬁﬁtj@%d;@eéfﬁ H}?(P)s §6‘f %féh “(Q}‘gpﬁ%d alkylene

carbonalmye ga, ethylém c@ttbbhﬁB), 0K. Parat Noars 3@18;3212 (had?hovaoxﬂd:e) U.S. Patent
| ess than V\D 2009/ 076091PCT/ US2008/ 08520
No. 5,086411: 1956 Daient Mgs. Se1ts. Thbe P Sraang. A5 @ealscint ip-eporides): and

0. Pl N, D5 R R0 Bk YL el i s

exhaustiveh mhd athen gnethddsc ofrpaypirng mnrogem-lcomtﬁmingodlspa’sanm are known to those
) ) 'lslcosn ty plus all additives) will be no greater than
skilled yghe afich” as no greater than 15, preferably no greater
than 12. Fully forrmulated HDD | ubricatin
Eongsiegpate pistop flenastt opiele atnitreganrRosirinipg %bipé¥séiita<!3‘m)}’e added in an
amountﬁﬁ%\% %tﬂé Fcﬁtu&ggg &9%99@85%8{11 H&Sé%%ﬁ{ Y93 wt! 67htoaas’oout 0.15 wt.
0 er hos orus or no gre
%, preféﬂahly a0 @beyira, @f tordbﬁﬂp(hm 0. %F(blﬁ rh;togm mul at ed HDD
| ubricating oil conpositions of the present invention
Me@efl%ﬁﬁhrﬁn@&%easﬁ forthingt @dergsits (foASHdh BOML &NHetefgealROWL reduce or
Ow. %or less. It may be desirable, although not
removeg@gg:ﬁtm aad, asta@dpm@mh@er@ Qb ryst nﬁnlpl@)radhcneb)o geducing wear and corrosion
RNy n
and ex@g(ﬁe? ?éégé gﬁ: I%Qtefg%er r%g&qﬁy %gl%g alée ? ix)fea? gla thlt‘h%)l%i?ig hydrophobic

ages
tail, withtve @lar deN® Eaﬂnpﬁﬁidgtal mel sanoben acidRdorghiivl doatpeand | The salts can
to the oil to formthe lubricating oil conposition. A
containcpseksintially steichiomstn emernt Phihomeial imryhigh icase giay are usually
r
descnb%tg%gt)g%ﬁa'fl ?)g r%glg %E?“% aiﬂﬁfxg(gué gﬁ@%m\féq&o&%ﬁ{as@ﬁmgﬁor TBN (as
can be alekstired &g-ASTBVbDA8%6) et faor reto080.t 2e 1qpge amotint oive fictadrbase can be
10 to about 40 wt. % of a nitrogen-caont ai nin o
mcorpoaqt“sﬂgébf EC4RHNE SRR motel EORBOUNEE- 0 TRAE o ERreidel i g acidic gas
t
(e.g. cafi‘E‘(Sﬂ %gﬁ%?n ggﬁ%ﬁ%‘% ogflraﬁ{aég’%% gl’(e%t%:é ﬂ?gggfé%s né\grahzec}sdetergent as the
outer la;lce} wﬁa metabbase (det eargemﬂ:t¢) rarwdllé.r Sncladvaubas2d deteedvatstcaBhave a TBN

of 150 Jfgaesierpnd Bt B o N AP PbM SO e . o

referably 5 to 18 wt. K % typically 10 to 15 vvt Oo of
Bﬁ £ gane bey ped; g}?‘h}q@dg]‘l -sghb i/f’g ngpraland overbased sulfonates,

c S
phenatek U%%{lﬁv\,}gl?ég ﬂepn‘é'}e%eﬂrt?%ﬂ}% X%Hr?)gxg‘éég dééﬂg'#lel s, %g)hfﬂéggtg%t (eiro\}\}lner oil-soluble

i ndi cated) are based on active ingredient (A 1l.)
content of the additive, and/or upon the total weight
of any additive-package, or fornulation which will be
the sumof the A l. weight é each additive plus the
wei ght of total oil or diluent. 25In addition to

| ubri cants, al kyl at ed-1, 3-benzenedi am nes of the
present invention may be used with electronic
chen1ca|s urethanes crop protection,

e s N
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WD 2009/ 076091PCT/ US2008/ 085204 Exanpl es Exanple 1 -
Reducti ve Al kylation of 1,3-Benzenediam ne with
wW@E ymbotwxanone A 2000 L bottonm out reack@DOS2008/085204
kettle flask was fitted with an overhead stirrer, a
t hernmocoupl e, and a nitrogen inlet. The flask was
charged with 40.1 g 1, 3-benzenedi am ne, 800 5 niL
carboxyletes afiydneyély paniculdflp the atkyli enekkalifbearth sty leaxasdiem, potassium,
...and 21 nL gl aci al .aceti ¢ acid, Sodiu
lithium' Gl no Aot FGRGEH e, 80 T9sh, CAREOMY dbtrdostals ape calcium and
magnedh@H! WhicA%ah B@thﬁ%%‘r&éeﬁﬂnv\ﬁ%‘fer@&% ﬁ&dflﬁ% $8&nt, Anf Aixtuff calcium
reaction was stirred at 65C The redction was
and/or gnagnasitimd Witht $pd3@0. g Paﬁwhmlwemesmdi umatdly deteogienits, arangkutral and

e R N -

calciumVpEera@sl 3t allfurized pheiieslRAaRP W%@'frdn@ 501 #6€440. 9@ombinations of
brown crystals, np 84-86C. The product crystals

detergepisnwhsthercovarbasssl onesyte] eikotly. lcan b ubsshzenedi ami ne.  1H
NVR 8 7.93t, J =7.8 H (1H, 6.95 dd, = 7.8 Hz, J2
Sulfomtedz can( Def)prepardB ftom Fulfgni2 ddids( dhjch &c4@ph:la11§ dbZdihed by the

sulfonaﬁé@hﬁnl\/%ﬁ%gls%kggttg%dcgrg%? & E}i%gcag%onslg%cm@gr thgge gy%tamed from the
fractlorﬁﬁoﬁ%f péfolédm 815b}3§1e élﬁyl%ﬁ&%f %r&nahc%c@&ééﬁ%cﬁloh Exam les included

drogénati on of "1, 3-Benzenedi am ne w'th exan
those Ohtaln_edsbmalklylegsg bleemne,awﬂwle,amdem&aphtha]@ad diphdnyl, 08. tlhelr halogen

vt R SR S a5 SRR 275 301 an b

perfornfedtialiyspreschae o@'eltc@féﬂ}%‘t’ Wlﬁfﬁaﬁk)ﬂﬁtﬁ?gsézgehﬁ%vﬁdgt Hort a%§§t KRPmore than
(600 psi of hydroge The reaction was heat ed

70 CaerBO@Omér eh’dliﬁré’l s @nat@a@&uaﬂﬁ crakén fres ebaited fo about 80 or more

d [ slur cont a n
crton YELIAATE s S 509680 S S L 0! e romti
moiety.was reacted further w thout pur|f| cation. Exanple 3 -
Catal ytic Hydrogenation of 1,3-Benzenediamne with

Vhé hyl kslablet éﬂlfbﬁh&ﬁ Q)r alka %ll @uﬁéméta'éidél @a?nsbétr?e%gahzed with oxides,

aut ocl ave was charged 108.1 g 1, 3-benzenedi an n
hydroxides . Akexidast wythogaibmt gark@tyéate, SUVFihs) hytimsukfrdes, Bifretes, borates and
ati.num on.car

cthers of Ik PThE G S PR R AR g ToN

of the ﬁ(nﬁE&oﬂﬁcttQ))lt Bipidayid r QYRS froh§bdue 200 kM PR, \%@ﬂé@é&tﬁ? at Rast 125 wt.
160C for 9 hours. The reacti on nass was co0o0

%) of tht ptaichipmgtiepllygrgeired. and filtered. Sol vent was
renmoved by rotary evaporation, yielding 242.2 g of a
W@ﬂl slts oo \phehole uardl, sulbwmtizeidn phglo?&S%@ rpregared by reaction with an

di e. The
approprla é gtq(lrépgllpgl rﬁat o bw#lgg’ oM@&rgze © g]@l?qql S ioygrbased products
can be I@btaﬂfedtlﬁy H%ods%l?@ﬁ@%ﬁﬁﬁqgé R&T/ Wdoﬁﬁ%% can be prepared by
reacting a phenol with sulfur or a sulfur containing compound such as hydrogen sulfide, sulfur

monohalide, or sulfur dihalide, to form products which are generally mixtures of compounds in

which two or more phenols are bridged by sulfur containing bridges.

Dihydrocarbyl dithiophosphate metal salts are frequently used as antiwear and
antioxidant agents. The metal can be an alkali or alkaline earth metal, or aluminum, lead, tin,

molybdenum, manganese, nickel or copper. The zinc salts are most commonly used in
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Exanple 4 - Catal ytic Hydrogenation of
NI, N3-di cycl ohexyl-1, 3- benzenedi am ne produced by
wEx@ppta@9il A 1L stainless steel autocl arer/ve®08/085204

charged with 263.0 g of N1, N3-di cycl ohexy1-1, 3-
benzenedi am ne reaction m xture prepared as descri bed
in Exanple 1, 59.5 g butyral dehyde, and 5 an

lubricat@ehdbil Iu@aﬁiouﬁts%fm Vs 10ast. %Cﬁbfé%iﬂy 9yl {d sled. pl Eﬁabéﬂlﬁ@)on the total
on carbon catal yst. The autocl ave was pressurlzed with

weight 4>f 61467 Iwmigatins 0il peoingosisionhy Bhesgean b neepasescini agrovdance with known

techqu ﬂrs%,ﬁ%r%rﬁggc a l?ydrocarr]qurdslfhloapr}]lg)sp eolrlg a%}d (]fﬁ919A§ usua:lliyy by reaction

of one bl nﬁ\ﬁ?e dicelélb R @xhtndl, Witk P8y ¥kt theR reenalegd tiRNoR8eBDPA with a
the characteristics reported bel ow 111 NVR 8

zinc cogipegnd (Fpp)exagplyq asdithiephospha@y agid (cap beenad hy aaastiag mixtures of

i B STRGR, . Al Ot e BhyFpARp A RGP e e

where the4tfiroc@rtd® gkoupd o dnelardzenticdly .sedoddalyMR: clirdedet. 4hd the hydrocarbyl
130.6, 115.2, 96.3, 52.4, 34.1, 31.9, 30.5, 26.4,
groups o th otheys are epiirely pEmaRpinecharacters T aInakedhegine sefb9ay bavic or neutral

zinc cogpgl}n%(? gélélql %eﬁhggty t’hel(}x’%dége ﬂ?&%’}?f@e? MRERERPHEEHe Wost generally

employdd., NGomimesotd] caleitives fre@ubﬁt)z engdinaam neceps epairedd@sto the use of an
d g Blbed in ExlrlTIPJalﬁﬁ wer e added 151.4 g
CXCess ‘?é B OS¢ 4ne sppaeuIdindhonentgligatonisactiopeei ved) sul fi ded

| ati num on carbon cata The aut ocl ave was

I
he praferredaingdihy dnoogrigyl n%hwqoég@hﬁ@ﬁ gye ol splpbileotglip of qiﬁwdrocarbyl
i i 5
cition§BRACRAE S 50 Ay BBl RS oo
can be pepruBklgdisehn dNHelneuﬁdemlupaﬂshﬁm omﬁldﬁelsafgilﬁeﬁlbncant compositions
Vol atiles were renoved fromthe ZOor%ani c phase t

contamwgé}h@smusglewls gt fromcahoat B03ve, apqnalg)i Wi Yp.cch as from about 0.03 to
about (ﬁéﬂwl‘hﬁl b4 et RBmSIEREIOS to ab(%l%t djﬁ§rv%5t’/§‘| l!)ddsé@tohofﬂeftb&fnmass of the

" 1
acdetate provi an uct
compos%’erah(d heaymtdaityn dmgeléb’rh%rmflubrlcant composmons containing phosphorus levels

of froma‘l‘l%ﬂ? 03&% Ca%gg eé( )fg' V\f]-t g%, dsluclzhS gsb yroXllébldu%O %ntzoea%%gtl 8 r1“4 r\];\(fet’ %, or from
about ONJ8 Mga&{)‘u? yaholexy lded %QQHF: %ﬁﬂlmﬁsé M@t%bp%81%erQE Q€ preferred

di am ne, as determ ned by
embodlmem\,lshﬂbmg’cmga rodlx g ompositiding snfbtltey p@e@t- beventnedéetainezine dialkyl
her ur ifi.ed by 25 tre th br om ne

aithiop R Gppafh krgrd, PEOMAFY st Hob gl SRS SO0 Gl Rol. %) from

seconddriiaRSHblcat e, the product was taken up in hexanes. The
product was obtai ned by chromat ography on silica gel

‘é"hé If‘oli]oc%mﬁg %?%%&?ﬁ:ﬁ%hw 5}31@1% gﬁ%\&'@a{za&dltgg% aé%a%mrﬁet@ﬁ?% available

from thé:[b&bfil)lql (33@0 Limb(i2¢4; 676 &G luubrizsl 1993 5L wbrido] éi@&ﬂ?, d.ubB36i0)3,60, Lubrizol
1395, Lé?r%éé%iééband %%@%067%%5%@%1?%8%%%2)@@5%}@&@ frfgal%bg 353.
Oxidation inhibitors or antioxidants reduce the tendency of mineral oils to deteriorate in
service. Oxidative deterioration can be evidenced by sludge in the lubricant, varnish-like
deposits on the metal surfaces, and by viscosity growth. Such oxidation inhibitors include
hindered phenols, alkaline earth metal salts of alkylphenolthioesters having preferably Cs to Cy,

alkyl side chains, calcium nonylphenol sulfide, oil soluble phenates and sulfurized phenates,
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13C NV\R W44.0, 133.5, 114.1, 96.3, 52.4, 40.7, 34.1,

28.6, 27.5, 25.3, 23.1. IR 3420 cm-1 wm (NH).
waxaopte@It - Catal ytic Hydrogenation of PCT/US2008/085204

N1, N3-di cycl ohexyl- 1, 3- benzenedi am ne produced by

Exanple 2 5To 263.1 g of

NI, N3-di cycl ohexyl-1, 3- benzenedi am ne prepared as

phosph&ﬁﬁﬁlhk&ﬁ@r |sﬁlf@i,@éaph?drgcéﬁc86r% %6%05&1356&rs metal thiocarbamates, oil
but yr al dehyde, and g as received ul fided
ysit

soluble peeppen wampAuedsr bfbrde@catb& ‘hBatgnt 9. & XN&%Q and molybdenum-
containf ecsosurol rzquva wWth 4,647 KPa (660 psi g) of hydrogen. The
gacfnp n s heated to 180C over 4 hours, and held at
7 .hours.. The reacti on

e S i PSR B BRSO R s Wached sty

to one ﬁﬁﬁﬁq{lﬁbg&ﬁeonﬁlﬁ ff(ﬁl@%ttbolrli é@ﬁ@n %ﬁlsloﬂfeoﬁhﬁﬂey @h 8tain more than
the 1\ 11, N3-di cycl ohexyl- 4- %@ 1, 3- benzenedi am ne

two arovmmgg@lmt dbnipyound$ hmnghrt@tﬁh@ rleqshghr@@aramabc lgrou@s,. Bowhich two

aroma‘u? &S%lms eaaeﬁ?é\%)y a%&vaiw&lb gg 3 g%g% a o?&%x?g%)e H{g’ tgllcéﬁl oxygen or sulfur

atom, 05 a9433 S@z]-:b)[,all@leﬁl% 5é?6u1§>) dndltho, ard d&éctly attadhdd t2osBarthine nitrogen,
7 m (4H), 1.8-1.1 ( 2011), 0.932

are alsot cong,ldere}zl agom@tlc Qrgm)es hawgpgat thW@mrq)mmlc gIPHPD attqchemlrectly to the

nltrogelﬁ>< %ﬁg ai%ﬂaélc cfcﬁ%e %ﬁé/ fylguctal_% %u sgglﬂg grr]lg I more (seubgtltu ﬂtge alected from

alkyl, C?Moﬁk}’;lln’alk@xﬁ aryloxy, afyll hcyﬂ&tﬁiﬂ@ Bﬁ(ﬁ'oﬁy,%ﬂ nittd @olpye was
C arged with 68.1 g of NI, N3-(1, 3-di nethyl butyl)-1, 3-

E@@ e%tﬁfﬂdhﬁtsr arc tcb%dﬂl:)(téﬂﬁ;ﬁoﬁrde BRI @ ASatas C rlhb Gﬁe preferred
anple 3, 54.0 g isobutyral dehyde, 20 300 niL of

embodlmhuehéarmt@narpllaMmpO@m@ns 20b the \Aletlese(naslnrvemmnvem) addition to the

fided u car b at a The aut ocl
benzengfinis 3oufo il feBH § tOrRet Qutiped ReBiifRiGe ontain from
about 0TN€o Ba@t 1.9"viN8s Jdieatield dmiokERkt aN® froth BBOtS).1 a0 Gbb& 8l wt. % of
at for 180C 17 hours. The reaction mass was cool ed and

phenolig j antigxislgnt. adel apethgr ipreferro cebodimpsnsdlubyicatingapi} compositions of the
presentg%(\ae?ﬁgﬁ ogﬁln %Hl% éﬂo%“()q {&r&%% y 2%%“‘9‘] ot aﬁﬁﬁlcainﬂggld%/ From about

0.1 to Bboud33 (wh, f% dif ntehylid uhidyiddnt Cardi & SO6IbYhuin Boﬂn@ﬁlzrﬁhﬂdlan amount
am ne, The next 25 npst abundant conponent was pre
providing t]p/gmtmgmql somposiion frosn @bag h@/lt(b abqut) L0 gupm of molybdenum

Preferagllr){ar g@tﬂ&ea?ﬁl}lgt |ocs fﬁ@%&ﬂfoqlg aggzef[’@ EEEQ ’\I%% ttfk% 8tf g@e present invention,

particulad{ Iybricatig ofl c(ohip’b)smoﬁs @efal {nltHe, practled ahthe j)ﬂe)scntiimlé'ntlon that are
. br 2H exchangeab e VVI th 0D),,2.21 d, J= Hz,
requ1re<§J gﬂ alil npggrﬁgt(:ﬂ 1208 PP © hosmh%s n‘(o?F‘bm a@lqsg aatlo)\gldants other

than beﬁz&l h’i%nﬁ?% in alpaJ%@%ﬂ » of ¥rorf? agmHZO ?ﬁc}%ou(t% ﬁf%{, R}%fereﬁaly from about

f 1214 cml m sharp
0.3 wt. %Gﬂﬁ@%@%%{/ﬁﬁ@@ﬁbﬁ%mmmmﬂ) 6 v&. Y% adbmliy B iva. %. Where the

dro t.ion af
phosphabhs (BAECH o GPMaLes by EyeE, $soamouiton Al pisuiaat other than
benzen&®Marh@ Al 1réterably increase accordingly.

The following are exemplary of the secondary diarylamine antioxidants and are
commercially available from Chemtura Corporation: Naugalube™ 438, Naugalube 438L,
Naugalube 640, Naugalube 635, Naugalube 680, Naugalube AMS, Naugalube APAN, Naugard
PANA, Naugalube 403, Naugalube 410, and Naugalube 420; and from Ciba-Geigy: Irganox™ L
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A 1L stainless steel autoclave was charged with 68.1 g
of N1, N3-(1, 3-di nethyl butyl)-1, 3- benzenedi am ne
WO emgdiqm m xture prepared as described i n Exapqi/esi®ps/ 085204
54.0 g butyral dehyde, 300 5 niL of toluene and an
additional 2.0 g wet (as received) sulfided platinum
on carbon catal yst. The autoclave was pressurized with
06 and 4igarék KP5Y. (RO folkdveihg @fe EMAIESHS stiB&ithRaGhefd] M@iSxidants that are
heated to 180C over 4 hours, and held at for 180C 14
commetsglysavarigbler Bomt Cormptan Cauperation| Navemd™ BHTrAetioxdrat 431, and
| af4.1 vl Y OR4o T
NaugalHYt% 341, a%ﬁ HERECHAMPNST Bhado@iR1Y 1 BYAPOLBL 19718 Thanox L 135, and
hgﬂub&ﬂlﬂ@_(l 3 dlnethylbutyl) 4, 6-di butyl -1, 3- benzenedi ami
ne. The next nost abundant 10conponent was present at
ﬁ%/ &%atfﬂé'e&amples of suitable viscosity modlﬁers are polyisobutylene, copolymers
N3- (1, 3-di nmet hyl butyl) - 4, 6-di but 3-
of ethylfélﬁz@rwe@mﬁlm oolmesihasrilaiss. methenmilaie tapplymicss copolymers of an

unsatur%gcg glcasb(%fﬁf l gco;d élcli_l SBIII}/ISQ ﬁgmgxlgﬁ ﬁ%téxéug?yén ﬁst&%na B}xd acrylic esters,

and pRﬂﬁHymlfyﬂh'Bgenlteﬂ4 dﬁp()g"rﬁe,rs 1 0?2 dyreddhisoprend8 Bfyfbklbutadiene, and
1.47 m (2H), 6 113m (18H). 15
isopreng/putadiene; @squﬂ a§ MthartBllé{rrby@rogenat@aﬂmgm)Qpp]dmers of butadiene and

gydrogenation of N N -dicycl ohexyl-1, 3-benzenedi am ne
produced by Exanple 2 with benzal dehyde A 1L

I teel tacl ave d wt
Rahgooti Byer ey Soo B DR o ¥ isletDigRock Miprover and as
o Dl eny 00 300 20, R bl ol Lore n or St g, products of

amines,fop ezgam@lf:, pelzamings itk p hydracadhwltsphssitutedimonn- emdigarboxylic acid in

t tocl ave
which t%ngé'@d}( layTrégb%H rng ceorr]npnf S arcegcl} of ﬁugglenﬁé%q@a% dmpaxét‘ viscosity
index ikfpR6VinY e;froﬂertiesu s, thanébnli}ﬁiuddﬁt Ir01gedSQIC the habosity TiR@ex improver
reactjon was cooled and fjiltered, and vol atiles were

dispersang Gayy el foKcxaBPle, ¢ ROVEP oL @i (onrfo Cphy unssFusaigd estgpef vinyl alcohol ora C;
to Cyo \E)rﬁﬁ{u}éa?%(?lngngl %rgJQ%éﬁﬁlg%@ él @lto r@féarﬁtg)&th@ta%lcf 9\'1‘[}/1' a%l gnsaturated

mtrogeINborftﬁnmgaymh(ﬁhﬁ)haizﬂ%g Hto Abcirbem atpinsi a poheet e adi,am1 @yg olefin with
| 1H
an unsa?q%gtgg gﬂ%o gfgpslp#)%&-gfq?da crag Cé?(glﬁlé %E:x&icﬁq?eu{rglo%r@txgl%( gxpei@r%\ll\rlg, hyfrgxyamine or

ol R o e AEIUEEEL Byt BRI i hmtion

to Cyo ub2Buiasd Hig6gS&BeontdiBing nodnd therbdn 88by §Bflify arBBnsa@irated acid onto

the pol 555 pisKBeaa e bish ehssling §508 Bl A pBS Okl eTeg acid with an

amine, wﬁl& ahnk! Ghl@holNL, N3- (1, 3 -di met hyl butyl)-1,3
enzenedlan1ne produced by Exanple 3 with

pﬁg}r gt 8 ﬁ aélg fBCI ec&g&k&ﬁ@tﬂiﬁéﬁg%%ﬁ@hﬁ@gw @X ?t}%y?ﬁlgredlents

of the finehaié nﬁdal&aﬂba mcth&bdt IEXamjﬂle)stdf rseclpmmaﬂagdndadd gB/eenyb fidnoesters of

e 3, 79. nzal d 300
higher flatty am%s %or example, glygeryfm%no o?ea¥e esters of long chain polycarboxylic acids

isopren

with diols, for example, the butane diol ester of a dimerized unsaturated fatty acid; oxazoline
compounds; and alkoxylated alkyl-substituted mono-amines, diamines and alkyl ether amines,

for example, ethoxylated tallow amine and ethoxylated tallow ether amine.
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5 nmL of toluene and an additional 2.0 g wet (as
recei ved) sulfided platinumon carbon catalyst. The
w@nioonta@aye was pressurized with 4,578 KPa (650r@BU§H000685204
hydrogen. The reaction was heated to 180C over 0.6
hours, and held at for 180C 6 hours. The reaction was
cooled and filtered, and volatiles were renoved by
O MhoRMA RS ﬂBdlfHk%d?ﬁ}QiEé%ﬂ-!‘ﬁﬁbl%e&@%&f—ﬁlﬂo sybasﬂhm compounds.
fromisopropanol to yield tan crystals mp
Such organ@-nmwmpm @Lcapmmﬁwb @ismgromdeamlbveld@ylanﬂ agtiwgar credits to a

lubrlcatﬁlg%gé ? eogﬁ}gog}tgq% C%gglﬁp);gs %a Sjc gc%h%?%gg%regé{lg%o }ﬁ(dfpbxm compounds

include5 . ffhsocaddnates, 78ﬁh16§lh'@sghéie§0 dith{ophlospdeiitdss RéntBatd) thioxanthates,
wi th added CD30D 2H, exchangeable wth

sulfidesgpagb) the 1 like,0 agd( m}lresltlgqeqf JBaricglafly peiprredy agp @olybdenum

ctiocs i oy gyt oy T orpogsy

46,6, 38, 25.1, 23.
Syitionpiy Sy @Oln Sorenima 8 o ppidic Eaispdinum compound.
These oREGNHI RRACOWitR azoaérctrﬁirygeﬁheainﬂmuﬁs ad %éayﬁ@d %9 mmctest D-664
A 1L stainless steel autoclave was charged with n“g
or D-2896 titesitige nprdcedviraeand 2814 typioply olhﬁemal@me In¢ludedl @reg mwdybdic acid,
as re ulfld ati numon ¢

ammontf§ HESBUNE Lol HETLBIE AIUTHAT, A B R i aikaline. metal
molybdﬁ&ls ghd othe bl PgRAUM daés [ @Chydlﬁgéﬁ@@dﬁlﬁﬂhﬁq%rﬁdhtel Q@@)CQV MoO,Br;,

urs. The reaction mass was cooled and filtered
M0203€1hdmvbflbé?fmné§1Qm¢ee0frsé‘ﬁﬁ%fe@“b9 modthgeyua\capweridson,
yielding 278.7 g of a viscous brown |iquid containing
Admgag e mlelrybﬂ@ynm chappunds- usebtlhinithe , @nipesitions dif dhis nevention are

organo RO, mBURHGAT U8 s PSR A RS TRgHT Mhcrcin i

an orgdn® g’ﬂoﬁf) d.;e%Z’éEder&nolfhe 2 HoNEoABstHgCHT hlq{??)ﬁa\f}"—l' ‘éralkyl and alkoxyalkyl
25nmet hyl -1, 3 - benzenedi am ne. .5 g of
generalyhef ﬁg@vb to 30 carbon atoms, preferably 2 to 12 carbon atoms and most preferably

1 C ohe 1 4- pet h zenedi a
ot o o UL BgE - PRLENy 0 S BB g bamacs of
molybdadurg. |sobutylaldehyde, 300 nmL toluene and 2.0 g wet

(as received) sulfided platinumon carbon catal yst.

Hﬁ@th’ék’%ﬁﬁl Q)\f%rg/@i%-lﬁé B&&Hubh? ESpd s ﬂséi’&pm%ﬁ)@h{bﬁ@gﬂng compositions

psi g) ydr ogen. e reaction was heated to
of this omefﬁntGDDS ateo@mslclfamdnhb'lbderalm faommoaé) Gspediallly st,hos"c'hef the formula

Mo BB AR SRy Dol ot e Pl shBaha: Raving organo

groups NRRPEELRA ﬁlﬁnwéraifd;aaion%t&nwto fenMbSHRUDNYoaM sbluBMi &¥ -dispersible
TEGST data for the resulting reaction mxture is

in the qil Qb#stféﬂnllnto'l"htﬁ gargs from 4 theughr ,dQ ipsdenied fipasthe group of neutral
electrorﬁ %ﬁ gd J?)I)( O%Bdg éhogg %Fart] egf”?unelsua cgl‘?ol\s/,vI phos%%nes and ethers, and z

umna O I'SO

ranges ﬁﬂml‘@todi adcinolndsy/dordstoiblvdierlic Galogd had ledst 31 b@tﬁlz@ﬂl@&i @&Bns should
ne SConpound having the characteristics reporte
be presea BRpnErhY dherigard aligape EUPs etpcham, FfleashdSe %Eést 30, or at least 35

carbon LBaR&L 1 on m xture by GC.

The following are exemplary of molybdenum friction modifier additives and are
commercially available from R. T. Vanderbilt Company, Inc.: Molyvan™ A, Molyvan L,
Molyvan 807, Molyvan 856B, Molyvan 822, Molyvan 855, among others. The following are
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IHNWR 8 6.64 s (111), 6.02 s (1H), 3.24 br (4H wth
CD30D 2H exchange, and the other 2H occur as 3.15 tt,
wWd10030%091 J2 = 3.5 Hz) 2.22 d, J = 7.2 Hz (2 PT/U00£/085204
s (311), 2.1-1.1 (21H), 0.92 d, J = 7.2 Hz (6H). 1013C
NVR: 8 144.33, 144.26, 132.7, 114.3, 96.0, 52.4, 52.2,
40.4, 33.9, 28.6, 26.3, 25.2, 23.1, 20.9, 16.8, 14.3.

also exértplaBAdtsueaddifliils ankir REtéiMefodlE HRlTRES AR D¥ARa Kogyo K.K.:
al so isol ated N1, N3-di cycl ohexyl - N1-i sobut yl - 4-
SAKURA{GUBERY 106- SR HRA-LURE k6% SV BA-h B BEoHif SAKWRAHHGBE 310G,

r 3¢t e h ot hfa h t Thi ri
SAKURASTBR 574 CSARUIENITREE 08, RVRA LUBF IS SAkyRa-147E 700,
among @thets.STHel H)llovﬁnér‘hhr@ a(sﬁ Hixemplazyt dfrsuCk %igﬁﬂirié h‘l(ﬁﬁ%ﬁﬂ%dﬁitilves and are

111 . tt =
commegq)igllfy?ggaiifablq?%}d){rf ka;gt Hglgej thgi;gllé;G%%}ﬂ;bKet@pf)@x% (1M, Ketjen-Ox

715, Skl gl AT 70 Syt Gl e

commefridllyBavadablt 4£n8Chdidsir2 Cofpgddatibn. 120. 47, 107. 44, 62.9,
53.9, 52.4, 40.7, 33.8, 30.0 28.3, 26.63, 26.58, 25.2,

P3u2poidfl ddpreskdnty, othBEwigdRowinad (¥ oil Bsan@hrotets (LOFI), lower the
.. Catalytic Hydrogenation of a 2,4-tol uenedi am ne -
minimuge tgnyRegatieniowhigh Nbs fluidy wilb flgwoer eapebe poured. Such additives are well

N o o " ) o '
o L HELUBALS S 4 AE SRR s oo v .
to Cis dibkkyhfiesaashery)] aseiarClopobnadrengdvdlymetladylites. Foam control can be

: | - i i t
s 1SS WL oL 45, 500 EOSHELEER R TR,

$§m%6oq(%h? %%velm%nﬁgﬁje]r(gaéidgtﬂv%s Ich%l Sp&%elgél %grﬁalft@i}fzii)( :2)? égfects; thus, for

e reacti on was CoO

exampléyes SingfBdddvd Yar atiasy a eipeaAt badatiod nheidr 9 7Fds apgibach is well
red Iiquid. N, N3-dicyclohexyl-4- 30

known gadpeed ot ke fiiher ¢laorgiadAerdni ani ne conpound conpri sed
69% of the reaction mxture by GC. WO
Egaopy ef sarrGivrushio R 988hels aff@siordplesest benzobréazole-, tolyltriazole-,

thidiazd1€> l"alntdl P%aheishiA c%rr)x(}gol'ﬁrn s,I and TR rli‘i(é:e.d The f-gﬁg\lmengsis an exemplary
corrosion inhibitors and is commercially available from King Industries, Inc.: K-Corr™ 100A2.
Examples of viscosity index (V.1.) improvers include olefin copolymers, dispersant olefin
copolymers, ethylene-a-olefin copolymers wherein the a-olefin may be propylene, 1-butene, or
I-pentene, or the hydrides thereof, polyisobutylenes or the hydrides thereof, styrene-diene

hydrogenated copolymers, styrene-maleate anhydride copolymers, and polyalkylstyrenes, and
the like.

Example of anti-foamants include polysiloxane, silicones such as dimethylsilicone and
fluorosilicone, and the like. The following is an exemplary anti-foamant and is commercially
available from Munzing/Ultra Additives: Foam Ban™ MS-575.

In the present invention it may be necessary to include an additive that maintains the

stability of the viscosity of the blend. Thus, although polar group-containing additives achieve a
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1H NVR 8 7.24 m (5H), 6.64 s (111), 6.02 s (1H), 3.78
s (2H), 3.26 tt, J1 =10, J2 =4 Hz (1H), 3.18 tt, J1
wWo2000/076021 = 4 Hz (1H), 3.0 hr (2H, exchanges wWd1US2008/085204
CD30D), 2.04 s (3H), 2.1-1.1 (20H). 513C NVR 8 145.1,
144.8, 141.2, 133.1, 128.86, 128.75, 128.72, 126. 3,
113.6, 110.3, 96.1, 52.3, 52.0, 39.9, 34.0, 33.4,
su1tab1y2ﬁ>w4 NlS@@sn%h in’fe %)re-%fenamglﬁ%é itl Bls B’e@ﬁ%b@&‘véd #8t -some compositions
Conpar ati ve Exanpl e 3-neck flask was fitted
1ncreaswm hiseasity evhsaagiorstli for grroloagedh geviodouptdslitivesdwhich are effective in
har d W, t h

control]ng thésgve ?cgég}ll %eﬁ%wﬁ 1%5\.59 agehyf\%ﬁ gﬁf“g %oc&bgB%ﬁ%g Igahzed by reaction

with métes G ldﬁtﬁ%dx@h@&ﬂﬁ’ loe adhy dllesriwhicht dra sl &f the PPopafhitioh of the ashless
xyl enes, and mL i sobutyral dehyde. The m xture was

dlSPerS%%@SééPf@IGb@QE dii?ﬂilOS@ddl um triacet oxyborohydride, 2.06
g, was added over 1.3 hours, and the reaction was N
é?{herrlrlaurimmgwmpqsuioas coffiaim emeact more whthenshovednengioned additives,
and an.a I ogdi.um e
cach ad{ifie. B SnAP Biste G0,k PAera i Mherrpeus e prblegdhe additive 10
provideSitd Géﬁfitdaﬁln&@&ﬁ f (Nepﬂeséhtaﬁ\l;b adelittantiimks Of $udiladditives, when used in
I sobutyl al dehyde and 1.04 g sodi um
crankcase lubsisantgy 4o rltstgdobqlw Mk ths eadersdistesharetstrted amweighh percent active
yas stirred for 0.7 h. The reaction was taken up in

lngredlxy1 enes, extracted wi t h aqueous SOdI um hydr oxi de, and

5Pk brovvnl sh orange oi I .

The oil was chronat ograph on al um na wi th hexanes.
ADDITP¥EH NVMR. 8 7.03 m (1H) . 6N2%4(D§sxrahlﬂ) 6. 240 Wt% (Breferred)

Overbag:diDéterge@is) , 3.38 m (28)1-12.88 d, J = 6 Hz0.Q4H), 1.94
Corrosiappdiibitir septet, J= 6 9048 (2H) 1.8-1.1 (200)1,50.90 d,

Anti-wehragént® Hz (12H). 13C WMRs 6150. 78, 129. 00, 0.106. 05,
Dlspersgl% 11 60. 97, 52.79, 3)11 Ay 26.91, 26.77,026 535,

Annoxﬁ IR N-H absent 3400 cm 1. 25In c@@gparison to
Pour Py %cyilnghgxylg)np% E'Ve xamle A 001-15
Ar}tlfowﬁ‘ﬁ y1l-1, 3-benzen m ne) convert ed 8%1 0.15
Frictio dftfar y anines to te am nes. Ther eV-{&s® no
Viscosify| laden{mpiever t he benzé npar ative EX&dpl e A.

Base st@npar at i ve Exanple B Balance (1 e. ~60 99.99) Balance (i.e. ~80 to 99.99)

Fully formulated passenger car diesel engine lubricating oil (PCDO) compositions of the
present invention preferably have a sulfur content of less than about 0.4 wt. %, such as less than
about 0.35 wt. %, more preferably less than about 0.03 wt. %, such as less than about 0.15 wt. %.
Preferably, the Noack volatility of the fully formulated PCDO (oil of lubricating viscosity plus
all additives) will be no greater than 13, such as no greater than 12, preferably no greater than 10.
Fully formulated PCDOs of the present invention preferably have no greater than 1200 ppm of
phosphorus, such as no greater than 1000 ppm of phosphorus, or no greater than 800 ppm of
phosphorus. Fully formulated PCDOs of the present invention preferably have a sulfated ash
(SASH) content of about 1.0 wt. % or less.

Fully formulated heavy duty diesel engine (HDD) lubricating oil compositions of the

present invention preferably have a sulfur content of less than about 1.0 wt. %, such as less than

51



10

15

20

25

A 250 nmL 3-neck flask was fitted with an overhead
stirrer, a thernocouple, and a WO

W@ D9HHHS0N91PCT/ US2008/ 085204 ni trogen inl et. AtEUS1088685204
was charged with 4.20 g of
N1, N3-di cycl ohexyl-1, 3- benzenedi am ne prepared as
described in Exanple 1, 26 nL tetrahydrofuran, 13 ni

about 06/ e %Smo?enﬁlreﬁbrﬁﬁy Tes§ YnUBobit D AGHL %3@9@16 95%@5 'tlfiﬁ abbBE0.15 wt. %.
reaction was heated to 40C and 2.4 ni heptal dehyde was

Preferablydthg I‘é@ﬁ@k vplntitity of the. fulth domadated FHDMAwbriating edl dooposition (oil of

dj t| 0 70 addi ti onal
tubrica B0 s eliER A b PO o o g ey grgter than 15,
preferabl9 moGeditmbie$2. Fhikky faRldt@NHIES lubailkihaUdl] EdnposittBDf the present
extracted with aqueous sodi um hydr oxi de, and washed

inventiqnprgterafily havipegreatsp thaa600@emy mhpehasys, pmlaas)/no greater than 1400
ppm o@%ﬁﬁ&%agltué,ﬁ p{) trnn(ét %ﬂe?ﬂgg ﬁl’?%nﬁ(?% ) ﬁl\;\%\?\ﬁ{]}'ﬁ%%%?%e %'u ly t](-)rmulated HDD
lubrlcath@(aﬂleﬁ)bqi)blyﬂonﬁ@éttm @resent invention prelekdblNNRve & fullited ash (SASH)
Y{é 6.08 m(3H), 3.52 m(2H), 3.10 m (4H),
Contentffsbqutﬂ QWBEpOorlFs89 10 t, J= 6.6 Hz (6H). 13C NVR

?ll}e 3%5%%8173 Eléﬂlgléqh :9 %ént?%(s eg%g .Oglg :ozgrbo.rg%’dgiﬁw concentrates

compnslﬂg 3aditivéR (chia¢dnabee rsbmatmﬁé@@mgmeferred to as additive packages) whereby

arison to anples 4 and 5, rrparatlve Exanpl e B,
several e&ﬁﬁ d&%ﬁ%‘%ﬂ@‘ﬁg’ &y fﬁsﬁe 9-torm fcalybupaimieaH srmposition.
A concéntPa@@Y&rth@ Qréplaﬁau%ﬁ %‘?%dlﬁbﬁ?ﬁmﬁrkﬁgc&ﬁ 65‘?&& &f the s%ﬁlslnventlon can,
here was no al kyl ation o e benzene 1 Co ve
for exalﬁpbn‘pbmalB frcﬁnabphte& 118-abdut het. n%—dﬁ(alkbdauedﬂ ’Ehglzleﬂedi}lrhme of the
ine oil fornu [

Byl
present RGP fat A0dP EPEBNIA Hiodk Ohe T oGNS HGEBFLHERAES about 2 to

about 2(0N&it, 3% o2 @n CARTIEE C&nﬁbkMaﬁWﬁhd/@plae phdf¥ficCatioxiint, a molybdenum
particular restriction on the type and exact

compoupdnioasinixtare théreefh ebortSetpidflvet. Pmott hdetergmutesnd fromtdbeut 2 to about 20
Iary test fornulation is a

%Ofﬁ%f%?ﬂfdél?y%entg&g%&bgﬁ Oﬁpﬁ 4%i1 onmitting AQ formul ated

Whé hnmmngp@bm@ﬁmegapmy R6Hist to\2BSwa %0, esrerabRestAPPWR %, typically
significant reduction in deposits that results

10 to 15f Wénﬁt pkthg sapeeniptea theyiemeindry beiag pdrddikridating viscosity and viscosity
modifiefccording to the practice of this invention, has been

convi ncingly denonstrated 25 in an engi ne oil

Atlr'maulght paoeiity ekprsdéddchdrbighuhReP ettRiwise indicated) are based on active
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Par anet ersSettings Test duration24 hours Rod

Tenper at ure285C Sanple size8.5 g (m xture of 8.4 g of

oil and 0.1 g of catalyst) Sanple flow rate0.25 g/mn

Flow rate (dry air)10 nl/pgamgled al ystO | sol uble

m xture containing Fe, Pb, and Sn The secondary

di arylam ne used in the test was a conplex m xture of
Exampllgrlmﬁaﬁlu%e A}k\dat.mh@il,,%ﬁenzmdl ine cl

am nes currently sold under the trade designation

g%gﬁﬁ lﬁt?ET téﬁﬁbut m&&&agﬁ%g&gﬁgg gviagl iﬁtYeda\i?f%ngrp | RrefHeqd stirrer, a

ent ura rporation. Oow gl ves
thermodduple] BAIBA nitespeh tislef. OFheofldsk wasndhargeidngtls 4t $tg t,8Hbenzenediamine, 800

L teug BB SISO Sous: B5b e i 1k BbetL rlasigirageric acid,
SodiumEtBERb Ly LRSIRITREY 160.612Y wal Haf&d 804 PXIHIARL as the reaction was heated

from 38°C to 65°C. The reaction was stirred at 65°C for 2 h. The reaction was extracted with

320 g 25% aqueous sodium hydroxide, and washed three times with water. Solvent was
removed by rotary evaporation to yield 96.4 g dark solid, which was recrystallized from
isopropanol to give light brown crystals, mp 84-86°C. The product crystals contained N'N°-

dicyclohexyl-1,3-benzenediamine.

'HNMR: §7.93t,J=7.8 Hz (1H), 6.95 dd, J; = 7.8 Hz, J,=2.3 Hz, (2H), 5.83 t,J=2.2 Hz
(1H), 3.42 br s (2H, exchangeable with CD;0D), 3.20 m, (2H), 2.1-1.1 (20H).
BCNMR: & 148.86, 130.24, 103.03, 128.704, 51.92, 33.92, 26.27, 25.35.

Example 2 — Catalvtic Hydrogenation of 1.3-Benzenediamine with cyclohexanone

A 1L stainless steel autoclave was charged with 108.1 g 1,3-benzenediamine, 294.0 g
cyclohexanone, and 2.0 g wet (as received) sulfided platinum on carbon catalyst. The autoclave
was pressurized with 4,233 KPa (600 psig) of hydrogen. The reaction was heated to 160°C for 4
hours. The reaction mass was cooled, yielding 272 g of a thick gray slurry, containing crude

NIN? -dicyclohexyl-1,3-benzenediamine, which was reacted further without purification.

Example 3 - Catalytic Hydrogenation of 1,3-Benzenediamine with Methylisobutylketone

A 1L stainless steel autoclave was charged with 108.1 g 1,3-benzenediamine, 300.6 g
methylisobutylketone (MIBK), toluene, and 2.0 g wet (as received) sulfided platinum on carbon
catalyst. The autoclave was pressurized with 4,578 KPa (650 psig) of hydrogen. The reaction
was heated to 160°C for 9 hours. The reaction mass was cooled, diluted with toluene, and
filtered. Solvent was removed by rotary evaporation, yielding 242.2 g of a reddish-brown liquid,
containing 78% crude N',N°-(1,3-dimethylbutyl)-1,3-benzenediamine. The crude material was

purified by vacuum distillation prior to use.
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Example 4 — Catalytic Hydrogenation of N' N°>-dicyclohexyl-1,3-benzenediamine produced by

Example 1

A 1L stainless steel autoclave was charged with 263.0 g of N',N>-dicyclohexyl-1,3-
benzenediamine reaction mixture prepared as described in Example 1, 59.5 g butyraldehyde, and
an additional 2.0 g wet (as received) sulfided platinum on carbon catalyst. The autoclave was
pressurized with 4,647 KPa (660 psig) of hydrogen. The reaction was heated to 180°C over 4
hours, and held at 180°C for 17 hours. The N',N°-dicyclohexyl-4,6-dibutyl-1,3-benzenediamine
has the characteristics reported below.

'H NMR: § 6.68 s (1H), 6.04 s (1H), 3.30 br (2H, exchangeable with CD;0D), 3.28 m (2H;
occurs at 3.12 with added CD;0D), 2.36 t,J = 7.7 Hz (4 H), 2.10 m (4H) 1.8-1.2 (24H), 0.96 t, J
=17.2 Hz (6H).

BCNMR: § 144.0, 130.6, 115.2, 96.3, 52.4, 34.1, 31.9, 30.5, 26.4, 25.3, 23.1, 14.4.

Example 5 — Catalytic Hydrogenation of N! N° -dicyclohexyl-1,3-benzenediamine produced by

Example 2

To 272 g of N' N*-dicyclohexyl-1,3-benzenediamine prepared as described in Example 2
were added 151.4 g isobutyraldehyde, and 2.0 g wet (as received) sulfided platinum on carbon
catalyst. The autoclave was pressurized with 4,578 KPa (650 psig) of hydrogen. The reaction
was heated to 180°C for 5 hours. The reaction mass was cooled and filtered. The resulting
liquid was separated, and the aqueous phase was discarded. Volatiles were removed from the
organic phase to yield 361 g of a viscous brown liquid, which solidified on standing,

Recrystallization from ethyl acetate provided an off-white product, mp 92-94°C,
containing 42% of Nl,N3-dicyclohexyl—4,6—diisobuty1-l,3-benzenediamine, along with 35%
NUN? -dicyclohexyl-4-isobutenyl-6-isobutyl-1,3-benzenediamine, as determined by GC/MS.

The N'N’-dicyclohexyl-4,6-diisobutyl-1,3-benzenediamine was further purified by
treatment with bromine in tetrahydrofuran. After workup with aqueous sodium thiosulfate, the
product was taken up in hexanes. The product was obtained by chromatography on silica gel
with 19:1 hexanes/ethyl acetate.

'H NMR: § 6.58 s (1H), 6.02 s (1H), 3.30 br (2H, exchangeable with CD3;0D), 3.30 m (2H;
occurs at 3.15 with added CD;0D), 2.22 d, J= 7.2 Hz (4 H), 2.1-1.2 (22H), 091 d, J= 6.6 Hz
(12H).
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BC NMR: 5144.0, 133.5, 114.1, 96.3, 52.4, 40.7, 34.1, 28.6, 27.5, 25.3, 23.1.
IR 3420 cm™ w-m, (N-H).
Example 6 - Catalytic Hydrogenation of N' N3-dicyclohexyl-1,3-benzenediamine produced by

Example 2
To 263.1 g of N',N°-dicyclohexyl-1,3-benzenediamine prepared as described in Example

2 were added 59.5 g butyraldehyde, and 2.0 g wet (as received) sulfided platinum on carbon
catalyst. The autoclave was pressurized with 4,647 KPa (660 psig) of hydrogen. The reaction
was heated to 180°C over 4 hours, and held at for 180°C 17 hours. The reaction mass was
cooled and filtered, and volatiles were removed by rotary evaporation. The reaction mass was
contained and the N',N°-dicyclohexyl-4-butyl-1,3-benzenediamine was isolated by column
chromatography as an oil, 93.5% pure by GCMS analysis. It has the characteristics reported
below.

'HNMR: § 6.80 d, J= 7.8 Hz (1H), 5.93 m, (2H), 3.62 br s (2H), 3.21 m, (2H), 2.33 t,J=7.7
Hz (2H), 2.05 m, (4H), 1.8-1.1 (20H), 0.932 t, J = 7.2 Hz, (3H).

IR: 3428 cm™ m, sharp, (N-H).

Example 7 - Catalytic Hydrogenation of N! N°-(1 ,J3-dimethylbutyD)-1.3-benzenediamine

produced by Example 3

A 1L stainless steel autoclave was charged with 68.1 g of N',N? -(1,3-dimethylbutyl)-1,3-
benzenediamine reaction mixture prepared as described in Example 3, 54.0 g isobutyraldehyde,
300 mL of toluene and an additional 2.0 g wet (as received) sulfided platinum on carbon catalyst.
The autoclave was pressurized with 4,578 KPa (650 psig) of hydrogen. The reaction was heated
to 180°C over 4 hours, and held at for 180°C 17 hours. The reaction mass was cooled and
filtered, and volatiles were removed by rotary evaporation. The liquid product mixture contained
74% of the desired N'N° -(1,3-dimethylbutyl)-4,6-diisobutyl-1,3-benzenediamine. The next
most abundant component was present at 6% (GC). This N N>« 1,3-dimethylbutyl)-4,6-
diisobutyl-1,3-benzenediamine compound has the characteristics reported below.

'HNMR: §6.58 s (1H), 5.99 s (1H), 6.00 s (1H), 3.55 m (2H), 3.15 br (2H, exchangeable with
CDs;0OD), 2.21d, J= 7.2 Hz (4H), 1.78 m (4H), 1.54 m(2H), 1.26 m(2H), 1.18 d, J=6.0 Hz
(6H), 0.96 d, J= 6.0 Hz (6H), 0.92 d, J= 6.0 Hz (12H).

IR: 3434 cm™ m, sharp, (N-H).
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Example 8 - Catalytic Hydrogenation of N' N>-(1,3-dimethylbutyl)-1,3-benzenediamine

produced by Example 3

A 1L stainless steel autoclave was charged with 68.1 g of N' N? -(1,3-dimethylbutyl)-1,3-
benzenediamine reaction mixture prepared as described in Example 3, 54.0 g butyraldehyde, 300
mL of toluene and an additional 2.0 g wet (as received) sulfided platinum on carbon catalyst. The
autoclave was pressurized with 4,578 KPa (650 psig) of hydrogen. The reaction was heated to
180°C over 4 hours, and held at for 180°C 14 hours. The reaction mass was cooled and filtered,
and volatiles were removed by rotary evaporation. The liquid product mixture contained 72% of
the desired N',N° -(1,3-dimethylbutyl)-4,6-dibutyl-1,3-benzenediamine. The next most abundant
component was present at 6% (GC). This N'N°-(1 ,3-dimethylbutyl)-4,6-dibutyl-1,3-
benzenediamine compound has the characteristics reported below.

'HNMR: § 6.68 s (1H), 6.00 s (1H), 3.72 m (2H), 3.35 br (2H, exchangeable with CD;0D), 2.52
m (4H), 1.94 m (2H), 1.72 m (4H), 1.58 m(4H), 1.47 m (2H), 1.36 d, /= 6.3 Hz (6H), 1.13 m,
(18H).

IR: 3435 cm™ m, (N-H).

Example 9 — Catalytic Hydrogenation of N.N’-dicyclohexyl-1.3-benzenediamine produced by

Example 2 with benzaldehvde

A 1L stainless steel autoclave was charged with 65.0 g of NI,N3-dicyclohexyl-l,3-
benzenediamine reaction mixture prepared as described in Example 2, 79.5 g benzaldehyde, 300
mL of toluene and an additional 2.0 g wet (as received) sulfided platinum on carbon catalyst. The
autoclave was pressurized with 4,578 KPa (650 psig) of hydrogen. The reaction was heated to
180°C over 4 hours, and held at for 180°C 4 hours. The reaction was cooled and filtered, and
volatiles were removed by rotary evaporation. The product was recrystallized from 4:1
hexanes/ethyl acetate to yield beige crystals, mp 152-154°C. This N' N3 -dicyclohexyl-4,6-
dibenzyl-1,3-benzenediamine compound has the characteristics reported below.

'HNMR: 8 7.25 m (10H), 6.78 s (1H), 6.00 s (1H), 3.80 s (4H), 3.3 br s (2H, exchangeable with
CD30D), 3.17 m (2H), 1.8-1.0 (20H).

>C NMR: & 145.39, 141.16, 128.74, 128.73, 126.30, 113.22,96.21,

51.83, 38.06, 33.40, 26.25, 24.8.

IR: 3424 cm™ s, sharp, (N-H).
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Example 10 - Catalytic Hydrogenation of N' .N>-(1,3-dimethylbutyl)-1,3-benzenediamine

produced by Example 3 with benzaldehyde

A 1L stainless steel autoclave was charged with 69.0 g of N',N°~(1,3-dimethylbutyl)-1,3-
benzenediamine reaction mixture prepared as described in Example 3, 79.5 g benzaldehyde, 300
mL of toluene and an additional 2.0 g wet (as received) sulfided platinum on carbon catalyst. The
autoclave was pressurized with 4,578 KPa (650 psig) of hydrogen. The reaction was heated to
180°C over 0.6 hours, and held at for 180°C 6 hours. The reaction was cooled and filtered, and
volatiles were removed by rotary evaporation. The product was recrystallized from isopropanol
to yield tan crystals m.p. 130-132°C.  This N'N°-(1,3-dimethylbutyl)-4,6-dibenzyl-1,3-
benzenediamine compound has the characteristics reported below.

'THNMR: § 7.12 m (10H), 6.77 s (1H), 5.98 s (1H), 3.79 s (4H), 3.40 m (2H; occurs at 3.15 with
added CD;0D), 3.15 br (2H, exchangeable with CD3;0D), 1.4-0.6 (10H), 1.01 d, /= 6.0 Hz
(6H), 0.82 d, J= 6.3 Hz (6H)., 0.79 d, J= 6.3 Hz (6H).

BCNMR: § 145.7, 141.2, 134.0, 128.72, 128.71, 126.3, 112.8, 95.3, 47.1, 46.6, 38.0, 25.1, 23 .2,
22.9,21.5.

IR: 3419 cm™ m, (N-H).

Example 11 — Catalytic Hydrogenation of a 2.4-toluenediamine derived compound

A 1L stainless steel autoclave was charged with 122 g 2.4-toluenediamine, 294 g
cyclohexanone, and 2.0 g wet (as received) sulfided platinum on carbon catalyst. The autoclave
was pressurized with 5090 KPa (722 psig) of hydrogen. The reaction was heated to 160°C for 3
hours. The reaction mass was cooled and filtered, and volatiles were removed by rotary
evaporation, yielding 278.7 g of a viscous brown liquid containing crude N',N*-dicyclohexyl-4-
methyl-1,3-benzenediamine (88% desired product by GC). Additional volatiles were removed
by a vacuum strip operation at 205°C, 13 torr, to yield 271.6 g of 92% NI,N3-dicyclohexyl-4—
methyl-1,3-benzenediamine.

Next, 71.5 g of the above N' N> -dicyclohexyl-4-methyl-1,3-benzenediamine was charged
to a 1L stainless steel autoclave along with 54 g isobutylaldehyde, 300 mL toluene and 2.0 g wet
(as received) sulfided platinum on carbon catalyst. The autoclave was pressurized with 4,240
KPa (602 psig) of hydrogen. The reaction was heated to 180°C over 0.8 hours, and held at for

180°C 7 hours. The reaction was cooled and filtered, and volatiles were removed by rotary

57



10

15

20

25

30

NI, N3- (1, 3-di net hyl butyl) -4, 6-

di butyl-1, 3- benzenedi am ne 18 Naugal ubeTM 438L 0. 75
waxaopta@d® 0.50 36 NI, N3-di cycl ohexyl-4, 6- PCT/US2008/085204

di benzyl- 1, 3- benzenedi am ne 19

evaporation to yield 87.5 g of a viscous brown liquid. TEOST data for the resulting reaction
mixture is reported in Table 5.

The crude product was purified by chromatography on alumina with 98:2
hexanes:alumina to isolate  N'N’-dicyclohexyl-4-isobutyl-6-methyl-1,3-benzenediamine
compound having the characteristics reported below. This material comprised 38% of the crude
reaction mixture by GC.

'H NMR: 8 6.64 s (1H), 6.02 s (1H), 3.24 br (4H; with CD;0D 2H exchange, and the other 2H
occur as 3.15tt,J1=9.9,J2=3.5Hz) 222 d,J =72 Hz (2 H), 2.01 s (3H), 2.1-1.1 (21H), 0.92
d,J=7.2 Hz (6H).

BC NMR: 8 144.33, 144.26, 132.7, 114.3, 96.0, 52.4, 52.2, 40.4, 33.9, 28.6, 26.3, 25.2, 23.1,
20.9, 16.8, 14.3.

IR: 3426 cm™ (m).

From the same chromatography was also isolated N', N3-dicyclohexyl-N'-isobutyl-4-
isobutyl-6-methyl-1,3-benzenediamine compound having the characteristic reported below. This
material comprised 16% of the reaction mixture by GC.

'HNMR: 6 6.77 s (1H), 6.44 s (1H), 3.24 br (2H; with CD;0D 1H exchanges, and the other 1H
occur as 3.16 tt, J1 =10, J2 =4 Hz), 2.76 d,J = 7.2 Hz 2 H), 2.60 m (1H), 2.25d,J=7.2 Hz,
2.15s(3H),2.1-1.1 (22H), 0.94 d, ] = 7.2 Hz (6H), 0.81 d, J = 7.2, (6H).

3C NMR: & 148.53, 142.8, 133.2, 123.0, 120.47, 107.44, 62.9, 53.9, 52.4, 40.7, 33.8, 30.0 28.3,
26.63,26.58,25.2,23.2,21.1,17.9.

IR: 3426 cm™* (m).

Example 12 — Catalytic Hydrogenation of a 2.4-toluenediamine derived compound

Next, 71.5 g of the N'N’-dicyclohexyl-4-methyl-1,3-benzenediamine described in
Example 11 was charged to a 1L stainless steel autoclave along with 79.5 g benzaldehyde, 300
mL toluene and an additional 2.0 g wet (as received) sulfided platinum on carbon catalyst. The
autoclave was pressurized with 3,375 KPa (536 psig) of hydrogen. The reaction was heated to
160°C over 1.4 hours, and held at 160°C for 1 hour. The reaction was cooled and filtered, and
volatiles were removed by rotary evaporation to yield 97.4 g of red liquid. N',N-dicyclohexyl-4-

benzyl-6-methyl-1,3-benzenediamine compound comprised 69% of the reaction mixture by GC.
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TEOST data for the resulting reaction mixture is reported in Table 5.

'H NMR: 8 7.24 m (5H), 6.64 s (1H), 6.02 s (1H), 3.78 s (2H), 3.26 tt, J1 = 10, ]2 = 4 Hz (1H),
3.18 tt, J1 = 10, J2 = 4 Hz (1H), 3.0 br (2H, exchanges with CD;0D), 2.04 s (3H), 2.1-1.1
(20H).

BCNMR: 8 145.1, 144.8, 141.2, 133.1, 128.86, 128.75, 128.72, 126.3, 113.6, 110.3, 96.1, 52.3,
52.0,39.9, 34.0,33.4, 26.4, 26.3, 25.3,24.9, 16.8.

IR: 3417 cm™ (m).

Comparative Example A

A 100 mL 3-neck flask was fitted with an overhead stirrer, a thermocouple, and a
nitrogen inlet. The flask was charged with 2.10 g of N',N°-dicyclohexyl-1,3-benzenediamine
prepared as described in Example 1, 18 mL tetrahydrofuran, 9 mL xylenes, and 1.4 mL
isobutyraldehyde. The mixture was heated to 52°C and sodium triacetoxyborohydride, 2.06 g,
was added over 1.3 hours, and the reaction was stirred for 30 minutes. The reaction was
warmed to 70°C, and an additional 1.39 sodium triacetoxyborohydride was added. The reaction
was stirred at 70°C for 1 h. An additional 0.7 mL isobutylaldehyde and 1.04 g sodium
triacetoxyborohydride, were added, and the reaction was stirred for 0.7 h. The reaction was
taken up in xylenes, extracted with aqueous sodium hydroxide, and washed twice with water.
Solvent was removed by rotary evaporation to yield 2.70 g dark brownish orange oil. The oil
was chromatograph on alumina with hexanes.

'H NMR: & 7.03 m (1H), 6.244 s (1H), 6.240 d, J = 6.6 Hz (2H), 3.38 m (2H), 2.88 d, J=6 Hz
(4H), 1.94 apparent septet, J= 6.9 Hz (2H) 1.8-1.1 (20H), 0.90 d, /= 6.6 Hz (12H).

BC NMR: 8 150.78, 129.00, 106.05, 104.11, 60.97, 52.79, 31.44, 26.91, 26.77,

26.35, 21.06.

IR: N-H absent at 3400 cm™.

In comparison to Examples 4 and 5, Comparative Example A, (N 1,N3-dicyclohexyl-
N',N°-diisobutyl-1,3-benzenediamine) converted the secondary amines to tertiary amines. There

was no alkylation of the benzene in Comparative Example A.

Comparative Example B

A 250 mL 3-neck flask was fitted with an overhead stirrer, a thermocouple, and a
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nitrogen inlet. The flask was charged with 4.20 g of N',N3-dicyclohexyl-1,3-benzenediamine
prepared as described in Example 1, 26 mL tetrahydrofuran, 13 mL xylenes, and 5.62 g sodium
triacetoxyborohydride. The reaction was heated to 40°C and 2.4 mL heptaldehyde was added
over 40 minutes. The reaction was stirred for an additional 70 minutes. An additional 0.4 mL
heptaldehyde was added, and the reaction was stirred for 80 minutes. The reaction was taken up
in xylenes, extracted with aqueous sodium hydroxide, and washed twice with water. Solvent
was removed by rotary evaporation to yield 5.60 g brownish orange oil. The oil was
chromatograph on alumina with 98:2 hexanes/ethyl acetate.
'HNMR: §7.03 t, J=8.1 Hz (1H), 6.08 m (3H), 3.52 m (2H), 3.10 m (4H), 1.8-1.1 (40H), 0.89
t,J=6.6 Hz (6H).
>C NMR: 150.11, 129.73, 101.77, 97.92, 57.80, 45.79, 32.28, 31.21, 30.46, 29.58,
27.69, 26.66, 26.33, 22.92, 14.36.
IR: N-H absent at 3400 cm™.

In comparison to Examples 4 and 5, Comparative Example B, (NI,N3-dicyclohexyl-
Nl,N3-dihepty1-1,3-benzenediamine) converted the secondary amines to tertiary amines. There

was no alkylation of the benzene in Comparative Example B.

Examples 13-21

Thermo-Oxidation Engine Oil Simulation Test (TEOST)

The engine oil formulation used in the tests contained the following components that are
commercially available. There is no particular restriction on the type and exact composition of
the materials in the context of the present invention. The exemplary test formulation is a fully
formulated Group II oil omitting AO, formulated with typical commercial additives as described
above. The significant reduction in deposits that results from the usage of a cycloalkyl-
benzenediamine, according to the practice of this invention, has been convincingly demonstrated
in an engine oil formulation by the Mid-High Temperature Thermo-oxidation Engine Oil
Simulation Test (MHT-TEOST). This test is an accelerated oxidation test. The test determines
the mass of a deposit formed on a specially constructed steel rod by stressing continuously a
repetitive passage of 8.5 of test oil under thermal-oxidative and catalytic conditions. The
instrument used was manufactured by Tannas Co. and has a typical repeatability of 0.15(x+16)

mg wherein x is the mean of two or more repeated test results. The TEOST test conditions are
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NI, N3-di cycl ohexyl- 4- benzyl- 6-
nmet hyl - 1, 3- benzenedi am ne Conparative Exanples CG
w@Ezparadi ve Exanpl e C contained only the 0. 75P6T/US2008/085204
secondary am ne base-treat | evel of antioxidant, with
no cycl oal kyl benzenedi am ne deposit
control /antioxi dant additive. Conparative Exanple D
listed i @abRi4N€ThellodetHRlanfRMOBH N6 b BRined YRS bitted thdkidation stability of
additional secondary 5 di phenylam ne for the
the oil.penzenedi ani ne deposit control/antioxi dant additive.

CONMpPdar-a Vve—T=Xanp O C U~ 0 cd
am ne base-trea \ tnt i oxj.dant, with 0.5%
Naugal ubeTM 5315\4*4&{%@ teS%ea‘B"SJtlﬁ‘?@t ed for the
cycloal kyl henzenedi ani ne deposit control/antioxidant
Tes{ daramejers Naugal S6®MEA 531 anti oxidant is a nixture of
Testdu@gonst ers of 34hodis- WO
Ro& Jesmpera6® 1 PCT/ USR8/ 085204
Sarhpletsizeut yl - hydr 0R\5cd (ikfirs 028 4d Gl ARl & OB IcEaRst)Y
sa@p@iﬂ@ma@ from Cbé%gthm;%l Cor porgét i on. CorrpgTngt i vg"l )
Flo @[gpngy ipcont ai q]g?hL/HgnO. 75% secondary am ne
hbase-treat” | evel Hl oxi i

¥

I%nt WI-_BhF . %aFI %ﬁzoneTM

E. nzenedi am ne deposit control/anti (;xi dant additive. )
Sg)@ Yy daryaming,usgd ip the test was a complex mixture of predominantly
mono-, Ni-un'dttf'%ﬁ?f&i hag M thides Rakanatl | id ™
conmer i al y gvéafﬁllmabl e from éﬁseo?ﬁggqu&;&%fgéaregﬁsgﬁ.gnéﬁqaugalube
438L, wgorhas aomwmerdaliynpyalableniemt Geerenenfbaroyatiodst Table 5 below gives the
latiopn ryn as prepared with no added i oxi dant ,

MHT- TR NG 2R o o Pl e b bt oe it & TGl 0.

Tabl e 6 Conp. Secondary diaryl am ne anti oxi dantW %

(my Exanpl edeposit) Naugal ubeTM 438L di nonyl

di phenyl am ne0. 7572 Naugal ubeTM 438L di nonyl

di phenyl am nel. 2559
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w90 os et hyl pent y1) - p- benzenedi am ne 0. 5048CT™MUS2008/085204
added anti oxi dant 0. 00110 The deposits obtai ned for
I nventive Exanples 13-21 are significantly | ower than
the 10 deposits obtained for Conparative Exanples C G
This denonstrates that theggpubgi cating ol
conposi tions cont ai Rirg. mggmsgﬁer I xtures of the
ends

dep03| t cont rol / anti oxi dant t he present

' bi J.
aﬂ“fi#f“?@h«?s 0 &%éqe?%fz?%'%%' . T (me

- deposit)

13 pe N&‘é@l 3t i noExampie &hg |de es undefrf ng 33
the present invention, reNeNe’rd@@C oalibriyle to t he
appended cl ains for an untértmnzenddngiod the scope of

14 theII\IQ&Cg%'iLfo%‘fMgsﬁo §gsaf f opd %@e'”"en“on Wap, gghe 35

S su I's thei 1 ver i S not
to be construed as limte gg-@% ?g'(% éf‘
enmbodi nents di scl osed, Py Qe ne‘H‘Bodl ment s
15 ar eNawgparbad &4 4381 i | 0.st ratExaanplat6her than Iimting.50 19

Changes can be nmade by t hN&d’skdylclat@xylnd-blugl-ar t
VVI t hout departl ng from t he 39RhpddedRnibdre 20 i nvention.

Syl of pa ent articles and ot h
16 eg ggf é@@r er ei ge{lebﬁu nc @dSO >4
their entlrety, |ntoth|s e erence
Conposi tions descri bed asdm@ Hﬁy'l bryzene Wﬁl ity of
17 demegi]mwpomgmt spase toEk)@nlgergst rued as i ncl udl()rﬂ) 56
conposi tions formed by adgt xPrystdigetdsivmagiag-urality

of defined conponents. 1,3 bmzenﬁdlamme _

2009/ 07 91PCT/ US2008/ 085204 yV\V1 al ned 1.

18 plg &l kyPdei ng gxafn@f’k?enzenedl am ne cor‘?p5<9und 36
conpr|5| ng reactlwgl\gdﬁwc&he&ﬂrﬁo@nyl conpound
with the 1, 3-benzenedi ani diberzyl) Subehzewediamimean

19 'ntﬁéx[%ﬂlb'ém%mer@w thegfdhsit 19ar bonyl conpoung 45 65
substituted on the respecNu}Qe(n@tJlglg Qtéwe

1, 3- benzenedi am ne; and dlben

nd
car d n er denz i ’?’%
20 pr e@%‘f'%be bSWR%S and g natl o ta ystO X0 51
form an al kyl at ed 1- 3- ben ‘ I%Y @Pg Bt he
second car bon%/ npound @%@Bsﬂ'@%ée@ﬁmm% central
21 ar oNengatubei™M 43 8t tﬁé75al kyEgareple 123-  benzenedi ani 860 10 30.7
2. The process of clai m IN' Meligictohekd-abkydyhted
1- 3- benzenedi am ne has a stthybl Brienzéedivavingg t he

Compalgatlvee Examfpl%g @'—Jha: (h)

Comparative Example C contained only the 0.75% secondary amine base-treat level of

antioxidant, with no cycloalkyl benzenediamine deposit control/antioxidant additive.
Comparative Example D contained 1.25% of secondary amine, substituting additional secondary
diphenylamine for the benzenediamine deposit control/antioxidant additive. Comparative
Example E contained the 0.75% secondary amine base-treat level of antioxidant, with 0.5%
Naugalube™ 531 antioxidant substituted for the cycloalkyl benzenediamine deposit

control/antioxidant additive. Naugalube™ 531 antioxidant is a mixture of C5-Cg esters of 3,5-di-
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weymboadobyl , C5-C36 aryl, C5-C36 heterocycl o, PCT/US2008/085204

structures: ; and -R 2CO2R-13; R3 and R4 are

i ndependently selected fromthe group consisting of

hydr ogen, C1-C36 al kyl, C2-C36 al kenyl, C4-C36

tert-but§ iy drakksthnantio- 4686 aad )ﬁls , comé&rdhillh edvaflgsly cfrém Chemtura Corporation.
structures: WD 2009/ 076091PCT/ US2008/ 085204 QvVQ
Compaggtisy apeple & contaipgd theibTepReqandary amineypase-diept levelsofagntioxidant,

with 0 '5'% %%ORJTMlﬁ%HﬁO%HQH gﬁ%nlgtétg’he'tdlsfo(rq}l§ %g/%l(ogﬂ(g) ’bef{%%ﬁécﬁicn’ﬁine deposit

control@ntlomdamnsadditlveg lélfexi‘(mdfl‘bgleh laEﬁdlnﬁgﬁl’t 1§1N§N’6b1@JrKf}thylpentyl) -para-
- I 6 ,

benzen% Mﬁ? '\ff@yﬁwc Cﬁw%%ﬁﬁﬁgpﬁgmu §h§‘@F‘E%t%‘éFPP¥a8ﬁ¥lt h&omparative

Examp%rzg L'!Jgﬂs &g‘f‘ §ke?1t1 31 t9§t fE i ?ﬂ&{&un C%ydgg;ghrfcg gf@%%%dégh &é%omdant The

MHT-THQST raSBHC2e mmléemmy"fabm 6 heldw. vvhe_r ein R12 is an

fromthe group consi st ngapfe(pi C20 al kyl, C2- C20

al k C20 cycl oal k C5-C20 aryl, C5- )
Comp. gt ?%B%Véharﬁ]r%@mﬁéﬁu‘?)fié%ntMZ i's not - CHRCHY!t /er (mg
ExamplectpcH( CH3) - ; and 10R5, R6. R7 and R8 are deposit)

C i ndSpegadiehet ¢38k Hoongdibharylantiee gr oup consi s676g of72

D Ci - R36gahitefV 43812 disaykdifkenylamicd- C36 cycl oal kg, 59

E C5- Nabzatubery 333- C38-diattridydisxysidaiydaeigeng.spr ovisged
t hat,-at, bl#eRdd 08 of R5, R6, R7 and R8 is not

F
G aI kl%%& t1 X tructur ey

hy dERgEM. Twﬂh\eNﬁ) %%gﬁgﬁlggﬁfenglﬁg-%&en%%%e” ‘)EEU {8

IIdVI LLL® LA HCIICI at I

The deposits obtained for Inventive Examples 13-21 are significantly lower than the
deposits obtained for Comparative Examples C-G. This demonstrates that the lubricating oil
compositions containing appropriate mixtures of the deposit control/antioxidant blends of the
present invention have superior oxidative stabilities to produce smaller amounts of deposits in
the MHT-TEOST.

In view of the many changes and modifications that can be made without departing from
principles underlying the present invention, reference should be made to the appended claims for
an understanding of the scope of the protection to be afforded the invention.  What the
Applicants submit is their invention, however, is not to be construed as limited to the particular
embodiments disclosed, since the disclosed embodiments are regarded as illustrative rather than
limiting. Changes can be made by those skilled in the art without departing from the spirit of the
invention. The disclosures of all patents, articles and other materials described herein are hereby
incorporated, in their entirety, into this specification by reference. Compositions described as
“comprising” a plurality of defined components are to be construed as including compositions

formed by admixing the defined plurality of defined components.
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wherein Rl and R2 are independently sel ected
fromthe group consisting of Cl-C20 al kyl, C2-C20
w@bdoenyoslr C4- C20 cycl oal kyl, C5-C20 aryl, C5- QOI/US2008/085204

het erocycl o; WD 2009/ 076091PCT/ US2008/ 085204
R3 and R4 are independently selected fromthe group
consi sting of hydrogen, Cl-Cm al kyl, C2-C20 al kenyl,

What is©daifé@icycl oal kyl, C5-C20 aryl, and C5-C20
heterocycl o; and R5 and R6 are

i a1k St of
Lo WSS ARMI e £y Bk, ARl Sk PO

feacifida firsy arbCylCthpoaehdwithythd b3 drdzdngdiaagencompamidde dorm an

that at | east. 5 one of R5 and R6.is not hydrogen. .
intermegiatg, aVhsreir S Irsl CAEpORY he PP R FWPSPH%@%W%5?%8“1@3““0%6“ of

5 the 1.3-bOERAGHSHIRMME has a structure selected fromthe
“group consisting of: wherein mand n are
teacieypea deroht \carbohglgenrspaind Oyithl thednwrmediatetinties preperen@f hydrogen

ot o e RS o S951 0 LML 0 KM Sty e seond

carbonyf3 cofifourddd is 2aQbsfRURA dndehd NQRArAPA¥Ematk: Tﬂi&gé, RSFOGIRS Sallflated 1,3-
cl ediamne is

aim 1, wherein the alkylated 1, 3-benzen
benzengkdmimeed from t he group consisting of N
10 , N3-di cycl ohexyl-4, 6-di butyl- 1,3 -b enzenedi am ne,

NI ,N3 -di cyclohexyl4,6-dii sobutyl- 1,3
2. The PARB&UMHIMEL, WiereiiNgretlepiste@ N eXYdnAnddidntine his & structure (1)

- benzenedi am ne, N ,N3 - 1 0dicycl ohexyl-4, 6-di benzyl -
having thegengrehfosmeli: ani ne, N, N3 -(1 ,3

-di net hyl butyl) -4, 6-diisobutyl- 1,3 - benzenedi am ne,

N,N3-( 1,3 -dinethyl btyl)-4, Rdibutyl- 1, 3

-benzenediamine, NI ,NB-( 1,3 -
di net hyl butyl) - 4, 6-di bgnzyl - 1,8.-benzenedi am ne, and
N, N3- di cycl ohexy k41 1-6-Ra
Rs Rs
R7 Rs

@
R; and R, are independently selected from the group consisting of C;-Cse alkyl, C,-Cas
15 alkenyl, C4-Csg cycloalkyl, Cs-Csg aryl, Cs-Cs6 heterocyclo, structures:

7N N—Ry1

; ; and —R1,CO2R3;
R3 and R4 are independently selected from the group consisting of hydrogen, C;-Cse
alkyl, C,-Cs¢ alkenyl, C4-Csg cycloalkyl, Cs-Csg aryl, Cs-Csg heterocyclo, structures:
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2009/ 076091PCT/ US2008/ 085204 6. The process of claim
wd.2o0ekmogi n the first carbonyl conmpound and sePONUS2008/085204

car bonyl conpound are i ndependently selected fromthe

group consisting of an al dehyde having the genera

formula: 0 p "15 5and a ketone having the general

fornul a: 0 R15R16 wherein R15 and R16 are

i ndependently selected fromt group consi sting of

Cl-Cm al kyl, C2-C20 al ke -C20 cycl oal kyl, C5-C20

aryl, Cb- 021;3 heterocyc 0 and a ring conpound for ned

by f usi n& o form a-CG4RG20 cycl oal kyl,

C5- C20 anhyl, @5 C20 Yeterogyclo. 10 7. The process
of claimy, vvhér ein the enzenedi am ne conpound is
a tol uen afd ne selected fr the group consisting

of 2, 4-yol uene dianmi ne, 2,6-tpltene dJ C@gg

2,5-tol'uene di am ne. 158. The process o cI a{? 1

where@i m ik e intelst ctlewd Sladt deha@ ie@)aRg) (R C Qﬂiﬁﬁﬂhﬁl dadhél® and R is
) “ai ructur(g selectedfromthef [ 1 owi ng #(})
indepe gelpeted, from ﬁlaeegweqﬂnwug%w &YQEPgFPo P%f‘é’ g@lo% alkyl, Co-Cse

emiEEIRL L G Elalag O O

wfncmmt Rli lels selected from the group consisting of hydrogen, oxygen, halogen, H, C;-
Cyo alkyl, C;-Cyp alkenyl, C4-Cyg cycloalkyl, Cs-Cyg aryl, Cs-Cyp heterocyclo; and

wherein Rj; is an C;-Cy alkyl or alkenyl group, and R,3 is selected from the group
consisting of C;-Cyg alkyl, C;-Cy alkenyl, C4-Cyo cycloalkyl, Cs-Cyg aryl, Cs-Cyo heterocyclo;
provided that R;; is not -CH,CH,- or -CH,CH(CH3)-; and

Rs, Rs, R7 and Rg are independently selected from the group consisting of C;-Cs¢ alkyl,
C,-Csg alkenyl, C4-Cs6 cycloalkyl, Cs-Csg aryl, Cs-Csg heterocyclo and hydrogen, provided that at
least one of Rs, R¢, R7 and Ry is not hydrogen.

3. The process of claim 2, wherein the alkylated 1-3-benzenediamine has a structure (II)

having the general formula:

T1 Tz
N N
Rs/ N Re

wherein

R; and R; are independently selected from the group consisting of C;-Cyg alkyl, C,-Cyg
alkenyl, C4-Cyp cycloalkyl, Cs-Cyg aryl, Cs-Cyo heterocyclo;
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Q; and -R12CO2R13; R3 and R4 are
wo padepaogent |y sel ected fromthe group consi stPamUS$008/085204
hydrogen, C -C36 al kyl, C2-C36 al kenyl, C4-C36
cycl oal kyl, C5-C36 aryl, C5-C36 heterocycl o,
structures: ; and -R 2CO2R13, 5wherein mis an integer
213 ai;dtIO4 &eaﬁlde@aﬁbm? sdledt€d (R (IR QroupnbaisBiing @AdydREen, C-Cy
and R113 is |ndepe ently sel ected fromthe group
alkyl, Coireg akk@mﬂg Cof2ngpstasget, Char o&gﬂnan@s-@sﬁheémewclo @@dcse
al ken C4- C36 cycl oaI kyl, C5-C36 aryl, and C5-C36
Retand %@ym gdependentiytseleeiod fiRu thesgroup @@n%ﬂlﬂgrdrﬁlt-ﬁm alkyl, C2-Cyo

ey 588, SRAFHEN L9 a8 RS L A0ED i o b

oneofMaHdR&Sn@@dﬁ@g&rocycl o; and 10wherein R12 is an
Cl- C20 al kyl" or al kenyl group, and R13 is sel ected

fromthe group consisting of Cl-Cmalkyl, C2-C20
al kenyl , C4-C213 cycl oal kyl, C5-C20 aryl, C5-C20

4, W@é@fe&%%ﬁé%lauﬂ?ﬁﬁ&h@%% {Hgaatlk}}%éd ﬁ%ﬁ&%ﬁl&ﬁw gaé) 5 structure

selected ficlapkag@np lcynssingaifed from the group consisting of
Cl-C36 al kyI Cr C36 al kenyl, C4-C36 cycl oal kyl,
.terocyclo and hydrogen, provided
R5, R6, R7 and R8 is not
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NI, N3-di cycl ohexyl-4-isobutyl-6-nethyl-1, 3-benzenedi am
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di cycl ohexyl- 4- but yl- 6-net hyl -1, 3- benzenedi an ne,
NI, N3-di cycl ohexyl-4-but enyl-6-nethyl- WO
2009/ 076091PCT/ US2008/ 085204 1, 3- benzenedi ami ne,

NI, N3-di cycl ohexyl-4-benzyl- 6- -1, 3- benzen

€,

- ben enedlan1ne

1, 3-

NI,

ne,

dlcyclo - benzy1l- 2- met hyl - :
A #%) 4- |sob5ty1 6-

5net yI

N1, N3- (1 3]di et

dlan1nz

nedi am pe,

4- ben v1-6-nethyl

benznedl am ne,

NI, N3- (1, 3-di net hyl butyl) - 4anr51uty1 2-met hyl - 1, 3- bénzene’
di,am. ne,

HhREATh aﬂgtwy Qfllesaedéﬁw Infegras AE9--1t 29rBenzenedi ani ne,
and NI, N3-(1, 3-di net hyI butyl)-4-

p 20dq gt ingependentiyeineasisdramidie 1810. The process
of claiml1l, wherein the second reaction is perforned
af&lewnemﬂs@rmm@pﬁmdmﬂz@l@eg@s 80DCGrand at a pressure
from 100 to 30,000 kil opascals. 1511. The process of
elhatein R;, RyhBg,eind Roluge Heftlredgdoad.i on cat al ysts are net al
catal ysts selected fromthe group consisting of
pl ati num palladium rhodium ruthenium osm um
iridium or nickel. 12. A lubricating conposition

Tﬁ@'ﬁfdcéésrtﬁ‘ 1AM, vihekd# tHCAkY 1890 9i3- ber@@ﬁed@mlﬂe is selected from the
kyl at ed - 3 bénezenedi am™he of “any one cl ai ns 2, 3,

group 04n51$img8)f N'\°-digyel dbiyl ¢6-dibntyl-1 - beyizeme didriip AN BN -dicyclohexyl-
4,6- dusobutyfJ ?@ Ze%?eendeldfaaﬁlﬁee I@fNﬁ g%ygl Eexyl—%-bnlﬁylgl',3—%enzene81am1ne, N'N3-
dicyclohexyl-4,6-dibenzyl-1,3-benzenediamine, N IN? -(1,3-dimethylbutyl)-4,6-diisobutyl-1,3-
benzenediamine, N' N> -(1,3-dimethylbutyl)-4,6-dibutyl-1,3-benzenediamine, N! ,N3-(1 ,3-
dimethylbutyl)-4,6-dibenzyl-1,3-benzenediamine, and NN -dicyclohexyl-4-isobutenyl-6-

isobutyl-1,3-benzenediamine.
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WD 2009/ 076091PCT/ US2008/ 085204 wher ei n R1
and R2 are independently selected fromthe group
weonsiHhsndng of Cl- C20 al kyl, C2- C20 5al kenyl , ¥/ CR1008/085204
cycl oal kyl, C5-C20 aryl, C5-C20 heterocycl o; R3
and R4 are independently selected fromthe group
consi sting of hydrogen, Ci-C2o0 al kyl, C2-C20 al kenyl,
6. Phe rSe s RaKY whetdin G0m¢ dﬂrbor%"l‘ BorfrPorsdind second carbonyl
het erocycl o; an R5 and R6 are independently
compougsl ase inskgpendenily prdeciedblipmabe rospicagsigingtif-agaddehlydty having the
- . al kenyl, C4-C20 cycl oal kyl, C5-C20 aryl, C5-C20
general@é?@%‘cycl o and hydrogen, provided that at |east 10
one of R5 and R6 is not hydngen. 15. A compound
havi ng the general fornul a: Rl and R2
are i ndependently sel ected fHom t he group consisting
of C1-C36 al kyl, C2-C36 15 R«QQ/I , C4-36 cycl oal kyl,
C5-C36 aryl, C5-C36 hetergcycl oyHstructures: WO
2009/ 076091PCT/ US2008/ 085204 QQN(Q mM\-R11 Q

and a ketone having the general formula:

o]

O

~N
R15/ R1e

wherein R;5s and Ry are independently selected from the group consisting of C;-Cyg alkyl, Cr-Cy
alkenyl, C4-Cy cycloalkyl, Cs-Cy aryl, Cs-Cyg heterocyclo and a ring compound formed by
fusing Rys5 and Ry to form a C4-Cyg cycloalkyl, Cs-Cyg aryl, or Cs-Cyg heterocyclo.

7. The process of claim 1, wherein the 1,3-benzenediamine compound is a toluene diamine
selected from the group consisting of 2,4-toluene diamine, 2,6-toluene diamine, and 2,5-toluene

diamine.

8. The process of claim 7, wherein the alkylated 1-3-benzenediamine compound has a

structure selected from the following formula:

|
N N

N
R3/ R4
Rs
Ry R6

R and R, are independently selected from the group consisting of C;-Cs¢ alkyl, C;-Cse
alkenyl, C4-Cs6 cycloalkyl, Cs-Csg aryl, Cs-Cs6 heterocyclo, structures:
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; and - RL2CO2R13; R3 and R4 are independently
sel ected fromthe group consisting of hydrogen, Cl-C36
w@bdoyb760e2- C36 al kenyl, C4-C36 cycl oal kyl, C5-E#36Us2094$/085204
C5- C36 heterocyclo, structures: ; and - RL2CO2R13,
S5wherein mis an integer of 1 to 8 and each Qis
(O(R9)(RL 0), wherein each R9 and R10 is
i ndependently selected fromthe group consisting of
hydr ogen, hal ogen, Cl-C36 al kyls/ C2-C36 al kenyl,
C4- C36 cycl oal kyl, C5-C3 and C5- C36
is selected fromthe
group co sth\ng o , , halogen, H C20
al kyl , - C20 at/kenyl - C20 Lycl oal kyl, C5-C20 aryl,
eroq??lo; and
Ryl group, and

erein R12 is an Cl-C20
is selected fromthe
group cgnsisting of Cl-C20 al kyl*, C2-C20 k .
C4- C20 “cycl oal kyl > C5-C20 aryl, C5-C202 defaﬂéng‘yﬁiéPo;
Rk, ainiddRd atehideféhdehtdy RelbcteHiZfaZhe @FoupCtéfstiliehiDS-ydadien, C-Cag
R5, R6, and R7 are independent|ly selected fromthe
alkyl, Cyréog plkemrls Coong brallol. Ga6 eand Cs- e helerss yelp amgiures:
C4-C36 CYd Qal kyi, C5-C36 aryl, C5-C36 heterocyclo and
hydr ogen, provided that at 15l/east one of R5, R6, R7
and R8 is not hydrogen, provi ded that the am nes
are positioped on the c aromatic ring in an 1,3
posi tion g€l ati ve
Q (Qm

)~Q
; and —R12COzR 3,

wherein m is an integer of 1 to 8 and each Q is (C)(Ry)(Rjp), wherein each Ry and Ry is

independently selected from the group consisting of hydrogen, halogen, C;-Cs¢ alkyl, Cy-Csq
alkenyl, C4-Cs¢ cycloalkyl, Cs-Cs6 aryl, and Cs-Cs¢ heterocyclo;

wherein Ry is selected from the group consisting of hydrogen, oxygen, halogen, H, C;-
Cyo alkyl, Cy-Cyg alkenyl, C4-Cy cycloalkyl, Cs-Cyg aryl, Cs-Csyg heterocyclo; and

wherein Rj; is an C;-Cy alkyl or alkenyl group, and R,; is selected from the group
consisting of C;-Cyg alkyl, C,-Cyo alkenyl, C4-Cyo cycloalkyl, Cs-Cyg aryl, Cs-Cyg heterocyclo;
provided that R, is not -CH,CH;- or -CH,CH(CHj3)-; and

Rs, Rg, and Ry are independently selected from the group consisting of C;-Cs¢ alkyl, Cp-
Css alkenyl, C4-Cs¢ cycloalkyl, Cs-Cs6 aryl, Cs-Cse heterocyclo and hydrogen, provided that at
least one of Rs, Re, R7 and Ry is not hydrogen,

provided that the amines are positioned on the central aromatic ring in an 1,3 position

relative to each other.

9. The process of claim 7, wherein the alkylated 1,3-benzenediamine is selected from the
group consisting of N, N> -dicyclohexyl-4-isobutyl-6-methyl-1,3-benzenediamine, N' N°-
dicyclohexyl-4-butyl-6-methyl-1,3-benzenediamine, N',N*-dicyclohexyl-4-butenyl-6-methyl-
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1,3-benzenediamine, Nl,N3-dicyclohexyl-4-benzyl-6-methyl— 1,3-benzenediamine, N' N°-
dicyclohexyl-4-isobutyl-2-methyl-1,3-benzenediamine, N' N*-dicyclohexyl-4-butyl-2-methyl-
1,3-benzenediamine, Nl,N3-dicyclohexy1-4-butenyl-2—methyl-1 ,3-benzenediamine, N!' N°-
dicyclohexyl-4-benzyl-2-methyl-1,3-benzenediamine, N',N°-(1,3-dimethylbutyl)-4-isobutyl-6-
methyl-1,3-benzenediamine, N' N°-(1,3-dimethylbutyl)-4-butyl-6-methyl-1,3-benzenediamine,
N',N°-(1,3-dimethylbutyl)-4-butenyl-6-methyl-1,3-benzenediamine, N',N>-(1,3-dimethylbutyl)-
4-benzyl-6-methyl-1,3-benzenediamine, N' N3-(1 ,3-dimethylbutyl)-4-isobutyl-2-methyl-1,3-
benzenediamine, NI,N3-(1 ,3-dimethylbutyl)-4-butyl-2-methyl-1,3-benzenediamine, N! ,N3-(1 ,3-
dimethylbutyl)-4-butenyl-2-methyl-1,3-benzenediamine, and N',N°-(1,3-dimethylbutyl)-4-

benzyl-2-methyl-1,3-benzenediamine.

10.  The process of claim 1, wherein the second reaction is performed at a temperature from

20°C to 300°C and at a pressure from 100 to 30,000 kilopascals.

11.  The process of claim 1, wherein the hydrogenation catalysts are metal catalysts selected
from the group consisting of platinum, palladium, rhodium, ruthenium, osmium, iridium, or

nickel.
12. A lubricating composition comprising:
a) a lubricating oil; and

b) an alkylated 1-3-benezenediamine of any one claims 2, 3, 4, or 8.

13. An additive comprising an alkylated 1-3-benezenediamine of any one claims 2, 3, 4, or 8.
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14. A compound having the general formula:

) N
N N

R3/ \R4
Rg Rs

wherein

R and R; are independently selected from the group consisting of C;-Cyq alkyl, C,-Cyg
alkenyl, C4-Cy cycloalkyl, Cs-Cy aryl, Cs-Cy heterocyclo;

R3 and R4 are independently selected from the group consisting of hydrogen, C;-Cy
alkyl, C,-Cy alkenyl, C4-Cyo cycloalkyl, Cs-Cyg aryl, and Cs-Cyp heterocyclo; and

Rs and R are independently selected from the group consisting of C;-Cyg alkyl, C-Cyo
alkenyl, C4-Cy cycloalkyl, Cs-Cyy aryl, Cs-Cyo heterocyclo and hydrogen, provided that at least

one of Rs and Rg is not hydrogen.

15. A compound having the general formula:

|
N N

N
R3/ R4
Rs
Ry Re

R; and R; are independently selected from the group consisting of C;-Csg alkyl, Cy-Csg
alkenyl, C4-C36 cycloalkyl, Cs-Cs aryl, Cs-Cs6 heterocyclo, structures:
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Q
7 Na NTRu

{
; ; and —R1,CO.R 35
R; and R4 are independently selected from the group consisting of hydrogen, C;-Cs
alkyl, C,-C36 alkenyl, C4-Csg cycloalkyl, Cs-Csg aryl, Cs-Csg heterocyclo, structures:

Q
" N N"Ru

{
; ; and —Rj2CO,R 3,

5 wherein m is an integer of 1 to 8 and each Q is (C)(Rg)(Rj¢), wherein each Rg and Ry is
independently selected from the group consisting of hydrogen, halogen, C;-Cs¢ alkyl, C-Csg
alkenyl, C4-Cs6 cycloalkyl, Cs-Cs6 aryl, and Cs-Cs¢ heterocyclo;

wherein Ry, is selected from the group consisting of hydrogen, oxygen, halogen, H, C;-
Cyo alkyl, Cy-Cyo alkenyl, C4-Cyy cycloalkyl, Cs-Cyg aryl, Cs-Cy heterocyclo; and
10 wherein Rj; is an C;-Cy alkyl or alkenyl group, and R;; is selected from the group
consisting of C;-Cyg alkyl, C,-Cy alkenyl, C4-Cyg cycloalkyl, Cs-Cyg aryl, Cs-Cyo heterocyclo;
provided that Ry, is not -CH,CH,- or -CH,CH(CHj3)-; and
Rs, Rg, and Ry are independently selected from the group consisting of C;-Cs alkyl, Cs-
Cs¢ alkenyl, C4-Cs6 cycloalkyl, Cs-Cse aryl, Cs-Csq heterocyclo and hydrogen, provided that at
15  least one of Rs, R¢, R7 and Ry is not hydrogen,
provided that the amines are positioned on the central aromatic ring in an 1,3 position

relative to each other.
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