WD 2009/ 076091PCT/ US2008/ 085204 ALKYLATED 1, 3- BENZENEDI AM NE
COVPOUNDS AND METHODS FOR PRODUCI NG SAME CROSS REFERENCE TO RELATED
APPLI CATI GRS 2009/076091 The present application clains @@rﬁfsh(;ﬂy,ogsgm
U S. Application No. 12/212,131, filed on 5Septenber 22, 2008, and
U.S. Application No, 12/001,951, filed on Decenber 12, 2007. The
entirety of each of these applications is incorporat ed herei n by
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di aryl afje08s] @Bfergnt i oxi dants are widely known in the art. The use of
1, 4- benzenedi am nes is also known, as exenplified in U S. Patent Nos.
2,718,501, 2,883,362, 3,211,793, 3,304,285, and 5,711,767, U.S.
Publ i cation Nos 2006/0128574 2006/0189824 and 2007/ 0006855,
0B11296592, and GB0835826 BA R ! F 008/ 085204
JP59020392, the entire contents and di scI osures of which are
i ncor por at ed.vbdraityy sbeh petlesensal inla faliesy of meathimiynes susveptibisrte oxidative
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oxidation. This oxidation, if not controlled, contributes to the formation of corrosive acidic

20  products, sludge, varnishes, resins, and other oil-insoluble products and may lead to a loss of
designated physical and tribological properties of the lubricants. These oxidation products may
lead to the formation of harmful 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
antioxidant additives in lubricants to prevent, at least to some extent, oxidation, so as to extend

25  the useful life of the lubricants.

Lubricant compositions containing 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 GBO0835826 and



5U.S. Patent No. 2,451, 642 di scl oses netaphenyl enedi am ne,
NI, N3- di et hyl - et a- phenyl enedi am ne, and

| auryl - netgg, %g,g%?ﬁnedi am ne as useful antioxidants fope /Hgl{ogé?&%ioﬁ‘g

oi |l conpositions tor use in environments where iron-catalyze
oxi dation reaction can take pl ace.
N, N - di net hyl - ort ho- phenyl enedi am ne, N, N

-di cycl par a- phenyl enedi am npe an i - .
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Speci fical | yrilagomhaMN egedi 2T NeRERACPRYRAS AMEOMSHIGNMbST, SERIYA:
METODY ANALIZA 1 KONTROLYA KACHESTVA PRODUKTSII V KHIMICHESKOI
25 PROMYSHLENNOSTI 18-21 (1980), describe the characterization of N, N’-dialkyl-para-
phenylenediamines reaction products obtained by the catalytic alkylation of 4-

aminodiphenylamine with C;-Cg alcohols.



NR2H Japan Patent No. 59-020, 392 di scl oses a | ubricant
conposition conprising N, N -di-secbutyl-para-phenyl enedi am ne for
pressure f 1 oil tanks. The lubricant conpositi

cont ai ns ﬁ?éggggaﬁ%henolic anti oxi dant. 15The foregoinSETiS%ﬁ%gﬁ%gs
are incorporated by reference. Wil e phenyl enedi am nes are known to
act effectively as antioxidants, these conpounds have been found to

compounds.  ShEnARLA0 T kbuniciedh Ut dFaRf BRERY Phenf 0 digmines of e
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contents (conmpounds havi ng Rel ati vel G/thydﬁocarbyl

substituents). Recent |ubrica hn of | C\fications for passenger
car diesel engine lubricati ng, 11 (\RCDO) t by original equipnent
manuf acturers (OEMs) have rgguired r | evel s of | ubricant
phosphorus (e.g., less than 800 ppm). To date, |ubricating oi

speci fi cati g5, diofad) RAVYNZRiHYIW-Hhees Bhark Johy | &R GRS RS I'(‘@g’.g%\l[l@’tv\%decyl-N’-

limted phosphorus c¢onteént, al'though”the next generation '
2009/ 0 PeGHNRGENVISPeOBhagBROdahine) i is avsed spredight stabilgars (o, gnsatungped insect

Cr-4) is_expect to do.so.. Ex t .11 orus content
(such ggm?ggfﬁﬂga6%%9%@”V%§§fPﬁgﬁagggghg%é%%@RFﬁnﬁﬁggﬁIIomable
amount s of su$f Baest Nek 6,300PB9 and $81%,461 disklosd icaitdint Men@dcho base odaction

zi nc di al kyl di t hi ophos t DDP)., one of_ the nost cost-effectiv
ant i we &F9NREOf 1@aner g‘%@oﬁ?‘?&iﬁ CngqAIpIngs, Iaﬁﬁlrdiegw?tor%ﬁoﬂﬁla&fiélrhl C%ﬁedlfg’gr.ml’

S which can be used in an antioxidant amount in lubricating oils, greases, and fuel compositions.

10 Specifically the phenylenediamines compounds have the formula:

—_— NR2H

X

HR'N \ /

Japan Patent No. 59-020,392 discloses a lubricant composition comprising N, N’-di-sec-
butyl-para-phenylenediamine for pressure forming of oil tanks. The lubricant composition also
contains hindered phenolic antioxidant.

15 The foregoing disclosures are incorporated by reference.

While phenylenediamines are known to act effectively as antioxidants, these compounds
have been found to be disadvantageous commercially, since the presence of such compounds,
when used in amounts conventionally used to provide antioxidancy, displayed adverse effects on
piston deposit and varnish control and also displayed aggressiveness toward fluoroelastomeric

20  engine seal materials. These adverse effects are particularly apparent with phenylenediamine
compounds having higher nitrogen contents (compounds having relatively small hydrocarbyl
substituents). Recent lubricating oil specifications for passenger car diesel engine lubricating oil
(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

25  duty diesel (HDD) engines have not limited phosphorus content, although the next generation of



BRI EF SUMVARY OF THE | NVENTI ON In a first aspect of the
present invention, there is provided a process for alkylating a 1, 3-
benzenedi ound conprising reacting a first ca und
with the %ﬂé@&%@ﬁgp hedi ani ne conmpound to form an |nterﬁ§§E§%%§8gP9
wherein the first carbonyl conpound is 10 substituted on the
respective nitrogens of the 1, 3-benzenedi am ne and reacting a second

car bonyl, conpound w th the raedi ate i,n the oPr f. d
S I AR e i G N R
wher ei Ro#itbet (Seuhcazdo qao@pwlorqmpaum deduStlcﬁ’lsbﬁ tthet allod@blRruniduatsadntifabd ash
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15In a céﬁfé@ﬂ%&n%%ﬁ%armnnéﬂgmﬂ %&%ﬁmnd's ANRRULR Rant B8 BatbScaRnQY ded a
conmpound havi ng the general fornula: wherein 111 and R2 are

i ndependent|y selected fromthe group consisting of Cl-C20 al kyl,

C2- C20 al kenyl, C4-C20 S C20 heterocyclo
R3 and R4 are independef#f‘fﬁﬁ MMA sikubhoNiien p consi sting of

hydrogen, C%n %8& %Leql% of € Pr%%@né %&d\}%&f’gﬂ ’thcf%g%%g‘“&é/‘ﬂ IfOr 3]%?}’-1%% al3-

aryl, and erocyclo are |nd
sel ect e;dnzfenedm’hime gngpopnd mmismggre@étn@la()ﬂﬁt alatbphyl Gmnﬁdeaka e , 1,3-

C4-C20.c cIo , Cs-C2 C5- C20 .het I d hydr , ‘
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invention, there is provided a conpound havi ng the general fornmula:
RL and cRmpays with e iirmediptesial the peagetice ovh hyeoegh aud adwiEieseatioy cflyst to

Cl- C36 Cfgxlgr%r!l alk§areti6s g@tlzgﬁéa}gmm%}@e@n ﬁ%%%&ﬁld%bonﬁ%oﬁgmﬁf ¥lsubsRnddSen

het ero ructure
the central aromatic nng of the alkylated 1,3-benzenediamine. The first and second carbonyl

compounds are selected from aldehydes and ketones.
15 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;-Cyo alkyl, Co-Cyo
alkenyl, C4-Cy cycloalkyl, Cs-Cyg aryl, Cs-Cyp heterocyclo; R3 and Ry are independently selected

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



R3 and Rit are independently selected fromthe group consisting of
hydr ogen, Cl-C36 al kyl, C2-C36 al kenyl, C4-C36 cycl oal kyl, C5-C36
aryl, C5- cyclo, structures: (OmNNR 0/ ,
-RlZCOZRl:?é_ZL@%@E}% n, mis an integer of Ito 8 and eagﬁ@gg%ogsmsszm
(O (RO) (R10), wherein each R9 and R10 is independently selected from
t he group consisting of hydrogen, hal ogen, Cl1-C36 al kyl, C2-C36

al kenyl, 4 I 5 . - o
wherein Rl 111?3%6%%%{?3?%5 rtg?ngtﬁﬁgﬁg Fg%%lhg’oﬂlgﬁsﬁ%ﬁa@g?d E%ﬁ%’ggﬁ& |th1ng the
oxygen gehgbldgemylaH, Cl1- C20 al kyl, C2-C20 al kenyl, C4-C20 cycl oal kyl ,
C5-C20 aryl, C5-C20 heterocyclo; I{;md WO 2009/ 076091PCT/ US2008/ 085204
wherein R12 is an Cl-C20 al kyl or,'al kétsl gifoup, and R13 is sel ected
fromthe group consisting of Cl-Q20 al kyl, lCZ C20 al kenyl, C4-C20

cycl oal kyl, C5-C20 aryl, C5-C20 h® ,\%rQovi ded that R12 is not
-CH2CH2- or -CH2CH(CH3)-; andR; 1IR4A and R7 are

i ndependently selected fromthe gr $i sting of Cl-C36 al kyl, C2-
5C36 al kenyl, C4-C36 cycl oal kyl Rs C5- C36 het erocycl o and
hydr ogen, provided that at

R and R; are independently selected from the group consisting of C;-Css alkyl, Cy-Csg
5  alkenyl, C4-Cs¢ cycloalkyl, Cs-Csg aryl, Cs-Csg heterocyclo, structures:

N_"""R»“

Q
N
Q/ (Qm
}.Q
; ; and —R12CORy3;

R3 and R4 are independently selected from the group consisting of hydrogen, C;-Csg
alkyl, C;-Cs6 alkenyl, C4-Csg cycloalkyl, Cs-Csg aryl, Cs-Csg heterocyclo, structures:

Q
Q/ N N—Ru

d
; ; and =R 12COR 3,

10 wherein, m is an integer of 1 to 8 and each Q is (C)(Rg)(R1¢), wherein each Rg and Ry is
independently selected from the group consisting of hydrogen, halogen, C;-Csg alkyl, C-Css
alkenyl, C4~Csg cycloalkyl, Cs-Csg aryl, and Cs-Cag heterocyclo;

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

Cy alkyl, C5-Cyp alkenyl, C4-Cy cycloalkyl, Cs-Cyq aryl, Cs-Cyg heterocyclo; and



| east one of R5, R6, R7 and Rg is not hydrogen, ~provided that
the am nes are positioned on the central aromatic r|ng inan 1,3
position r é each other. In one enbodi nent, g, 20 85204

1, 3- benzen‘g ?gdr%l)()ﬁ%)gl?s derived from tol uene di am ne sel eSi”Ué %?

the group consisting of 2,4-toluene diam ne, 2,6-toluene diam ne, and
2, 5-tol uene di am ne. In a fourth aspect of the present

invention, theksn i, i Qﬁltq%lo %ﬁ[ ngﬁén}t k&ﬁhaﬁn N9 s8ected from the

1, 3- benzenedi am ne ¢onpound rising pr vidi ng a carbonyl conpouna ’
sel ect egn$isting efte-gralylconShsalkenyl, df+-Gmn cablddhyldéls%y By Cﬁsh@zogrereecrcablo

f or mul general formula: O

R15R/ G%M%‘g?%dthatgligjn%?Warer&{ﬁmgﬂg)é’nat“ﬁy sel ected fromthe group
consi sting (Ks, Ea, a@a%akd(mﬁepeﬁaerm&elabtk@ﬂyshm tge]gr@gQgﬁ%g rgeﬂfl(xl@fq %%yng
aryl eroc ri ound forned by fusing and
R1G > to(‘\?‘éra ¢ 4'62@3/@@!18; %y 36 9. Ev6oe hejerocygio emdl plogsa; proyided (thet at
and r ededst &g of W0, gp@g/aggﬁgg%qmgg%goow 085204 t he carbonyl conpound
with the 1, 3-benzenedi am ne conpound in the presence of hydrogen and

a hydr ogenatrodedathal iie mmirsstase pesitiosed wotthe ectiieal arenatinginganenal,3 position

f or mul Q'elat%e%ﬂ]o and R2 are independently selected fromthe group
consi st né ég%r al kyl, C2-C20
In one embodiment, the 1,3-benzenediamine is derived from toluene diamine selected

10 from the group consisting of 2,4-toluene diamine, 2,6-toluene diamine, and 2,5-toluene diamine.
In a fourth aspect of the present invention, there is provided a process for alkylating a
1,3-benzenediamine compound comprising providing a carbonyl compound selected from the

group consisting of an aldehyde having the general formula:

ﬁ

c

15 and a ketone having the general formula:

O:O

/

Rig
wherein R;s and Ry are independently selected from the group consisting of C;-Cyq alkyl, C2-Cayp
alkenyl, C4-Cy cycloalkyl, Cs-Cy aryl, Cs-Cyo heterocyclo and a ring compound formed by
fusing Ris and Rys to form a Cy4-Cy cycloalkyl, Cs-Cyg aryl, or Cs-Cag heterocyclo; and reacting



5 al kenyl, C4-C20 cycl oal kyl, C5-C20 aryl, C5-C20 heterocyclo; R3
and R4 are independently selected fromthe group consisting of

hydr ogen, - |, C2-C20 al kenyl, C4-C20 cycl oal k

aryl, and ‘%-2@26}8?%gerocycl o; and R5 and R6 are indepe% g/nt ;/)%204
selected fromthe group consisting of Cl1-C20 al kyl, C2-C20 al kenyl
C4- C20 cycl oal kyl, C5-C20 aryl, C5-C20 heterocycl o and hydrogen,
provid E RB:J r j
Bepect o P o B A S Een AR iR o O sene by rddeh bl
al ky| atd ygregenatdn cplalystioddima astmectwe hpGog thegengrali feinmga:pr ovi di ng a

first carbonyl conpound selected fromthe group consisting of an

al dehyde having the general forBula: 0 15 anB:a ketone having the
general formula: O rp.pop "is"1 whereiln R15 and R16 are

i ndependently sel ected from thengroup consistyng of Cl-C20 al kyl,

C2- C20 al kenyl, C4-C20 cycl|@3a‘l/ky|, 5 Nyl - C20 heteroeyclo

ind R16 to forma C4-C20

cycl oal kyl, C5-C20 aryl, or C5-C20 heterogyclo; WO 2009/076091
PCPUS2008/ 085204 provi di ng a segcendsarbomy conpound sel ected from
an al dehyde having the general Rornul a. Rs

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

5 alkenyl, C4-Cy cycloalkyl, Cs-Cy aryl, Cs-Cyo heterocyclo; R3 and Ry are independently selected
from the group consisting of hydrogen, C;-Cyg alkyl, C2-Cy alkenyl, C4-Cy cycloalkyl, Cs-Capo
aryl, and Cs-Cyo heterocyclo; and Rs and Ry are independently selected from the group consisting
of C;-Cy alkyl, C2-Cy alkenyl, C4-Cy cycloalkyl, Cs-Cyp aryl, Cs-Cy heterocyclo and hydrogen,
provided that at least one of Rs and Rg 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:

0

c
R15/ ~y

and a ketone having the general formula:

O———=0

R15/ ~

15 R1e

wherein Rys and R4 are independently selected from the group consisting of C;-Cyg alkyl,
C2-Cyo alkenyl, C4-Cy cycloalkyl, Cs-Cyg aryl, Cs-Cyg heterocyclo and a ring compound formed
by fusing R;s and Rs to form a C4-Cyg cycloalkyl, Cs-Cyg aryl, or Cs-Cyp heterocyclo;



0 R1?H and a ketone having the general formula: 0 R16R16
5wherein R15 and R16 are independently selected fromthe group
consistin f - 20 al kyl, C2-C20 al kenyl, C4-C20 cyc I - C20
aryl, C5-%§§2%§%g§%%yclo and a ring conpound forned bykgﬁéﬁﬁgwﬁégmand
R16 to forma C4-C20 cycl oal kyl, C5-C20 aryl, or C5-C20 heterocycl o,
wherein the first carbonyl conmpound is different than the second

car bony, o dl i fd - i .
L Do e P seleSled SR AN e SRR o fogute
hydrogenation catalyst to fow an integredi ate having a general
formul a sel ected fromthe group consis rng of: R16 \ CH2H2C /1216
WO 20091076091PCT/ US2008/ 085204 reacti%g t he second carbonyl conpound
with the internediate conpound in th resence of hydrogen and a
hydrogenation catal yst to formthd%al kyl at'dd 1, 3- benzenedi ani ne

compound having a general fornula selected fromthe group consisting
of and a ketone having the general formula:

O—OQ

R15/ ~

R1e

5 wherein Rys and Ry are independently selected from the group consisting of C;-Cyg alkyl, C5-Cap
alkenyl, C4-Cz9 cycloalkyl, Cs-Cyg aryl, Cs-Cyo heterocyclo and a ring compound formed by
fusing R;5 and Ry to form a C4-Cyg cycloalkyl, Cs-Cao aryl, or Cs-Cyp 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

10 hydrogenation catalyst to form an intermediate having a general formula selected from the group

consisting of:

Ris Rie Ris Rie Ris Ris
AN / N/ N/
CH, HQT CIH CIH
N N N N
y s \H ! - \H
and ;and



wherein Z=1-1, and a=0, 1, or 2. In a sixth aspect of the present
invention, there is provided a lubricating oil conposition,
conprisin one base stock of lubricating vis !
anmount frgﬁ?ggmm?@g{o 99.99 Wt % based on the total nag§§g?x?%§5ﬂﬂ
conposition; and an antioxidant in an amunt from0.01 10 ww%to 6

wt % based on the total mass of the conposition, the antioxidant
comp | skindlind S@8h BonHQ2ARUP THASEGHCHS2ANE 0580 FOMRqUELce of
havi ng a s??ucture % 1) O%@f%g t he general eornﬂ? ¢ R? g% ggn %f °
and R2 hydegemdap enlishegepatinnl eaalpd tb rform tthee alijylated h@hsmncmgnmﬁ cChpoRel
al kyl , 0] I C aryI, C5- C20

h%g g% gﬁ%érleﬁ%gw g}ec?zdof ™ %h 1{;?/ cohmci\?neg& ad

heterocyc are i ndep en 5 fromthe group

consi sting of drogen, C1-C20 alky - C20 kenyl ,, C4- C2

cycl oal kyl , CSF%iQ\aryl and C5- CgﬁkﬁéﬁgF cyp?%s and B5 angr are

|ndependently sel eadrd fron1thengoup consc&tlng of Cl-Cefa al kyl,

C2- C20 al kenyl, C4-iC20 cycloalkygﬁ - C20 aryl C5- C20 heterocycl o
R5 and R6 is yot

and hydr ogen, provqped that at | gast one of \
hydrogen. In ahé eventk L _ef” the,p m
provided a N di al k I-4,6-mialky|- 0 1, 3- oenzener
enbodi nent the N, N3-di :

a NI,hB-dicycIohexy1-<
NI,hB-dicycIohex?@Qa4,6-d|

Ris Ris , Ris Ris
R1s Ris R R R R
N\ / 15 16 15 16
| | |
N N
H/ \H y s \H
‘ C(Z)
C(2)q a C(2)s C(2)a
/ R15/ R / \ R / \
5 Ris R16 and 118 Ris 15 Ris .

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



In an eighth aspect of the present invention, there is provided a
l'ubricating oil conposition, conprising at |east one base stock of
| ubricati y in an amunt from80 15 wt%to
based on Bﬁ0¥¥§ﬁtﬁénass of the conposition; and a 88n%gﬂw5m%mm

NI, N3-di cycl oal kyl-4,6- dial kyl-1, 3-benzenedi anine in an anmount from
0.01 wt%to 6 mﬁ@bbased on the total mass of the conposition.
DETAI L 9§§gﬁ[ ﬁﬁﬁ%g NTS 20l ntroducti on
The prggght |nj§E{%%%£ﬁg£H§he§ﬁg FateggkgEalkylated
1, 3- benzenedi am nes and proce§§es for al kyl &ei ng 1, 3-benzenedi ani nes.
In one enbodi nent, 1,3-benzenedi amne is alkylated with an al dehyde
or ketone in the presence of reduciQg age to form secondary am ne
groups. Optionally, the 1, enZengdi amNpe ié\$§acted with an
al dehyde or ketone using 25cata|yu|c hydi{ ogenatidn. In either case,
the nitrogens of the 1, 3-benzenediiam nes|{are sel ectively al kyl ated

' ot~ TJhe resulting .

, N3-di al kyl ated-1,3- WD 2088/ 0760 1PCT/UQ2008/Q§5204

benzenedianine product is then reacted with an al dehyde or ketone

usi ng oatesdiyRiy andRgl mgﬁat@temmly AltdiediGomithé Brosp comektial by b{ibzd)élkﬁt €RCy

N g I Fia e e RRIREE S e B s hiteronieto:durpd s pifgRdepently selected
unez pe@toedtmé O kSR 6f @}Qiréééﬁt Ci- @FU auiéﬁ C%lezof élké.gl & k), %&&Meﬁmﬁt eRC,,

t he second al kyl ati on step selective s the centr
ar onat B lrandCsf2o heferogyelys aad &g and Be b@nlzdmemﬂeaﬂy sedecteiHioan thetproyprcwossting

prefer 0 )
N o G RyLH G lksyl, € Capevplogliyh CCrn vl Garra etergpyely and pydragen
, N I : mVNBadaha(yalemﬂone Gﬁlbseazrlkizlenenbtanydmgm Novel Al kyl ated Benzene
Diam nes |In accordance with the enbodi nents of the present
i nvention, & gsaventbhasgecteibs presenoiivertion, fh@reha;srobﬁiea aﬂ\ﬁ;}ﬁcﬁuﬂﬁyl Qekalkyl-
ubstltuted b

1050 ¢ dR ettt e Rk B imeat, o Ny stk GBS L Seheneenediamine

on thec@xﬁpﬁ&l’s aaNcb mﬁidl@crdhwlﬂeﬁl&aﬁtkfﬁp3%%&&%@1& QudRCasNURP ¥ §ElohM& 1-
deposi t Cé)l é H}gents I n general conmposi tions according to

enbodi ftéh tﬁﬁﬁ@ﬁ?@éﬁwconprlse a fluid subject to oxidative
degradati onpangd aBh@MiNat: n u e .
15 additive sufflglentﬂﬁo stag ﬁ?%% ﬁﬂbh$#P§%&% §|ﬁ§$%$ épﬁgﬁﬁgkn%)ml
of depeeipesitidng comprisng adicast g bN;essmda&t aftlubrézitibg Nmeaswglnalan ragmoust from 80
the<fo blesa substitut
beﬁ%ene | gtfr?] g%ngrﬁ-% & veed ﬂ%%he%ﬁ?? % cﬁﬁ‘p(’s‘ ion, WK N alcycloall%ﬂ-élﬁ-
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

20 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
25  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



RI and R2 are independently selected fromthe group consisting of

| i near or branched Cl 20 C36 al kyl, linear or branched C2-C36

aI kenyl unsubstituted C4-C36 cycl oal kyI ed
unsubstlp%dg(?%eg C36 aryl, substituted or unsubsti tut e@g@g@?g&

heterocyclo, structures: QANN(O)", ) WO

2009/ 076091PCT/ US2008/ 085204 mis an integer of 1 to 8 and each
Qis ( , RLE h n i p l.y e
fromt %%%%%%11 %n &i'st |E ﬁglgoﬁéﬁyﬁ%egngltﬁ%%ggﬁéﬂﬁ?nggﬁge%nebrgiﬁ%hgagﬁ%c

Cl- C36ydtdgghatiohi Aéthouglr thipreoaidedkyG2ioG36&payduddsiinilady bs txpeateeé o akylate the
unsubst i t.ut ed CA4- bstl t ed or, .unsubst.ituted C5-
oot it Bt S e e PRt e B sPE R il e nepectedy

5 been Wb edred Riat, urﬂlkﬁeﬂhe(ﬁr@tdalkijl@ﬁbri bep gtheUecanslkglaiitty s@p selectively
hydr ogen, .oxygen, ha{ ogen,, H, linear or branched Cl-C20 al kyl, |inear
of Br artidehecomta ROFHC ek fheglkrad lutrbensenadiamiag Ghiigotye process

cycl oal ti ed g 1 it
u%substﬂfﬁ?nﬁétl Cf:%ll(rjﬁshetNEej %(L:t{/iillld%ﬁéda%g d?i%k)%éfg% li@l‘:wén’edéﬁer El nll‘(!&lﬁg ithan

an I|né‘ér,NGNaNr-a}k&ﬁé@tléib@Z@ledﬂameSor al kenyl group, and R13 is
sel ected fromthe group consisting of linear or branched Cl-C20
al kyl , ; i pldia®neS20 al kenyl substituted or

bstit t | I | k t ed bst
oyl Subst ?? e e s s e st e B et
R120i s Hagbeen@odbdH2ot oaly for CHAGHKHNIHE] benzenediamines, but also for 1,2 and 1,3-substituted

diamines as well. Benzenediamines with substitution on the center aromatic ring have also been

found to be highly active deposit control agents.
In general compositions according to embodiments of the invention comprise a fluid
subject to oxidative degradation and an amount at least one N-substituted benzenediamine
15 additive sufficient to stabilized the fluid against the formation of deposits. In one embodiment,
N-substituted benzenediamine is in the form of a free base, or an oil-soluble salt. The N-

substituted benzenediamine additive has the formula;

R4 Ra
N N
Ry Ry
Rg Rs
R

R} and R; are independently selected from the group consisting of linear or branched C;-
20 Cse alkyl, linear or branched C,-Css alkenyl, substituted or unsubstituted Cs-Cs6 cycloalkyl,
substituted or unsubstituted Cs-Css aryl, substituted or unsubstituted Cs-C3s heterocyclo,

structures:



15R3 and R4 are independently selected fromthe group consisting of
hydr ogen, linear or branched Cl-C36 al kyl, linear or branched C2-C36
al kenyl , i d or unsubstituted C4-C36 cycl oal ky i tuted
or unsubsﬁ#&g@gé% -C36 aryl, substituted or unsubstitk?gﬁg£§§%§%4
het erocycl o, structures. QPrn N (/N R11 20wherein Q mand Rl1l are
defined above; and -R12CO2R13, wherein R12 and RI 3 are defined above.
WO 2009/ 076 /; 0] 5 R .
independentggkge é%?%%<§igﬁ?%ﬁgm%ggﬁchgﬁgpggﬂﬁ.gbgﬂgfﬁggﬁﬁg$9andlhols
br anchealegtndentlyabdigdid fromehe group kpasiting dbf GRdiGgén, dlalogay; | lineaudyHrintched -
or unsubstituteed Cl-C36 cycl.oal k ubstituted or unsubstituted

&5 Cao tar gl et pi e Cofn dlimi. e e e bRl br b irioao
hydr ogeubstipit@vérdesutishtedats-¢.gasi, 0 euiatitiiRl orlﬂﬁsuba?tu%ﬂttsl{gs hé&efdBclo;
hydrogen. 5 |In one enbodi nent, the am nes are positioned on the
central aromatic ring in an 1,3 position relative to each other.

The cycl oal kyl, aryl, and heterocycl o ups may be substituted with
hal ogens, linear or branched Cl-C2 , and |inear or branched
C2-C20 al kenyl. In one enbodinent/ the c Jiygkyl, aryl, and

het er ocycl o groups may be substitNted w a Mt near or branched
Cl-C12 10al kyl groups. The hal ogens nmay/be selected fromthe group
consisting of F, d, Br, and I.

one enbodi nent, any of the
alkgl, al kenyl , cycl oal kyl, aryl or het

rocycl o groups may conprise
one”or nore heteroatons selected fromthe group consisting of N, O,
and S. whBepr ks éntekicteddromx theppr@p cohsistingydf hgdropgps ok yen isdogor g ilinear

for an f t.h ro i ncl ude or .e e, .a straight or, branche
hydr oc3f dﬁdﬁﬁéﬁﬁgwﬁﬂgiéngaﬁﬂﬁﬁﬁ%ﬁéC?%%ﬂ@kﬂp$S§ P“&?S?fWFBWWTéﬁﬁergw
20, cachaeallflonsbstuted , ormahéibktitu®t NCL-Cod-aBF10 R¥bstitdted BN h&bBMted Cs-Cyg

(i sopropyl), n-butyl, isobutyl, sec-butyl, 1,3-dinethylbutyl,

1, 4- di REEWGYPRAN | n-pentyl, isopentyl, 1,5-dimethyl hexyl, and

hexyl, etc..RrpcXLR[,EFha8s R WE] P& G che @YD

Represent at i vgbgaﬁbl es of lgl en@rf groups. ?om%%ghiélr%?}\ke%lrgrgwy and Ris
t he R ¢ sslgotedi fnah titbegrotip consicting b Jingar ot bringied Gr ClaradlrytHadahgyrdirached G

chain rC%jhlﬁglyl,C&%tﬁh@H 9 ufngu%geit%tetdoclgéjo c?/'clgalk;lf Astituted or unsubstituted Cs-Coyg

aryl, substituted or unsubstituted Cs-Cyo heterocyclo; provided that R;, is not -CH,CHy- or -
CH,CH(CHj3)-.

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

heterocyclo, structures:

Q
« N N=R1

/
Q

20 wherein Q, m and R;; are defined above; and —R;2CO,R;3, wherein Ry, and Rj3 are

defined above.
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20 2 to 20, carbon atons, e.g., ethylidene, propenyl,
2-met hyl - propenyl, butenyl, pentenyl, hexenyl, etc., m xtures and

i soners t%?ﬁom%ﬁ%‘d the like. Such aI kenyl groups mypejrﬁlgzoog}@ %hgfae

allyl and The al kenyl group may have one or nore
bonds and may |nclude di al kenyl groups, trial kenyl groups,
tetraal kenyl groups, etc. Representative exanples of cycl oal kyl

groups for q@eRQeRe de% ar@'%de?gn&p By Rel@L04 Pnt thel %_I%lﬁ;g%ﬁnsgtﬁg of lm§%r or

exanpl e, substitut ed unsu PTUt ed Fi ngs cont ai rom
e.g f rhyanchied €120 alkat bmnaramobmnched 932-03@yﬂdenjalulsybsntmgdcbxomsrubgﬂtuted C4-Cs¢

o ot RS eRrt Y o Al STk Y SbRISN or ppabsitpre CoCo

I soner setdiguyeldfand apdrofdis ptovikded that at least one ofREPREFE AR, Yot Kpdipgeas Of
erein for any of the R groups include, for

aryl_groups for u

30exanpl e, éﬁ%ﬁ.%@@g@le@iﬂ th SRSS: e, pegiieneg it e GenfigsAremAtcaring iy an 1.3
car bon e e o R et hyl phenyl . n-di 1ot hyl phenyl .

n- et hyl phenylihe Cmgnélwl gpihd igterocyelp rgahapdmmdqgtsnwltutﬁchwm}lla ogens, linear or

bi phenyl.,, ?&f (31_ gxa{l]?}fl <?Qﬁ1 %egpeoliﬂé Ch@&a rCe a?ke%ylh N Lk emb?cg{,nexét >;he

Represent atrve rocycl se herern
of the oRclgalhyparylnﬂ:dehlaemmcﬂmgmupi ﬁ’raya)eambl;tﬁuteé uingt atlm’fae&Cbrdfranched Ci-Cpp

bstituted ri t f t 5f
carion aﬁi Eﬁgoupé' esha?fﬁgﬁ%?’}r@)'f Q%FFdler"‘?"gtf?% r%%ﬁpfi?gwtmgrofrp %I,Lﬁ?r
enbodi ment , I @he %Bé'ﬁ?lh@nt hifiesané @kﬂnamk&M'@E%ﬂlk}L %ry@%f‘ﬁ&&%gjc%%x@ﬁps may

having the forrmula: (11) wherein Rl are |ndependently sel ecte
from t FEMPFistIPNeS MAIre hetprgatoms|selsead fr@m tb¢ atﬁéh eensising ofiNCQ oarg ky | |

| i near or Hgsﬁ

CI4 C20 cycl (%&Pﬁe@fiﬁatgégg%g %’% égg% k%}% ut edﬁ&ru%;,%%ﬁé f{"b,tréﬁﬂ)s include,

subst i tfot exhmple, @,rs@&llgknt ortb.m@hectbymc{arﬂmtoéamcyhbai coaanhnig:frcmad t6R36,ax.e from
n end I elected fro ou f dr qge |.i near

or I8 anlc R YarBS BENES b1 S bl SrtaRdn r i PR st BE8,

subst i tse¢-batyhri, Bud&ﬂélﬁjzlbﬁtyl, e4-dindtRpaird| giekmyﬂ , is6pERgtl] 11 Stdshe®lhexyl, and

unsubsti tuted C5-C20 and substitute unsubsti tuted C5-C20
het er odif&Y ecaﬁiﬂx@@sa‘i‘?{s%%rﬁﬁsﬂ@r digPendent |y sel ected fromthe

group consi ﬁg?ﬂ@exﬁitﬁe'eﬂﬁﬁﬁle@& m&&?P%%QpSQOI‘ = he ik ¥ 1an§1 bf‘ﬁ@'R Oé?{)ups include,

branched C2 kenyl, substitu unsubsti tuted
cycl oaIfR§/¢XaH§)lﬁ@§tStf@1ﬁhTeQI bseanched hipsisedarhonadaiggadicd Cantyinlngsfmm ite 36.eig. grom

onalor 1 Gl el L OGN o SR R Bl i, pEREN,
pr ef er zitd. ,wnhiytdes)gelnsorﬁﬁk theoso€, aadhlodiilee rBuch Rikeaylhr&tpsariay etlitemslaﬂeallyl and
S R 0B a5l SRS s h R, TN S

groups, trialkenyl groups, tetraalkenyl groups, etc.
Representative examples of cycloalkyl groups for use herein for any of the R groups
25  include, for example, substituted or unsubstituted rings containing from 4 to 36, e.g. from 4 to
20, carbon atoms, e.g., cyclobutyl, cyclopentyl, cyclohexyl, n-methyl-cyclohexyl, n-dimethyl-
cyclohexyl, n-ethyl-cyclohexyl, cycloheptyl, cyclooctyl, etc., mixtures and isomers thereof, and

the like.

Representative examples of aryl groups for use herein for any of the R groups include, for

30  example, substituted or unsubstituted aromatic rings containing from 5 to 36, e.g. from 5 to 20,
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Simlarly, R3 and R4 may be the same substituent, such as cycl ohexyl
or 1,3-dinmethyl butyl, and R5 and R6 nmay be the same substituent, such

as hydrog Preferably, the al kylated 1, 3-ben i am ne
has, or 3@03%»39@?age a nitrogen content 25 fron1aboégg§g¥@g§3%ﬁt

15 meight percent (w %, e.g., fromabout 5 to about 11 wt % or
fromabout 5.5 to about 10.5 wt % based on the total weight of the

0 / L U 204
' one Grsadrg Lo HRELAT By e A DT sl Pl anhin,
i nvent |tgtmhbré®napthylgmderyalbqﬁmnytuéta mixtures gﬂ’tfblﬁﬁhﬂs ihdsof Rad t}l@hkemt and
fined ab d I t romt roup consi sting
Sof Cl- G20 AR Rese SGmaieR ah R eRBAT A0y APOHPIOn G emooriabs . Bape

C5- C20 ihettidy Bebudb,Ofor example, $ubst@iRd WThREiITRAked HRR @hleifd &dm 5 to 36, . g.
1, 3- beéﬁgnedlanlne of the present invention has the general formila

sel &ct dEP™® p Y rarbge éﬁﬁisc%&sf%ﬁlm gnétetrahygepfurforyl.

2009/ 076091 E%U%&@Q ﬁ@ﬁg’ 304 & 'tﬂergnlsaglfj afk I'%t §] g%%%ﬂ&ﬁﬁmg hQVm ‘the
2 or 3, R3, R4, R5 and Ré are dépenden g rom %
conS|stPﬁ@ﬂ@f | i near or branched CI-Cn1aIkyI Ilnear or branched
C2-C20 al kenyl, substituted or, unsubstitutedq, C4-C29 cycl oal kyl,
substituted or unsubstituted ﬁ% C20 aryl stituted or
unsubstituted C5-C20 heterocycl o and hydrogek provided that at |east
one of R5 5 and R6 is not hyerogen; d_R d R9 are independently
sel ected fromthe group c&asistiny of hygr ogen, Rhal ogen, |inear or
branched CI -C20 al kyl, Iinear or |branchi
substituted or unsubstituted CA- yclaal kyl, substituted or
unsubstituted C5-C20 aryl, ang; ’ g uns stituted C5-C20
het erocycl 0. In one enbodlnent R5 or Re are bot hNot hydr ogen.

Ei t her qr h and | ogen. 10l n anot her enbodi nent,

the al Eﬁ‘%h‘ f“‘?éRB &E%&ﬁnggﬁtgleseg%tegrf@% thes@RYP FoRFEHRE Of lingss of theanched

gener alC, i alkyh 15eAres 128hché® U ) alEBY PubQRteted b A8suBtituted C4-Cao cycloalkyl,
substituted or unsubstituted Cs-Cy aryl, substituted or unsubstituted Cs-Cyg heterocyclo; and R

and R4 are independently selected from the group consisting of hydrogen, linear or branched C;-
Cyo alkyl, linear or branched C»-Cy alkenyl, substituted or unsubstituted C4-Cy cycloalkyl,
substituted or unsubstituted Cs-Cyg aryl, and substituted or unsubstituted Cs-Cyo heterocyclo; and
15 Rs and R are independently selected from the group consisting of linear or branched C;-Cyo
alkyl, linear or branched C,-C, alkenyl, substituted or unsubstituted C4-Cyo cycloalkyl,
substituted or unsubstituted Cs-Cyo aryl, substituted or unsubstituted Cs-Cyo heterocyclo and
hydrogen, provided that at least one of Rs and R is not hydrogen. In one embodiment, R; and

Ry are preferably hydrogen.

20 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

25  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.
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wherein mand n are independently integers of 0, 1, 2 or 3, p and g
are independently integers fromO to 18, and R3, R4, Rg, and RO are

i ndepende ed fromthe group consisting of 15

hal ogen, ﬁ%hé&?ﬁégﬁgranched Cl-C20 al kyl, linear or bréﬂ%ﬂ%&gggﬁago
al kenyl, substituted or unsubstituted C4-C20 cycl oal kyl, substituted
or unsubstituted C5-C20 aryl, and substituted or unsubstituted C5-C20

e b2 L, o, Sl e i o

al kyl atgederd] ®ripelazenedi am ne of the present invention has the general

formul a selected fromthe group consi sting Rf: wherein mand n are

i ndependently 0, 1, 2 or 3, x,is an integer from2 to 18, and R3, R4,

Rg, and 5 RO are independentIJ sel ected fr041the group consi sting of

hydrogen, hal ogen, |inear or_Pranched\Cl-C20.al kyl, l|inear or

branched C2-C20 al kenyl, 8gbstitor€d or yygnsubsiRst ut ed C4- C20

cycl oal kyl , substituted or unsubs itute# C5-C20 aryl, and substituted
: I n anot her enbodi nent, the

al kyl ated 1, 3-benzenedi am ne_of~t he gse Lngéntion has the general

formul a selected fromthe grgﬁp consi sting S\y" WO

2009/ 076091PCUUS2008/ 085204  (XI'l11) whereiin p and g are

i ndependently integers fromO to 18, r and &are &nyependently

integers of 1

wherein Ry, Ry, R3, Ry, and Rs are defined above, and R4 is selected from the group consisting

5 of C1-Cy alkyl, C-Cyp alkenyl, C4-Cyo cycloalkyl, Cs-Cyg aryl, and Cs-Cy heterocyclo.

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

general formula selected from the group consisting of?

m n m n
Rs Rg
Re R
N N N N
&// \\& R(/ \\m
Rs R (IV), Re Ro (V), and
m n
Rs Re
Rg Re

15



or 2, and R3 and Rl are independently selected fromthe group
consi sting of hydrogen, hal ogen, linear or branched Cl-C20 aIkyI

| i near or branched C2 C20 al kenyl, substituted or unsubstitute

5C4- C20 CQE %P@?i substituted or unsubstituted C5-C2 CEQ@%WWQﬁH“
substituted or unsubstltuted C5- C20 heterocyclo. It should be
understood that the al kyl ated 1, 3-benzenedi am ne of the present

t th I d f.romthe
comel stTREE . (R'F ofd BadSRTEAY (3 23, KRGS Sk DB selected
al kyl atfeth the3rbgnaasiethgaed Ihﬁaéﬂz(grobsiitfbh@d CZ@QO 41Ry1| Bivdan gr Brandhed WY@ § alkenyl,
: 20091076091P
glkyla?@ﬁ?“ﬁ“ﬁéﬁz&ﬁ@ e é%§V|ﬁ$§ﬁ§éﬁHSN@“@ﬁﬁiNEyPn%b§“H¢%I@melan

benzengahsamiteE or Mbstﬁ%e@c —Czo heteroc%clo and hydrogen, provided that at least one of Rs
NI,N3-d|C£;Iohex -4, 6- di af K enzenedi am né or NI, N3-

di cycl GRéRyis aotdiygrogew o \Re- @daRsb'@ﬁ msepetidantisheelectederom ghediredrkgansisting of
subst | th'}’%rgeﬁ,sh:figée?l?tlﬁlgaxj 5P Branched C1-Cy alkyl, linear or branched C,-Cy alkenyl,

substituted or unsubstituted C4-Cyy cycloalkyl, substituted or unsubstituted Cs-Cyo aryl, and
substituted or unsubstituted Cs-Cyo heterocyclo. In one embodiment, Rs or Rg are both not
hydrogen. Either or both Rg, and Rg may be a halogen.

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

the general formula selected from the group consisting of:
Wl n m n
R8 R8 R8 Ra
Rg R Re Rg
N N N N
~
7 Ry rRe R,

(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, Ry, Rg, and Ry are independently selected from the group consisting of
15 hydrogen, halogen, linear or branched C;-Cy alkyl, linear or branched C,-Cyy alkenyl,
substituted or unsubstituted C4-Cyo cycloalkyl, substituted or unsubstituted Cs-Cy aryl, and
substituted or unsubstituted Cs-Cyg heterocyclo. Either or both Rg, and Ry may be a halogen.
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the group consisting of Cl-C20 al kyl, C2-C20 al kenyl, C4-C20

cycl oal kyl , C5 C20 aryl, and Cs-Ca) 5heterocyclo. Exenpl ary

al kyl ated 1 nedlarnlnes of the present invention,. ut
are not ‘HPP% %ﬂﬁg , N3-di cycl ohexyl- 4- nethyl-l,3-beﬁ§g@§%¥§§$ﬁg;
NI,hB-dlcycIohexyl 4- ethy1-1,3- benzenedi at ni ne;

NI,N3-dicycIohexy1 4- propyl-1, 3-benzenedi am ne; N3, N3- dicyclohexyl 4-

butyl - | LGycl ohe |
- b enzenedi a m n e%ﬁlsg@%%ﬁ |thg yaclzlfﬁ%gg ;% %nﬁene?%‘%u %fstgle i ﬁéeétﬁnetd nver?l%ﬂ% has
, N3- dhcgnhuﬂéxymkﬁwkthémmﬁﬂhg@ﬂm@mzmﬂﬂﬁg@ﬁlne NI

,hB-dicycIohexyl 4-propenyl - 1, 3-benzenedi am ne; N
, N3- di cycl ohexy3o4- i sobut essdla 1, 3- benzenedl. :

NI, N3-di cycl @hexyIy 4- but € 3- benzenedi ap

N3, N3- di cfecTiohexy 1} 4- R3 - benze&aet

- di cycl ohexy benzenedi am ne;

dlcyclohexyﬁ 4- enedi am ne;

NI, N3- dlcyclohe» dlne hy1- 1,3- 15 befizemedi ami ne
, N3-di cycl o < di etRy| - 1, 3-benzenedi a

NI,N3-dicch hexy Z4 d1 pr opyd- 1, 3- benze

, N3- dlcyclwngmx I1 , 3 - benze-edla T, NI
, N3-di cycl ohexyl- 4, 6 dlheptyl 1 3 edlanlne N | (X)

S YL ORSs oSO ?133" ggﬁ%@ﬁﬁ%ﬂ 2fpRet 1 18, and R, Re, Ry, and
20N|5 hﬁbdirﬂtﬁbﬁﬁﬂﬁéﬁﬁ@'s&e@ted iSO b bRNY laoﬂs-ls%ng%ﬂ dﬁg@égnalﬁlélg%h linear or branched

, N3-di cycl ghexyl-4, 6-di butenyl - 1, 3-benzene m ne;

NI N3- diic |ané%wamorabramhéétCér@g_atke@db@mmaed.oawadosnnutepm-czo cycloalkyl,
di CyC| %hﬁ%ﬁ%&tec‘f' oﬁurghlpsﬁ ur% a?}qiivgréﬁ L ANLDE substltuted Cs-Cyo heterocyclo.

, N3-di cycl ohexyl- 4, enzenedl am ne

NI , N3-di cycly €

NI NG- di oyl g %gﬁ%lgr}erﬂB%ﬁﬁiﬂ% aiky@%ﬁai z%g%ln%ﬂeagmme of the present invention has
, N3- dh@gﬂhnﬁénnmkwnkpmdmwmrmpgnb@mzmmﬂmg@ﬁlne NI, N3-

25d|cyclopenty1 4- butyI 1, 3-benzenedi a

NI N3 di cyclopentyl 4 heptyl-1,[3-benzenediam ne;
N3 dlcyclg ntyl-4- et henyl - i am
,hB-dlcyc

nyI

1,3 benzened|
\Q?nzenedlam

T'g- 3 Obenzenedia

, 3- benzenedi anjA

10 (XD), (XII), and
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dinmethyl- 1 ,3 -benzenedi am ne;

NI, N3-di cycl opentyl-4, 6-di et hyl-1, 3-benzenedi am ne; N, N3- WO

2009/ 076091 PCTATS2008/ 085204

dicyclopeﬁ??imﬁ@gmﬁipropyl-l,S-benzenedianine;N

, N3-di cycl opentyl-4, 6-di butyl-1, 3- benzenedi am ne; N

, N3-di eyel openty1-4,6-dii sobutyl-1, 3-benzenedi am ne; N

, N3-di cycl opentyl- 4-isohutenyl-6-isobutyl-1, 3-benzenedi am ne; N 1

, N3-di cycl openty1-4, 6-di he 1-1, 3- yam

NI, N3-di cycl opentyl-4, 6-di et henyl-1, 3- benzengdi ani ne;

NI, N3-di eycl opentyl - 5 4, 6-{dj;pr gpeny1l-

NI, N3- di eyel opentyl-4, 6-dii sobytenyl

NI, N3-di cycl opentyl-4, 6-di but enyl-1, 3- benzenedi ani ne;

NI,hB-dieyeIopenty1-4,6-dihqu~ bénzenedi am ne;

NI, N3-di cycl opentyl-4, 6-di Fénzy1- gnzenedi am ne;

NI, N3- di eyel opentyl- 4,6-difurfur 3- benzenedi arni ne; N

, N3- (1, 3-di net hyl butyl) - 4- net hy 9
| -1, 3- bepzenedi am ne; NI, N3- (1, 3-

, 3-di met hyl butyl) - 4- heptyl - e;

NI, N3- (1, 3-di net hyl butyl) - 4-®thényl - 1, 3-hen enquﬁgjne;Nl,hB-(l,B-

di met hyl but y1) - 4- propenyl - 1, 3- benzenedi am ne; N

] NS‘ ( 1,\&1’ w' 3 j C ) . . . | Y

3 R D L R B B o PR SRt Py Mok o
15di metohy ek B 3ndiR hasp insiepéndent]y3selrsted dfrmmd ittengroen $dinsisting of hydrogen, halogen,

, N3- (1,:3-di - enzyl-1,3- b enedi,am ne;.Nl. .

o (1ol R hREEY S5 R i of o R SER SN Sublgucdgp ynpubguared

di mét hyl.Hish vidleadkyd; sibemtutey lor indbbwtined radigBiyleind substituted or unsubstituted Cs-

NI,hB-Q%,gidine hyl butyl) -4, 6-di et hyl -1, 3- benzenedi at ni ne; N

, N3- (1,3 ¢ HeE¥RA-but y1) - 4, 6- di propyl - 1, 3-benzenedi ani ne; NI, N3- (1, 3-
It should be understood that the alkylated 1,3-benzenediamine of the present invention

PCT/US2008/085204

di met hyl but y1) - 4- i sobut yl -

may have the general formula selected from the group consisting of formulas (I)-(XIII).

In an exemplary embodiment, the alkylated 1,3-benzenediamine is one of the following

NH ;
HN NH
(XIV); J‘%Qi (XV);

18
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dinethylbutyl)-4,6-dibuty1-1,3-benzenedianine;
, N3- (1, 3-di net hyl butyl)-4, 6-diisobutyl-1,3- 20 benzenedi am ne;
, N3- (1 utyl)-4-isobutenyl-6- |sobuty1 1, 3- ne;
, gzgﬁhgwhelbutyl) 4, 6-di heptyl-1, 3- benzenedllzgl’ﬁlrll,r79§£])%§j/b§%EH‘1
hB (1 3 di met hyl buty1) - 4, 6-di et henyl 1, 3- benzenedi am ne;
, N3- (1, 3-di net hyl buty1) - 4, 6- di propenyl -1, 3-beri zenedi am ne;
NI N3-(1, 3- di -1, 3- benzenedlanlne N
,N3-(1,3 - di
, N3- (1, 3-di net
, N3- (1, 3- 25dilge
NI, N3-(1, 3-di net ;
,N3-(1,3 N3- (1, 3-
di met hyl butyl) - 4t hy1-
, N3- (1, 3-di net hyl buty D 3
, N3- (1, dlnethylbut put y1- 1, 3- benzenedi
th , 3- benzenedi am ne;

 N3- (1, 3-

(XVID);
 N3- (1, 3-

henzyl- 13- Wenzenedi am ne;
, 3- benzenedlanlne NI | N3-0, 3-
;'-4, 6-di et hyl - 1,

4, 6-di propyl-1,
.utyl) 4, 6-di butyl-1,

ty0-4, 6-di i sobut %ﬂlne N

-4- |sobuteny1 am ne;
dlnethylbu|y1) 4, 6- dlheptyl 1, 3-
N3- (1 -|nethylbuty -4, 6-di et henyl 1, 3- b-'
-(1,3};V“~.hylbuty.« 6 di propenyl NI, N3-(1
,3- 10 ¢ di i sobut enyl - ;N
3 N3- ( 1, 3 B- di but enyl 1, 3- hbenzenedi am ne
N3- (11,3xg -thylbu ) 4 epten i Re; N
N3 (1, 3- dinethyl butyl)-4, égaﬂggnzyl 1, 3- benzenedlanlne and (XIX); or
NI 1,

& 3- dnethybut?{l{fi;/i/jurfury‘j\j;ffjignedanlne

(XX).
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In one enbodi nent the invention is to a conposition conprising a

m xture of two or 15 nDre al kyl ated 1, 3- benzenedi am nes sel ect ed
fromthe struct ur &s d conpounds identified above. Such m xtures nmay
conpri se Y& &ﬁ 60 at | o of two different al kylated 1, 3PCT/US2008/085204
benzenedi am nes of, for exanple, from5:4 to 4:1, e.g., from5:3 to
3 1 or about 2:1. In an exenpl ary enbodi nent, the m xture conpri ses

, N3- di | , iiso | -1, 3- benzen ] n \

, N3- d: g%ﬁ%ﬁ%}g% 4 ligsg%?'éﬁﬁ?i‘&[%esl soBY y| Melule rr?%nﬁse ﬂ‘ﬁﬂ -A&-igfky-1.3-
20we| gfbbnieaédlmnfnéorﬁuﬁl dast @ N éN3-(ﬁc§®(ljohef§ﬂmrﬁ Eltaﬁ(yl-@ 330eﬁzeihéd1axhﬁié': o2 M N°-
I a5|n|cate apbove e resen i nvention is
S AUt A UL I e i Rt A1l S LI S
t ol U_ethed%r%ﬁi: @&%mtn%' bt ahlcs, mﬁwegt@ odalﬁéﬂgn@,-ctz@%&a&'ﬁkﬁ ;9! 908 Cs-Cap

di an ne, t ol ueneé di am ne, 'uene di am ne’ in
enbddi mewtesyclohe t ol uene dlan1ne has the general fornula 25 (XXI)

\é\g dzgggg ?Z\G%%xﬁﬁgéfuﬁggg‘éé qg:f%%égéeglafrﬁne\{w& tﬁé ﬁser:]ﬂt S‘}nve’n‘uon incﬁ%b,olﬁl.g % Hét
the cendiprited tr MW -dicydlotgxyl-methy]-3,3feakdnediamirel a«‘mﬁedlmlmzﬁ othgrl,3-
|1 one vgIRsdmaL.. \paialiaLed benecnodan ne, comound s deri el
gener albufyd! [Rbedzereliiditne; ( XN'IN>-dicyclohexyl-4-isobutyl-1,3-benzenediamine; NN
10 dicyclohexyl-4-heptyl-1,3-benzenediamine; Nl,N3-dicyclohexyl-4-ethenyl-1,3-benzenediamine;
NING -dicyclohexyl-4-propenyl-1,3-benzenediamine; NN -dicyclohexyl-4-isobutenyl-1,3-
benzenediamine; Nl,N3-dicyclohexyl-4-butenyl- 1,3-benzenediamine; N! N3 -dicyclohexyl-4-
heptenyl-1,3-benzenediamine; NIN? -dicyclohexyl-4-benzyl-1,3-benzenediamine; NUNG-
dicyclohexyl-4-furfuryl-1,3-benzenediamine; NLN? -dicyclohexyl-4,6-dimethyl-1,3-

15  benzenediamine; Nl,N3—dicyclohexyl-4,6-diethy1-1,3-benzenediamine; NI,NS-dicyclohexyl-4,6-
dipropyl-1,3-benzenediamine; N’ N>-dicyclohexyl-4,6-dibutyl-1,3-benzenediamine;  N',N°-
dicyclohexyl-4,6-diisobutyl-1,3-benzenediamine;  N! ,N3—dicyclohexyl-4-isobutenyl-6-isobutyl-
1,3-benzenediamine; N',N3 -dicyclohexyl-4,6-diheptyl-1,3-benzenediamine; N' ,N>-dicyclohexyl-
4,6-diethenyl-1,3-benzenediamine; NEN? -dicyclohexyl-4,6-dipropenyl-1,3-benzenediamine;

20 N'NG -dicyclohexyl-4,6-diisobutenyl-1,3-benzenediamine; NLN? -dicyclohexyl-4,6-dibutenyl-
1,3-benzenediamine; NIN3 -dicyclohexyl-4,6-diheptenyl-1,3-benzenediamine; NIN3.
dicyclohexyl-4,6-dibenzyl-1,3-benzenediamine; NIN? -dicyclohexyl-4,6-difurfuryl-1,3-
benzenediamine; Nl,N3-dicyclopentyl-4-methyl-l,3-benzenediamine; N',N3-dicyclopentyl-4-
ethyl-1,3-benzenediamine; Nl,N3—dicyclopenty1-4-propyl-1,3—benzenediamine; NN

25  dicyclopentyl-4-butyl-1,3-benzenediamine; Nl,N3—dicyclopentyl-4—isobutyl-1,3-benzenediamine;
NIN? -dicyclopentyl-4-heptyl-1,3-benzenediamine; N',N>-dicyclopentyl-4-ethenyl-1,3-
benzenediamine; N'.N -dicyclopentyl-4-propenyl-1,3-benzenediamine; N'N°-dicyclopentyl-4-
isobutenyl-1,3-benzenediamine; Nl,N3-dicyclopentyl-4-butenyl—1,3—benzenediamine; NLN3-
dicyclopentyl-4-heptenyl-1,3-benzenediamine; N’ N3.dicyclopentyl-4-benzyl-1,3-

30  benzenediamine; Nl,N3-dicyclopentyl-4-ﬁ1rfuryl—l,3-benzenediamine; N‘,N3-dioyclopentyl—4,6-
dimethyl-1,3-benzenediamine; Nl,N3-dicyclopentyl-4,6-diethy1—1,3~benzenediamine; NENG.

20



wherein RI, R2, R3, R4, R5, R6, and R7 are defined above. In
one enbodi nent, the al kyl ated benzenedi am ne conpound is derived from
2,4-toluene di am ne (4-nethyl-1, 3-benzenedi am ne) and eral
formula: CPBH%PR4 2 (XX111) 10 wherein R, %gé"’gﬁ“%s’%?

and R7 are defined above. WD 2009/076091 PCT/ U82008/ 085204

an exenpl ary enbodi nent, the al kyl ated 1, 3- benzenedi am ne derived

oo kel 2oy @%&8@%@&%%&w@f@@@e@m@utw 5
benzenediamme, Nl, N3-dicyclopentyl-4,6-diisobutyl-1,3-benzenediamine; N ! N*-dicyclopentyl-
4-isobutenyl-6-isobutyl-1,3-benzenediamine; N',N-dicyclopentyl-4,6-diheptyl-1,3-
benzenediamine; N’ N° -dicyclopentyl-4,6-diethenyl-1,3-benzenediamine; N'N° -dicyclopentyl-

5  4,6-dipropenyl-1,3-benzenediamine; N',N>-dicyclopentyl-4,6-diisobutenyl-1,3-benzenediamine;
N',N3-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 IN3 -dicyclopentyl-
4,6-difurfuryl-1,3-benzenediamine; N IN3 -(1,3-dimethylbutyl)-4-methyl-1,3-benzenediamine;
N',N?.(1,3-dimethylbutyl)-4-ethyl-1,3-benzenediamine; NN -(1,3-dimethylbutyl)-4-propyl-1,3-

10 benzenediamine; N',N?-(1,3-dimethylbutyl)-4-butyl-1,3-benzenediamine; N N-(1,3-
dimethylbutyl)-4-isobutyl-1,3-benzenediamine; N',N>-(1,3-dimethylbutyl)-4-heptyl-1,3-
benzenediamine; N! ,N3-(1 ,3-dimethylbutyl)-4-ethenyl-1,3-benzenediamine; NUN? -(1,3-
dimethylbutyl)-4-propenyl-1,3-benzenediamine;  N',N*-(1,3-dimethylbutyl)-4-isobutenyl-1,3-
benzenediamine; NIN3 -(1,3-dimethylbutyl)-4-butenyl-1,3-benzenediamine; NING -(1,3-
15 dimethylbutyl)-4-heptenyl-1,3-benzenediamine; N’ N°-(1,3-dimethylbutyl)-4-benzyl-1,3-
benzenediamine;  N!N°-(1,3-dimethylbutyl)-4-furfuryl-1,3-benzenediamine; ~ N',N°-(1,3-
dimethylbutyl)-4,6-dimethyl-1,3-benzenediamine; NI,N3-( 1,3-dimethylbutyl)-4,6-diethyl-1,3-
benzenediamine;  N'N°-(1 ,3-dimethylbutyl)-4,6-dipropyl-1,3-benzenediamine;  N'.N°-(1,3-
dimethylbutyl)-4,6-dibutyl-1,3-benzenediamine;  N'N-(1,3-dimethylbutyl)-4,6-diisobutyl-1,3-
20  benzenediamine; N' N* -(1,3-dimethylbutyl)-4-isobutenyl-6-isobutyl-1,3-benzenediamine; NN
(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'N° -(1,3-dimethylbutyl)-4,6-diheptenyl-1 ,3-benzenediamine;N* N> -(1,3-
25  dimethylbutyl)-4,6-dibenzyl-1,3-benzenediamine; and NX,N3-(1,3-dimethylbutyl)—4,6~difurfuryl—
1,3-benzenediamine;  N',N°-(1,3-dimethylbutyl)-4-methyl-1,3-benzenediamine;  N'N°~(1,3-

dimethylbutyl)-4-ethyl-1,3-benzenediamine; N',N%-(1,3-dimethylbutyl)-4-propyl-1,3-
benzenediamine; NIN? -(1,3-dimethylbutyl)-4-butyl-1,3-benzenediamine; N ,N3 -(1,3-
dimethylbutyl)-4-isobutyl-1,3-benzenediamine; N',N’-(1,3-dimethylbutyl)-4-heptyl-1,3-

30  benzenediamine; N',N*-(1,3-dimethylbutyl)-4-ethenyl-1,3-benzenediamine; N'N3(1,3-
dimethylbutyl)-4-propenyl-1,3-benzenediamine; ~ N',N°-(1,3-dimethylbutyl)-4-isobutenyl-1,3-
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Exenpl ary al kyl ated 1, 3- benzenedi am nes derived fromtol uene of the
present [ nvention I nclude, but are not limted to:

, N3-di ¢ ohex 1-2-nmet hyl - 1, 3- benzenedi am ne; N1, N3-
5d| cycl oh PSHyI 2-met hyl - 1, 3- benzenedi am ne; NI PCT/US2008/085204
, N3-di cycl ohexyl 4 -propyl-2-nmethyl - 1 ,3- benzenedi am ne; N |
,N3-di cycl ohexyl-4-butyl-2-nethyl- 1,3 - benzene di am ne; NI, N3-

di CyC| h&éﬁ%ﬂ %rex 80D UtI‘WNQg,ln? Jrr]ﬁ/e y%bq%yl?—%l%l Pi grge enedlamme NLN?-(1,3-

|cyc xy’l 4-"hépt ‘Benzensdt ant ne
Nl N3 dlrﬁgtbﬂbﬁtgb}%he@teayhﬁmbkn%nmmhmb 1 , 3NhaPEBatheahylbey id-behdyl-1,3-

1S SN A B bt DS A ey R

N3 d' h -6 ¥ ] N-wrenzemadt ]
2009/ o%gégtlgbﬁ?%szoolgﬁb 22)34&@?@@%%?%3 oﬁlfigl 4- he}gtmeunm)f Smmyl L3

- meb hy|beqzesedeewzlenedﬂa% Fle3-dimgthy! gty Sydipionix ibnnzeaeheyme,z NLN(1,3-

met hyI N -4.6- -
| CyC lpﬁgé%@%'b?@} ?S’rbyefzeéledlamhyf i f\l 3N bg r’132 glrnaedhylbutyl) 4,6-diisobutyl-1,3
NI N3 @empmcbammyij hrjlimethy3buseidd pedieapi-frésobutyl-1 3-benzened1am1ne N N3-

, N3-
- G- R 7 Grb L Tepiprdiaipen AT HelE ey 5 iethenyl-
5d| eyellghW?érﬁélabiiﬁey INF § %%?ﬁhgﬂaﬁrﬁ@%@?ﬁﬂb@ﬂynﬁ3-benzened1amme N N’-(1,3-
cl.ohex -1 u -
"N ﬁ fvRyh A6 Mwinﬁyln%bwpmﬂ@%n%ﬁ&aqla%fglﬁethwbut»his‘* 6-dibutenyl-
di eyel QWérﬁdWyﬁl R @P@%etﬂyl@m?ﬁﬂzﬁﬁ‘iﬁgﬁté{pl@%&benzenedlamll\lllle N N*-(1,3-

NI, N3- di cycl ohexy berizenedi am ne:

NG i dipoattsiontyh i deoraben) Assi-dAyEngnedintsie; 20 NJQ¥@ redimahyTbetyD)-4,6-difurfuryl-

1,3-benzenediamine.
In one embodiment the invention is to a composition comprising a mixture of two or
15 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 NI,N3-dicyclohexyl-4,6-diisobutyl-1,3-
benzenediamine and N!N°-dicyclohexyl-4-isobutenyl-6-isobutyl-1,3-benzenediamine in a
20  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:

T1 CHs Tz
N N
R3/ \R4
Rs
25 Ry Re  xxm)
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NI,N3-dicyc|ohexy1-4-buteny1-6-nethyl-l,3-benzenedianine;
, N3-di cycl ohexyl- 4- heptenyl-6- 10 nethyl -1, 3- benzenedi am ne;
NI N3- dlcyclohex¥1 4- benzyl-6-net hyl -1, 3- benzenedlamneC 2hB
dlcycloheQVQZHWPdW?hryl 6- met hyl - 1, 3- benzenedi ami ne; P CT/US2008/085204
, N3-di cycl opent y1-4-propyl-2-nethyl 1, 3- benzenedi am ne;
, N3- dicyclopentyl 4- butyl - 2- net hyl - 1, 3- benzenedi am ne; NI, N3-

dlcyclopenty obyt I 3 ze i am ne; NI .
N3 d| eyel op‘%}f‘ﬁr iA 4 ﬁoéﬁ%% ?‘dll?ﬁs?rﬁ gﬂegeb&é(ﬁz@ﬂ‘élg?gmahg‘? amines are
?@Mi@h&pﬁi Hhi l;elﬁrall) ﬁl@ﬁi&ﬂic ﬁn@ﬁ{ 41,3 postidLREENEM AB HiBer. 15
i cycl opentyl-4-but nmet hy | -1, 3 -benzenedi ani ne;

N3 d| cycl ogBRng smhodigsp ?fvﬁllwlat%bmqwqhaguwmém &rﬁeﬁéed from 2,6-toluene
NI, NG- dalaxﬁlle?@% 14 lBe%Q%}}ég %ﬁ?ﬁgésgﬂ%%&eéﬂ zenedi am ne;

Nl N3 (1, 3-di't net ylbutyl nzenedi am ne;

N3- (1, 3-di met hyl buty1) - 4- thyl 2C*hethyﬁﬁl,3 benzenedi anmi ne; N
N3- (1, 3-di net hyl butyl) - 4- pr qpyl- 2- net hyl - q 3- benzenedi am ne;
, N3- (1,3 di met hyl butyl) - 4- Ryt y1- 2 -thyI,@ 3- benzenedi ani ne;
,N3- (1, 3-di met hyl but ylx-#~ 20hss -né?hmk-l 3- benzenedi ani ne;
, N3- (1, 3-di net hyl butyl) - 4- hept -1, 3- benzenedi am ne; N
hB (1,3 -dinethyl butyl)-4- ethe et hyl -1, 3 -benzenedi am ne; N
,hB- (1, 3-di net hyl buty1) - 4- pr opehis hy1- 1, 3- benzenedi am ne; N
,hB (1, 3-di net hyl but y1) - 4- i Bodbut enyfi- 2- metfay1- 1, 3- benzenedi ami ne;
NI, N3- (1, 3-di net hyl buty1l) - 4- but enyl -2-net hyl -1, 3-
ben%@nedlanlne Re
, N3- (1, 3-di net hyl butyl) - 4- hept enyl - 2- net hyl -1, éxgé%zenedlanlne N

N3 25¢Her@ndiynidg, Ryl DRy, Bss mdliémydefmednbdmel 1 3- benzenedl am ne;
, N3- (1, 3-dinet hyl butyl)-4- furf 1-2- net 1 3 ene
NI, N3- (1, 3- a8t Iﬂ’%‘ﬁﬁ‘i‘)} thy ?fflb%z%n it e”Ki? 2(‘{e folpene
- di met hyihraibeY4-methyet] [ByenBer¥eiaiiihe) add Bas—tbgeg@ﬁfaemrmmane Nl NB-(1,3 -
di met hyl butyl)-4 propy1-6-nethyl-JCB-benzenedianine;N
(1, 3-di net hyl butyl) - 4-butyl - 6- %%thﬁgjl 3- benzenedi am ne;

y
,N3-
(1, 3-di net hyl butyl)-4-isobutyl-6-ngthyl-1,3- 30benzenedi am ne;
(
(
(

| -
3-di net hyl but y1) - BsQept | -1, 3- benzenedlanlne
3- di net hyl butyl) - 4- et#e
3

3
1,
1,
1,
1, 3-di et hyl buty1) - 4- pr g

ne
, N3-
NI N3-
, N3-
N3

Rq (XXIID)
10 wherein Ry, Ry, R3, R4, Rs, R, and Ry are defined above.
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WD 2009/ 076091PCT/ US2008/ 085204 6- net hyl - 1, 3- benzenedi am ne; N

N3 (1 3-di net hyl butyl )-4-i sobutenyl -6- nethyl 1, 3- benzenedianine ;

N3- (1, 3 di net hyl but y1) - 4- but enyl - 6- net hyl - 1, 3- benzenedlanln Nt

,hB- (1, 3V4? #H9P/K %ﬂutyo 4- hept eny1- 6- met hyi - 1, 3 benzen%%Vgﬁwﬁﬂmam4

NI, N3- (i, 3-di net hyl butyl)-4- benzyl-6-nethyl -1, 3- benzenedi am ne; and
NI,N3-(1,3 dinethylbutyl) 4-furfuryl -6-net hyl - 1 3- 5 benzenedi am ne.
Processes f Form ylated |, 3- Ben enedlanlnes The present
i nvention a ”s H@? Y Ff P@F&%éhet %kﬁ?tsiéés@y@sﬁhamerﬁeﬁgedaﬁm tohughp 1s
1, 3- bgﬂg@ﬂﬁgﬁmgwﬂ%gbnhﬂapne enbodi ment, the process conprises
al kyl ating an N, N -di al kyl at ed1, 3- benzenedlanlne The al kyl ating step
preferably conprises reacting the N, N - yl ated- 10
1, 3- benzenedi am ne with an carbonyl conpoynd, i.e. al dehyde
ket one, and hydrogen under catal ytic hydr genation condi tion
effecti i

al kyl ati on
hydrocarbon gtructure. This includes, but "i's not
an al kyl group, 15 alkeny group, cycloalkyl gro group or
heterocycFQ/g g RODe eqbodlnent al kyl ating to adding a
cycl oal kyl" or arljl grolip that' is substituted th an al kyl group
and/ or contai ns nore hal ogens or heter ¢at ons. The

9Q henzenedi e Known and may inv
nitration of benzene with nltr|CQ§§§bfollomed by hydrogenati on. 2*%%)
the invent to a 20 nulti-step al kylation
enzenedi am ne. In this enbodi nent, the
ted in a first alkylation step to form
zenedlanlne by reducing each anine. The

Nses a
ed to, addlng

of the N, N -di : 1, 3- benzenedi ani
and/or 6 p05|t| eof, to formthe fi
-1, 3- benzenedi am
N,N'-dialkylawed4 6- di al kyl at ed- 1, 3- benzeng
first alkyl
may be creg f'
t hrough a atalyulc hydr ogenati on. Processes f¢

(XXVI);

d?ing

(XX VID;
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30 reductively al kylating 1, 3-benzenedi am ne with an car bonyl
conpound are disclosed in Abdel- Majid, A F. et al., 61 J. ORG

CHEM 3849-62 (1996 the entirety of which is |ncorpor%t§g @D

2009/ 0760 PEPUEIBLS/ 085204 herein by reference. Thos&CIHRIHEY
the art will recognize that adjustnents in stoichionmetry, reaction
time, and reaction tenperature may be required to achieve the desired
reaction with varying starting materi al s,
for such reductive al kyl ation process- I

al€Ct etk 4 rom any
R16 are

i near or
3 , C4-C20

ycl oheptyl,

Cptlonally, R15 and

branched £€1-82
cycloalﬁyl (e.g
cycl ooctyl), C5
R16 are fused

C5-C20 aryl, egT ary r|ng conpound |nclude

cycl obutyl, cyclohexyl C cIohephyI and cyclooctyl. In

one enbodi mgnt, the ket one may be met h IlsobU|yIketone (M BK),

(XXVIID; (XXIX);
N N
H ~ ™~ H
N N
H -~ ™~ H

(XXX); (XXXI)
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20 net hyl i soanyl ketone (M AK), cycl opentanone, or cycl ohexanone.

In sone enbodi nents, the reductive allcylation process may use one or
nore sol vents. SU|tabIe sol vents include, for exanple, | enes

1- 2- di chl OYBRPKEHET t et r ahydr of uran, and acetonitriIe.PgéP§@HW%5ﬁﬁy
be renoved fromthe reaction m xture, for exanple, by rotary
evaporati on or other conventional separation techniques. 25The

m xture tenperature and duration nay vary w dely depending on the
conmpoun ed. For exanpl®; e reduci ng agent may be added to the
m xture of| 1, 3-benzenedi am ng and WD 2009/ 076091PCT/ 1382008/ 085204
al dehyde/ ket one at a tenperatjure from25C to 80C, e.g., from40C to
50C or abou to 10 hours, e.g., 2 to 8 hours or 3 to
5 hours. enbodi ment, the fj st al kyl ation step
involves a c enation in whj '
reacted w4 a ‘ und, i.e.

reductive al kyll ati on process, 1, 3-benzenedi 8
[ ' i.e., having sec ary “a H
such catal ytic hydrogenati on, conpound

synt hesi zed ‘
| R 5H . or

ey conpri g Al dehyde having the general for
ket one havim gener al fornulaochﬁxl COCKIID);
N N
H/ ™~ H
N N
H/ ™~ H
XXXIV); or (XXXV).

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

include, but are not limited to: Nl,N3—dicyclohexyl-2-methyl-1,3-benzenediamine; N N3

5  dicyclohexyl-4-ethyl-2-methyl-1,3-benzenediamine; N'N’-dicyclohexyl-4-propyl-2-methyl-1,3-
benzenediamine; N',N2.dicyclohexyl-4-butyl-2-methyl-1,3-benzenediamine; N N3-
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; NIN3-
dicyclohexyl-4-propenyl-2-methyl-1,3-benzenediamine; N',N°-dicyclohexyl-4-isobutenyl-2-

10 methyl-1,3-benzenediamine; Nl,N3 -dicyclohexyl-4-butenyl-2-methyl-1,3-benzenediamine;
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15 wherein R15 and R16 are selected fromany of R1-R 8 defined above.
I n one enbodi nent, R15 and R 6 are independently selected fromthe

group consj. St f linear or branched Cl-C20 al kyl,
br anched %&-865@%5@%nyl, C4- C20 cycl oal kyl (e.qg. cycl 3@3&{%0%/085204

cycl opentyl, cycl ohexyl, cycloheptyl, cyclooctyl) C5-C20 aryl, and
C5- C20 heterocyclo. Optionally, R15 and 1216 are fused to forn1a ring

g 0 gpeu gﬁ?}/ %ﬁ?ﬁ‘%ﬁ £y Og_ B Eﬁ?twlq%: %}28‘?1 1ne Qgﬁﬁ%ﬁygﬁwy% ¥

CyCI Oo%éthyl 1, benendiigds;ment ,N}tmdxkﬁﬂ&ﬁﬁylmﬂmrﬁﬂylbﬁ BkihyM Abenzenediamine;
clopeqtapone or %p{ohexanone Sui t,abl dro enation

cat al y3Y sNi-dievdlehexp-drmeiyint 3omrasdiamine hodl' lNTle? &nﬁthﬁénmath}’l-lﬁ-
i ri di urgefenBligkEle; Cat aliyRt. ﬁmgél@h&ﬁ[% ?%ﬁg?g% l-1t§"§en%éﬁeala}$§ﬁe, . N'N-

conpri ses a supported catal yst st sypport may conpri se,
f or Sexahgickwhexdriplonyl-Gaingthyhd,3-tehidncdipmiBal UNI Nodicytlobxab4-iwbutyl-6An®thyl-

2009/ 076091 DCTL 4] a%nzlg%g/ 8&5%\9 dlcélclohe%yq%f—he? Wi 6 ’cﬁj{lhly§j 5?&%19?65&1&%%0 di N! I\{

preferaby I’'sTcarri pr€s’s

th r eaiictyatohbsﬁplr &hciyl-6dnathiili, %B@xz&&,dﬂﬁﬁnégl | 0pa3~éﬁ4l3sd1é}lcﬁﬁa})ylmf-propenyl 6-
ydr ogen, 500-,.10, 000

t enper PSR- ok beEnedAING | hﬁdﬁegelﬁ W&%@%@?@aﬂaﬁaw%haé@@%ﬂ&ﬁf@ee

to 300Gy . @mﬂclohefx?pémo&g@lt@mgé 1,91 chsRBAidARNE; tN" ﬁaﬁigyclohexyl PBeptenyl-6-

i ndi cated above, in the fi alkylation ste al dehyde or ketqne

selléct impethyl- la%hbgnqe@edtimnerN riﬁr@lcm%@h%ylg‘i berﬁyf)éfnqthvérl 3-benzenediamine; N',N

1, 3-be m 3

P R s R e R ey
whet herl byemmmamme; al R\i}ll‘éft—dlc)ymlmnﬂyw-myd/ﬂ-@geﬂhylflohbenmnddahm;nm | alN' -

sel ectiyel y add, at 0 osi.tiaons of

NN < i SRR fso AR PSR 1« DA iyelgpamigt-isobutensy--
has novmah!ylplr B%EMhéﬁla&ﬁhﬂe unex pBlé Nedlioyclopeaityldi- §1¢)@Yle4? ﬁﬂthyh@%éﬁienedlbﬁﬂne
catal ytic h é‘rogenatlon of N, N -di al kyl-1, 3-benzenedi ani n

i ntlér e Mt-dicyglopengr- 4c1a&t36cﬂnylpthabha&§wne¢laemea| d‘éwd@cxﬁlon@gty&ﬁésobutyl -4-
resul t Smétﬂylspﬁ-%gﬂieﬂ&hﬁﬁlﬁ” athy'a@_gty ctl{lkﬁ:n@? in%%teﬂgllmlﬁleﬁ@l h8lhehH@Rdiamine;

aIkyIatlon ol the am ne groups$, as s eOW]I t he conpari son
synt he S\ 'SN’-(I3-gimethydontal)- 2 mﬁhylall Hyrtzamdn@nms, S SWet,3-Hienethylyund)-4-ethyl-2-

20O LI, SRR APSPEEL ik PSR i
and R’ Nept-gsbdimaimybuyl)detitg-2smbihyi- 1, 8aehzededibming; tNENUghDAmdinilsutyl)-4-
appl | Casobutyl- 2-methyl-1,3-benzenediamine; N!LN3-(1,3-dimethylbutyl)-4-heptyl-2-methyl-1,3-
benzenediamine; N! ,N -(1,3-dimethylbutyl)-4-ethenyl-2-methyl-1,3-benzenediamine; NI,N3-
(1,3-dimethylbutyl)-4-propenyl-2-methyl-1,3-benzenediamine; N',N*-(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-dimethylbuty])-4-heptenyl-2-methyl-1,3-benzenediamine; N'N°-

25 (1,3-dimethylbutyl)-4-benzyl-2-methyl-1,3-benzenediamine; N',N*-(1,3-dimethylbutyl)-4-
furfuryl-2-methyl-1,3-benzenediamine; N',N°-(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'.N°-(1,3-dimethylbutyl)-4-isobutyl-6-methyl-1,3-

30  benzenediamine; N' N°-(1,3-dimethylbutyl)-4-heptyl-6-methyl-1,3-benzenediamine; N!,N3-(1,3-
dimethylbutyl)-4-ethenyl-6-methyl-1,3-benzenediamine; N',N*-(1,3-dimethylbutyl)-4-propenyl-
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WO 2009/ 076091PCT/ US2008/ 085204 Sui t abl e car bonyl conpounds for the
catal ytic hydrogenation of the N N -dial kyl-1,3- benzenedi am ne
I nternmedi at e i ncl ude al dehyde and ket ones haV| ng the foll ow

st ruct ur eS¥O 2148i9Ye havi ng the general formula: 0 H . P%HH%F“&%%BW%

havi ng the general formula: | ppcpp "15ni 6 wherein 1215 and R16 are
sel ected fromany of Rl1-R8 defined above. In one enbodinent RI5 and

R16 t | ected f
b anch ML BRI R ear or ' bRaNeR e EIEEIA R a1
cycl Oablsﬂﬂenécﬁa@me CN¢NéjQPBéﬁhmet{(i%l%{gggﬁln&)fényl-@&ﬁét@ﬁelxy benzé&mﬂl@@emw-

cycl ooctg&é het erocycl o &tlonall , R15 and
R16 ar é! @thrlbuwaﬂnhe@twh@-m@w&d@n‘@pnzweglaml@eyc| oBUgY (] 35{,&@?@&5@%%4-
cycl oh 3 1Jad, ) hvl-1.3-
o1 Gehy Q-SRI b e RHENARC W NN (L3 TR B8 L et 13
may S be bermnedsariinto 1:5, e.g., from3:1 to 1:3, or from2:1 to 1:2. In
such catal yti c hydrogenation, suitable hydrogenation catalysts

I ncl ud@rqukesses foudorming Alkylated 1.3-Benzenediamines

The present invention also generally relates to processes for forming alkylated 1,3-
benzenediamines. In one embodiment, the process comprises alkylating an N,N’-dialkylated-
1,3-benzenediamine. The alkylating step preferably comprises reacting the N,N’-dialkylated-

10 1,3-benzenediamine with an carbonyl compound, i.e. aldehyde or ketone, and hydrogen under
catalytic hydrogenation conditions effective to selectively alkylate the benzene ring of the N,N’-
dialkylated-1,3-benzenediamine, 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,

15  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

20  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

25  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

30  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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15 pal l adi um rhodium ruthenium osmum iridiumor nickel

catal ysts. In one enbodi nent, the catal yst conprises a supported

catal yst. The catal yst support may conprise, for exanple, carbon

al uni na, SVYPP¥07Pni nosilicates, etc. The cat aP§T{US2008/085204
hydr ogenati on of the internediate is preferably carried out in a
pressurized reactor, which preferably has a pressure greater than 220
KPa, e.g.,. 8reater t han 37?, KPa or ZOQEgater than 650 KPa. .In %grms
of randE¥n PréciEreacs ol hesgiskBivd e fhe &t Bileecagniee Bt pYIBTIEH IBHOEHITREY:

of hydrggetn t#ned-and 20R1id?® tAYrdfiR Rhy Be PQR1rEd QDAHIRR: thd REsitarRa%dh Uiith
of the catalytic hydrogenation prefeérably ranges from 20C to 300C,

e.g., framBoating m sor from 120C to 220C. In one enbodi nent, the

catalytic h . al t .1 al i t cOf
o ar et ot SURIE T R e LG SRS SIS cSQTIRAR b
cat &l ytsodivhy drnrngretoxyborahdyidat e(STAB-BN, Mmasdiumioyarsaboiithedtideg h esorane-pyridine,

armunt BT PANERBE N o 1000, SapHan el G ot s P bl Hgense

| n_one i dh GBOEmbéiReht@RE HilsOAk Ahti RGO o BROBUMIS Wi th
1, 3- benzenedi am ne invol ves two separate_catal ytic hydrogenation

process. Sudh sichrisdedive nailylatinmprasesspy: olhe deappnyl somppund sy euppig an
car bonyy AP hﬁ.m% dehyde and ketone formul as defined
a\}\%%? D%Zth% éé}%]fatlcar !)ar'lyl

above, elnt conpound is different than the
second car bonyl compound. In one enbodPnent, the first carbonyl
conpound may be a ketone, such a MBK ||M AK, cycl opentanone, or
cycl ohexanone, and the second carbonylcggﬁpound may be an al dehyde,
SUﬁB as i sobutyral dehyde or butyra&@éﬁyd H The first carbonyl
compound is reacted with 1,3- 10 benzenedi am ne conpound under the

catal ytic hydrogenation caonditions defined above to form an
i nter né)ﬂ;f(atpée é%ﬁ%%&%&etfq%%?’i’%@a'group consi sting of:

(ﬁ

C
™~
R15/ Rig

wherein R;s and Ry¢ 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;-Cyg alkyl,
15  linear or branched C,-Cyy alkenyl, C4-Cyg cycloalkyl (e.g., cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl), Cs-Cyg aryl, and Cs-Cyg heterocyclo. Optionally, R;s and Rj¢ are fused
to form a ring compound such as C4Cyy cycloalkyl, Cs-Cyo aryl, or Cs-Cyy heterocyclo.
Exemplary ring compound include cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and
cyclooctyl. In one embodiment, the ketone may be methylisobutylketone (MIBK),
20  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.
25 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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and wherein R15 and R16 are defined above. As shown the internediate
conprises two secondary am nes. Next, the second carbonyl conpound is
reacted with the internedi ate under the catalytic 15 hydrogenation
condi t i onsVR&IPREETabove to formthe al kyl ated 1, 3- benPEHENI085485204
conmpound having a general fornula selected fromthe group consisting
of: C(Z)aC(Z)aC(Z)aC(Z)3 11115 Ri5Ri 5R15 wherein R15 and R16 are
defined above, Z=H, and a=0, 1, or 2. It should be understood that

when a a@hzﬂeéﬁetoxwtahéie@mﬁawrséroal %’q‘j’pttp BPEC. sendrare ety 30°Q 98 albdwe 35°C, for
respectiiyg: 3 19 1R4R: eg gﬁoﬁggpgiw@ﬁ&ﬁ the process of the invention
sel ectively a]l kyl at e ely at the 5 position rather than at both
the 4 and 6IIpemth@rmmquimem,ethbefnzteaibylgui@uptep Belobes iathaéjrtkyhsair«i)gmam in
the 4 pgsi.t may he favore crea noun
of ai Sl SpeREY st pR L Ferded, b h SRS coBliufndyi ARERg o kefBHE e
N, N5- dlpﬁdskr)d: df, l@‘db@‘eﬁ&rmedal apdrogenafréd c&XFBMInSteadTof @ie Abvlve-@Sscabed reductlve
al dehydg(élga ket one t gggl kyl-1, 3- benzenedi ani ne | ess than 2:
tip Ehls R

e.qg., R &ROCESSs Bin | p-engenedigpinegngy th ﬁﬂﬁ@amklwoamow are
over dirgltey! @t the '])resEﬁbet & H%r en! #IA9E By dOR Aok %Etb@ﬁ Okimil tgltHe M@UVS
or ketone to N, N -dial ky1- - benzenedi am ne may from2:1 to 1:2,

e.g., Rikyktienpracess 133-henzerredfamm51th@t are atkybtal o1 gwenitrpgeacatpmon (.c., havmg
terrper@é&ggﬁg%%e%m%;g%n%?%@n times, e.g., less than 3, |ess than

2 or less So favor nnnoalkylatlon I n one
endodi nent , In eheke nﬁaldtlamlydmgemyn,aﬂmmafmm aompdunyd| mbedomprise an aldehyde
1, 3- benzene am ne a) a reductive alkylation or catalytically
hydroge’ﬁ‘éﬁ‘% CES P the respective amines of 15 the tol uene

di am ne, and b) a cat aI yt| ¢ hydrogenatoon to al kyl ate the central
aromatic ring using the carbonyl conpoiinds of the toluene diam ne
descri bed above. 2,4-tol uene di am ne d 2,6- toluene diamne, and

m xtures thereof, optionall y cont gi m/ng\zHS t ol uenedi anm ne, may be
used to formthe al kyl ated 1, 3-benZenedi ani;nes. |In some enbodi ments,
the processes of the inventi on may form doubl e bonds in the al kyl 20
group ®hkgtonsshayingebe geanerahéorngule: - di al kyl at ed- 1, 3- benzenedi ami ne. The
formati on of unsaturated al kyl groups may be favored, for exanple, by
decreasing the partial pressure of hy@ ogen that is avai | able to

react and/or by decreasing the reacti time or tenperature of the
reaction vessel. The specific cat al/tc enpl oyed al so may i npact
saturation. R1s

15 wherein R;s and Ry are selected from any of R|—Rg defined above. In one embodiment, R;s and
Rj¢ are independently selected from the group consisting of linear or branched C;-Cy alkyl,
linear or branched C3-Cy alkenyl, C4-Cyo cycloalkyl (e.g., cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl), Cs-Cy aryl, and Cs-Cyp heterocyclo. Optionally, Rjs and Ry are fused
to form a ring compound of a C4-Cy cycloalkyl, Cs-Cyg aryl, or Cs-Cyp heterocyclo, e.g.,

20 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,

25  aluminosilicates, etc.

30



WO 20091076091PCTI US20081085204 Appl i cati ons The conpositions
of the present invention nay be incorporated in a variety products,
for exanple, to inprove oxidative stability, and/or inhibj

degr adat i OHC310%4 ng‘sm formation. In a preferred enbod?ﬁyﬁg?oog??éz%r
nore of the al kyI at ed- 1, 3- benzenedi am ne conpositions of the 5
invention may be incorporated into a fluid that otherw se would be
subj ect to oxidatjve degradation. ?aggrs i n,ogne enbodi nent, the

i nvention i dhegaiglytic J}ygroggnaélon Arefrablyalsi GaEied QHtdD ARG dgedoth alleone
stock affbodinkhffie! bachdtds @f@éw?éd thh abo 36866 kNGBl K 3k %’dr@é&de &, 300-
benzenedi ami ne conpositions of the present invention. Prefer ab/

fluid d@&@ﬂl@@@rﬁlﬁéoém@pllﬁﬂaed 1 3-benzenedi anine in an anount

suf ficient booc ¢ 300°C,
deposi ts, at% %&Eér% ftelﬂgg%%gngo rtwﬁ \%n%f%%l?q %I}%%EI frHHP20°C to

al ky! ateeg- ﬂqrﬁsmmetﬁ:arrfmmIZWCm 22I0hCone enbodi ment, the invention

istoaflud ., .a lubrjcat oi | OSI'On onpri s t

| east one bfssen@f%‘é aboyegn tﬂ’eatarﬁgélgylgtf@cﬁiep ' ?“C‘??g"o 'S§1 %gll B’yaddf ¥
an anoypd })ﬂ’iﬂh P ohdind Sro9fs SFth¥l %beﬁz@wdlafrﬁwﬁna(foﬁ@s Q&c&"ﬁiaﬁ %ﬁhé nftémmd&@e
to 99 wt % based on the total weight of the base stock and th

al ky! atcealpsnurai bényewd dreasrrnsated Hha Cfonuwdaaﬂgdawmﬁ the catepnedige, w%%ero'?y

15 the (X f esRNkt th

i o S DL e U

or 10r orpositipos & tht BN’ Bhalémlawd-lthbenzmﬁianmsgmform tertiaey dsmiges. st ock and

t he al kyl at 1, 3-benzenedi am 0 y

be incl uded?\d Illla% A&™f F‘ﬂPrdsm%lg aCfles‘(lzrrlel eg d;%%%en C#Jr%ggeﬁgcgcej@(&ev{'e\ogls rt;H/a caﬂl%)c

enbodi MBdfogehiohaseN N’ alidkylsl , pbasenddidnfina intamiedizte fith nanBﬁhernyQ @o18found,
0 O

\é\g%gzg&a@gg@pgg %f cg:n?eo ?%H gglusgﬁg;iéeoﬁyqa% otfct)heebenzeée g%u%rrgthgr tthgr? alkylation

2009/ 07&Qﬁé§ﬁﬂe%@%s@§@%@ﬂelo%@ﬁ% Baphriddh.syfBesidfRan pldicult® thePcyldtihg is

and R8 are defined above. In ang?her exenpl ary enbodi nent, the
i nvént ispecifitotbe 4 and/of e 6@oglt1onsaof|thm¢qngaltqr@r§atm grogvnposi ti on,

conprising a base ock and ;
NI, N3- di Ee%f’nélafrai%t B di al ky1- PHUEENIEREdi anine. 5 Fhe base St ock
preferably is Rresent inthe fluid pR"an anobunt from 80 t/0R99 99 wt %
based on thg-total weight of theHNase stock and the
NI, N3-di cycljoal ky1l-4, 6-di al ky1-1, -benzened| am ne. The
NI, N3-di cycljoal kyl-4, 6-di al kyl-1 enzenedl am ne prefe
present in =y flui g_Lnsan anoy

&0

ly is

total wei t he base stock e NI , N3-
di cycl oal 4,16- di alkyl-1, 3- ber gdhhanm ne’ R
y /R y N}* N/
N H
l Reductive Alkylation l Hydrogenation l Hydrogenation
R R"
R\ \ HN/
RI
. Ru R"
_R N N
N N H
N R
R R'

R’ and R” represent any suitable substituent defined throughout this application.
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10l n such enbodi nents, the lubricating oil conposition has a
sufficient anount of the al kylated 1, 3-benzenedianmine to stabilize
the fluid against the formati on of deposits. For exanple, the

M d- Hi gh TRHRYPAT4Pe Ther np- Oxi dati on Engine Q| Si mul BET/HRR04#EE204
(MHTTECST) indicates that such lubricating oil conpositions may form
froml to 70 ng, e.g., from5 to 55 ng, or from5 to 35 ng of
deposits. Deposits of greater than 70 eneral ly reflect an 15
undesi rabl y '%‘Pm‘elcé&’@}l%o“f"%ﬂﬁ O 4B Rl B DY GIRERIEtoR o de NeX sgiﬁlﬁélnlﬁ‘
55 U HeRzheliahleliNcHRRANREinRRAE RlUSRIR ah@ketBRI haRRP kHeTBlid RS structures:
Optionally, the fluids, e.g., lubricating oil conpositions, of

vari ous enmb@dchidehaving thgeneral Bmmileh form | ess than 50 ng of

deposits, e.g., less than 30 ng of deposits, or less than 20 ng of
deposits, as determ ned by the above-rgferenced MHT- TECST. Suitable
base stocks for the lubricating viscos|ity conpositions are sel ected
fromthe 20 group consisting of engipe oils, transm ssion fluids,
hydraulic fluids, gear oils, marire Cyl ﬁrde,r oils, conpressor oils,
refrigeration lubricants, aviation turbineoils, gas turbine oils,

and .m xt ures ereof . The conpounds of the present invention

i npPove t he aBé' Hans k’f’é’négttg‘f)lg‘fr}ef@?%fnuﬁ)gani c materials, which are

subj ect to oxidative, thermal, and/or |ight-induced degradati on.

These 25organic materials can be natur@gl or synthetic. These organic
mat erials can i nclude "functional V\DI 009/ 076091PCT/ US2008/ 085204
fluids,” lubricating oils, greasesg@\fuel s, as well as automatic
and manual transm ssion fluids, pRwer steaf ng fluid, hydraulic
fluids, gas turbine oils, conpressor |ubricants, autonotive and

i ndust rvladreif ®ay addUb baslested fdch ABaif R FRNGSTRed Gbdve. Ih-okd dngidiniént, &,k and
conposi tions, usef lé| 1nwﬁ he E{ract' ce of the present invention conprise
a maj oriafBudeRsndgntly iectedpiion 4he gEpupi agsting ohieean ox brangksd Grbenalkyl,
of at ljgRstoohendienssy hﬁ@ﬂﬁ,ecgeggng»emg1kpﬁg.%n,gcyem%u@q, csva'z)?@rﬁ}w%mdh%yﬁ,
substituents on each nitrogen atom s ‘of lubricating

vi d@osiwglobemsylupydapctibe C«sr&gm vl apd GsH{&o peteroeynlo.i OptionelloRicantd Be are fused

| : brtoati : Dt o Lubricat Lo,
el oot o s L b | SR AL I DB, B SRR AL,
light distil ) i [ i il . h. .
190 2Lt b Asialr S & NERNt A UGRLLIG B i

di esel mayl i frézeidrialltsy g.gf, f®nv3:$a@$i3t yr dmLhHetodid. ranges from about 2

centistokes .to out 40 centi stokes, .especially from about, 4 )
centi st okes B V&b didelBls EE%Pgeé‘%%ss,unﬁgle nRLLeFeB oK C%%@%’f? include pigtigum,

di gsel pangdiuhs rRdRed, rethesid 3gRnd, UkiuRY br niBIENREMBAEY 18 Jfk St8diment, the
distillate fuel oil. Such distillate fuel oils generally boil wthin
the rarfgBlyst cpmprises 10 eurpeTisdoaalyst . These@lyd supd meg comoriseefor gixpmple,
My COnRfdof CalhMSHRE! Litmtodfiichkdte Oor vacuumdistillate, cracked gas
oil, or a blend i'n any proportion of straight run and thermally

and/ or refi rMdeyalytichpdrogerchion st thatisesmddiad isyprefembkyedirdadcbut in a pressurized
hydro-cracked.distill| ates, Q he anpl es,of diesel fuel

el uad B R Bl Firet mressraaler PR RPRer&; Erien e Kea or
FT 20uelgseatdrnidnusie KIwsia telas ot irdigds, dlse @adort éptioh&IWi id ptedsdirdd £tURIn$ 100-30,000
bi omass: uid 20 (% L) fuels and coal conversion fuels. To nake

such f ag":tjhlé’g’i‘?é% €0V AP0 KParqr d00xe)8dided and t hen converted to
normal  par afhb AgmptarBreMbiSBE @hrilkie W@Gx@ﬁ&hﬁ@ﬁ‘ $Peferdbl§ AYIHonP RS {J RfeC,

can then be rTDinfl ed b&/ processes Such as catalytic .

cr acki §g-rieameBtihig 250°C sbfremi 128G wrR20/G.d FroencaaKkiodinenhdhe catalytic hydrogen to
hydroi g L ZRL o, yi.el | et bon uch... .

I So- par g&ﬁ' ns?é (:C 3%%-%%{?%%0%%%%&3 ?a(%fofr?rlfﬁt %‘ﬂ%’e@r@%ﬁ%ﬁg u‘?%éi .bSeTE%n?esaﬁlat ihlr%mr
FT 2f ueltergpanathes thaete astalytic hydiogémto2kydaaitienatman amiineh. dhékighétwemperature
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Preferably, the diesel fuel has a sulfur content of at nobst 0.05% by
wei ght, nore preferably of at nost 0.035% by wei ght, especially of at

most 0. 015€§8§5§g6%?wth even | ower 30l evel s of sul fur E@S%ﬁ@ﬂsszm

sui tabl e Lels with I ess than 50 ppm sul fur b

preferably |l ess than 20 ppm for exanple, 10 ppm or Iess

2009/ 076091PCT1US2008/ 085204 a I s and fats derived from pI ant

or animal materials are | asi gin o o
o Ty et ap a8 aSpuat o o et Bt ?%3‘?03%2% O on i 35im
derl vegoprddl e distill ate fuel s such as diesel. Commonly, such fuels

are known as "bi of ueI s" or "biodiesels," Biofuels may be derived from

many sour ced? MgosgbedrBeHpdie EwkHoh of rearhoml éEPIF%Q‘PundBf‘Y’éth IhRengssiediamine
esters 193;01‘3ét ¥ 5 #@ﬁﬁéﬁ%(ﬁlﬁ}éﬂﬁ&% ch&t p%c%ﬁkt SSucﬁ 'dgrbc@s“‘s h&P&IRREe providing a

sunf | owner, T ypes of fuel oftenreferred to as
FAVE ( ffastt a,ndamcchdwearhqdyl eememsl)ds from theNaldehyde am‘l kstone) dororidasadeiined above,
oils an a r il

pet rof sy e e Rbiio P Rellrduin b B ety ibobltboungy 1o one
m ner alentbollsneait, ttlhae fhar aimbbmylc porﬂpcpimﬂhﬁmyc be amdkmneedsuch a MIBK, MIAK,
parafflnlc napht heni c pes | ubricating viscosi derlv

rom 1GYEISRFHOnS e &° ’&"‘“QB‘? \Fé‘ © GE@P@:lca%’ iréi Gmpren r e%ﬁ@gl@éd

of oi | syamgs fses\&yﬁﬁfehy&dorfmyeamewml THe HEUEBIHYE cOBpAIUAL raieRd with 1,3-
rapeseed oil, coriander oil, 6 soya bean oil, cottonseed oil, sunf | ower
0i 110 ¢ dengsnedipminegiompeurs] undepétmﬁﬂalmq hydpagenaion qondigippedrdingd pbovsap ferm

ker nel I%qe?lg&&‘éurt c?édlfrorﬁ”&p%tg%xq:c%ﬁﬁgtdgdf jatropha oil, beef tallow,

and fi st fer exanpl®s i nc oils derived fron1corn j ute,
sesane, shea Rut, ground nut, and RinseeBsQil, Rwd mayRite de Riwed
therefrom by nethgds known 15}18//he art. %QRggeed oi |, chis a

m xture of fatty ?ds parti al esterified th glycerol, jis
available in large quantities and can be obtained in a S|nﬁle way by
pressing fromr R ils such pvell s are
al so suitableH Exanpl és of afkyl fattyHacids
can include comrerci res of the ethyl, put yl and

especially methyl est atty acids with 12 &Q 22 Harbon at ons.

For 20 exanple, lauric3 , hyristicageid, palmt™e~acid,

palmtoleic acid, stearic acid, oleic acid, elaidic acid, petrosel ic
aci d, rwherein|Ras endRicare alefineskehonei Asagiown the prepraiediate sampriseh bY@ pacendary

201, SFREITAE 061 AL Gl IBRAA0AL By Bl SERE SR

1255 Mhyﬁtcrgesatmntdmnﬁmbns defired| apoed va fiiragthe uskypate é 3t hepgenadiemireosenpound

whi ch cont ai n mai st 50 w. .% thyl esters of fatty
aci ds atvwg%ep%ra%}[rggpﬁgﬁdt?grog @%%T%&“T‘S“ g(;r‘rE 3" doubl e bonds. The
preferred | oner,al kyl esters of fatRy; aRids arFqsthe mthyl gggers of

oleic acid, linol®d c acid, linolexc acid\and erucic acd’

Commerci al mi xt ur e$taf the st at kind are tai ned for anpl e by

cl eavage and esteriffication of animal and vegetable fats pnd oils by

their transesterif i th 3 _NeQr
production of aHKyl e3{®f i \ ousi to
start from

e,

C(2)4

Ris R1s , Ris Ris
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30 fats and oils which contain |low | evels of saturated acids, |ess
than 20% and whi ch have an iodi ne nunber of |ess than 130. Bl ends of
the followng esters or oils are suitable, e.g., rapeseed

2009/ 0760@7@’299?9@?%}08/ 085204 sunfl ower, coriander, casF‘E)T/US%OWSwéan
peanut, cotton seed, beef tallow, and the l'ike. Al kyl esters of fatty
aci ds based on a new variety of rapeseed oil, the fatty acid
conmponent of which conprises nore.than 80 wt. %unsaturated fatty
acids with 1 1i%;g'on atons, are F{é"ferredR@ar arlyReeferRed are
oi | s capabl e of L,ng utilized, bi of uel s. Bpgfuels, i.e \f/eI55
derived from ani nal or veget abl e material, are beli eved to ﬁe | ess
damaging to the Vi ronrrent onconbustion and lare obtained firom a
renewabl e souy ce€. Z ex’T eport ed that/o’rt‘l omus e
dioxide is forned by|the eqtival en"fl guanti Hy of ] di stifl ate

Certain derivatives 0 bIe oil, e.g., thoselgbtai e

saponi fication hon Wi th acpml y e”al kWAl cohol
can 10be used/és\a substlt%ﬂ foy diesel fdel. Preferye

bi of uel s ar%svegq;t bl e oil "deri v&d ves, Rg V\m%h particlharlyr
preferred bi of uel s"are al kyl ester d%‘?di vatives of rapeseed oil, -

cottons edo abea Qi nfl ower oil, olive ai pal moil,
rapese Sthegsin R %y 16 @& esév%eé V@ﬁ%l pH & Jrshguld bsiup%ﬁw%t Grlevhsn
in admyxf 9oLl tfl'leifehmﬁ’;I bes mﬁﬁﬂﬂ‘é@cﬁh%a@&e’m deinl ViR de¥RBtiveER Group! mxtures in

any proportion of rapeseed oil nethyl ester 15and palm 0|I nmet hyl

ester. If\50rRE ER8Mimetts Ofht Skt e & tHP%&QWMM? @k yldles solely at the 4

conbi nati on' wth petrol eumderived oils. The present invention 1s
appPi cabsition mtheir danrebotb thetd @fdtfetbosams p’élthp bt:rm@m et@rlp stectivedlkylationaat yhe

ratio. For f y
or ef er a osﬁﬁ%ﬁzﬁggabgetfa%g} %&S%( Bgr%e rét%aljgl thgta o eas @ %gg%%enq k%tone t at is
of the a@atla.blerray rdzet ckéthi the ANN’ ahalhylpll ahénzenedﬁmmﬁal Faotxangple, Zﬁiolar rattos of

Al o- S BHEEY A& d6PR B LBl - Coarai oD g Hgh e B e than 1.5:1 or les

I nt er pehaneRi1Z ethy Ol Iﬁsnda&ygatlnnweyamtwta@l@ﬁs Inn@ﬂrﬂmpwg@n%lar ratios of
1Byl ene-isobutyl ene copol %rrers chl ori nat ed but yl enes,
poI #

( 1akishedeearketope g/ NN ol mleb§~be%p§ithm@é@wév§) matlk@llb’eﬁgerf&n 1.5:1
L S AR Rt S %ﬁ%ﬁ%%ﬁ%ﬂ?@ fres Sl
al ky| attleah 3o bdsy flar Aok &5 thand ha, alal ylsatfewr diopbakylhtiet her s and

| kyl at ed di phe | f d.d t I
Chereof Al 25 OTe S tiziehd SPnERcprEs ey HBpi GBR RrimnERg 1t amine
proces $1si[ng an Eeb(‘ﬁlehﬁ allylofscdy c&bﬁ[}&ﬂa@lﬁldﬁﬁiﬂo@)iﬁk_ﬁ:_%ﬁﬁ%lhﬂ% th?’%bﬁé@tl% &nines of
idor " ase ol ls

co ferredtoa astoll
Hm) ﬁ%e Slucae ﬁmlwi bh gt aﬁl%wﬁpmw torrdkodae iheatentyalaromaticade using
V\/ner e tRecaSdn E@hl?ter ¢ OrHE tALHRTaRAY HeReBBd TR 1288i10R¥ne diamine and 2,6-

esterification, ification, etc., constitute another 30cl ass of
known @h@%&l@r@mmﬁ@dmaturqsghmqfs0ptrph@l§eccmtaemex ddpplubhesidaniipe, may be used to

pol yoxyal| §¥l, B(?E.téaoll ¥ Zénéa(f‘%@ﬁ Led by polynerization of ethylene
y €

oxi de or ‘propylene dxi de an “al kyl and aryl ethers of
In some embodiments, the processes of the invention may form double bonds in the alkyl

20  group that is added to the N,N’-dialkylated-1,3-benzenediamine. The formation of unsaturated
alkyl groups may be favored, for example, by decreasing the partial pressure of hydrogen that is
available to react and/or by decreasing the reaction time or temperature of the reaction vessel.

The specific catalyst employed also may impact saturation.
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WO 2009/ 076091PCT/ US2008/ 085204 pol yoxyal kyl ene pol yners (e.g
nethyl-polyisopropylene gl ycol ether having a nol ecul ar meight of
1000 or di phen et her of polyethylene glycol having a_nol

wei ght of %%@BW%BOO) and mono- and pol ycar boxylic gg?@$§mWWgﬁﬁof
for exanple, the acetic acid esters, mxed C3-Cs fatty acid esters,
and Cl3 oxo acid diester of tetraethylene gl ycol . 5Anot her suitable
class of synthetic lubricating oils conprises the esters of

dicarbéﬁ@ﬂﬁﬁiaéids (e.g., phthalic acid, succinic acid, alkyl
succinic ac @Igg L AR Jmeﬁ#@s%hﬂh@erﬁ%h @?ay yEBh&rforded ﬂ) a P&EhPAhG I, dor
suberic acid, sebasic aci umari ¢ acid, "adipic acid, linoleic aci d

di mer, emmhplej © iagirdve eidapivertabilite adioddnhibit Kegrgdation|os deposiicionsgtion t1R 2

avarlet of al cohol s t a

alcoholpr %&ﬁ@ﬁ%ﬁ?ﬁp éP gﬁgF)y3¥ky é%@m%byCoﬁééémﬁa&Q e%%“%ﬁ§§%?°§§w
nmonget heventiph Qs Baengiryaraled . infop e cildid cthetx atiptvese (Woukh(bh _sbjeetr 0 oxidative
i ncl udes dlbutyl dlpate et hyl hex sebacat n: hex .
fiimar&egrad %ﬂoé?ct U B R05t %mé%]i’m ﬁ’(eypvg‘fé’lnalrgem i uédocFe%’y Ubélfgt fuid,
di oct ylco Bhgiﬁ%aé %aséj'sg)%ﬁﬂndp@t QiR SHRLCOSYdt RePasa! 6f thd@lkylated-1,3-
2-et hyl hexyl diester of linoleic acid dinmer, and the conpl ex ester

f or med bsyzenediaminggeonrnssifions ob fthes ptsaent dnyeation wi RraferaRly. i diicypomprises the
tetraet] ?&F l@éﬁ?éne&?&mteviﬁ ag%%ﬁntﬁhfﬁ?c &ty étngff&ntﬁé @luﬁcangmst]tﬁg%rﬁra@?on
usef ul % etlc oll'sal'so inc ose from C5

nmori@c ardf dxpdsnts; rdam‘dsto dreckapelcpmipssitordwisioduy dle aészﬂmdsl S th@hzeasdlwempe ntyl

1 pent aer y iy e oimbochet” el FRbARRIE 0 billts SEn oBiHG i kprpfficon

pol yar Yompribia )éﬁieKQX)Yle béde smkyagyhtbxsesstdmm Mebridhtiy \aﬁnd>s1$y, lit alatamoumt lf®om
conprise anot her usef uI class o

th | ub
i ncl udet>20 9908 i ity froagm BY Enfedd Y’&]} %f)?%&lé ‘ I‘gﬁ); %ﬁdém i the @tal Seight of
tetra- (tﬁe 855%%'&%@%{1 )tﬁé :le foeg 1 i@én&éhe(lﬂlnﬁﬁ'é hyde ﬁmd%‘ié@%oh@hﬁ!@%de'cﬁ%ﬁ&e of

tetra-(p-tert- | i cat e,

hexi&- ( %adkmmdz#ebmme@mxmcmpmw th@mege(nmvwlqnsn lap eeawat fraig 0.01 to
oly(ne hen CBl o

pl qﬁl( d ()te gz%{’ é’lE) CR: phdoés%x orhfﬁtsﬁ’co%al 2?@]5 %%f gase% B{l ltlfeatg ap&elgh'é of thQGAsE' d8ck

phosphaind, thé aikeLitedl 1 Mmhﬁhﬁmndl @ﬂbphrse,smthasr acatﬁltd'es: ;ﬂap h&x@dﬁwnclud@cmd)le

and pol ric te dr of ur ans. The . rica Vi S

can corf%’r CGE’S‘SBXIPW & g SfemP ?W e@%B%}HlePﬁ t%h gﬁsseeg dggregein Bh%rbe}/n&?‘}nt
bl ends @fm fsb%o a6 99 GA%Bhi QRELpHARIAN sh amkent e8I abb Y% WRerdinlth©fompound
| ubri cating V|sc05|ty is aGoup Il or Goup Il base stock, or a

m xa0ur ehas terfesnulaor a nixture of a Group | base stock and one or nore
of a Goup Il and Grg1up [, FPreferany a mgj or anmount of the oil of
| ubricating viscosity is a G up 1, Gaowp I, Goup RV, or Goup V
base stock, or a nixEure therkof . The 30| base stock, of base stock

bl end, preferablﬂ \Te-Rzont ent yof  at

preferably at |east 75%

base stock, .or basersH®

% nore
reT\ek?bly, t he

east
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WO 20091076091PCT/ 11S2008/ 085204 saturate content of greater than
90% Preferably, the oil or oil blend will have a sul fur content of
less than 1% preferably [ess than 0.6% and nost preferabl

than 0 4%W‘Bﬁ"“§@ e . Preferably the volatility BfTU O’fﬁ‘?slsz"ér
oil blend, as neasured by the Noack volatility test (ASTM D5880), is
| ess than or equal to 30% preferably less than or equal to 25% nore
5 preferably I ess than or equal to 20% nost preferably | ess than or
equal to 16% Preferably, the vi §tosi Cyz;i ngéx (VI) of the oil or oil
blend is at |east 85, preferably|at |gast 300, nost preferably from
about 105 to 140. Definitiogs f hél base stocks and base oils
in this invention are the sagg”as TR&SeA ourﬁ*gn the Anerican
Petroleum Institute (APlI) publicat]on gi ne &1 Licensi ng and
Certification 10 System" |ndustry| Serviggs Reepart nent (14th ed.,
Decenber 1996), Addendum 1, DecenbeRxlS Thi s publication

categori zes base stocks as foll ows & oup | base stocks contain
|l ess than 90 percent saturates anBf or greatter than 0.03 percent

sul fur and have a viscosity index greater than or equal to 80 and

| ess t%{arele%@hz@lmglwa RERL, KEA M SrSREGE] hitde N Tabl e 1. 15(D)

Group |l base stocks contain greater than or equal to 90 percent

saturates apd.}&is éﬁgﬁ'ﬂaﬁ% ae‘glﬁ)lgﬁ Imdn® t?:l QI’%V@%‘@&? ‘?{'Eci §%J1&'La% % Zlgﬁl\lg(gaitlﬁ% oil

viscosity index great r equa and | ess
t he tespmpesitiond szompssmg iaclohse stothtandg NI N-dicyclqaiyl-@ytodiplkyl- 1,Bdsazestbarkise.

t | t. cent sat u at
B T e e R S N R R
tgan C;)ﬁhéﬁ;ﬁ]uflghtmfltﬁé) bk sm@:ktehﬁl ﬂhleNI m?alfbm@_ usypap ggahamgﬂ i, ag{aﬁehai\llamme.
se.S a erl ns - e) | u A
SO S AT R A B B M AL AR A AN & B Juid in an

L1, 1] lamo@ht frym dABLE 4 vA%"HéEédcéﬂx Mt RQdSefeBl oBRAKE baze OGEkPLRP et ¥ N3-
Test Method Saturates ASTM D 2007 Vi scosi ty I ndexASTM D 2270

Sul f ur Asyrioplkykd6-dialkyl-1,3-benzenediamine.
10 In such embodiments, the lubricating oil composition has a sufficient amount of the

alkylated 1,3-benzenediamine to stabilize the fluid against the formation of deposits. 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
15 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
20  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

25  organic materials can be natural or synthetic. These organic materials can include “functional
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ASTM D 4294 ASTM D 4927 ASTM D 3120 WD 2009/ 076091PCT/ US20081085204
Addi ti onal additives nmay be incorporated in the conpositions of the

invention tQ enable themto neet particul ar requirenen | of
additives‘YﬂﬁwwWﬁv9%e included in the lubricating oil %gﬂ%ﬁéﬁgﬁgﬁg

are dispersants, detergents, metal rust inhibitors, viscosity index
i nprovers, corrosion inhibitors, oxidation inhibitors, friction

nmodi fiers, .ot her dispersants, tj- 5 foam ng agents, anti-wear .
Rgent s Tt puBRCeBE ALS. dapr s dhiiels ol 85 QT 58 st g Rgpn fuids,
det ai | Ja@kPWeering fluid LRIrAER Aigks, Qhd tEHIRD RS, doipPestdr TubSoaRts€8@Bhotive and

invention can further contain one or nore ashless dispersants, which
ef f ect iindustyiat @eyyclubrienntsaend hedf rapsfso Silss lupsisatingeoil gogaawviignseusalyl in the

di esel p%%ﬂ &b the%@s@n@iﬁ%ﬁioﬁ%olfgﬂ%é'hg ?r%aﬁd?%n%%tsof &bt ﬁl%ﬁcﬂiir[rl% Q/?src§§1§ta§1d a

useful 'In the conpositions of esent I nvention conPrise an
oi | 5solmibbre amohntref iat l¢ash gne henzenbdiakine neoniyzund dhakingcéneonalmaye ayplsalkyl

capabl e_of. associ atiing with particles to be dispersed. Typically,
such dFE%@P§3 f@f@gﬁﬂﬁng“ﬁwghe, al cohol, am de or ester polar

noi eti es at tGARRE Wibreatidpevifokiyyidefil) ac e @oatextOffliRdpréseat Mvbrtiol@Gaf e selected
group. The ashl ess dispersant can he,, for, exanple, selected fromoil .
sol ubl droasypgtural pidrigating oxlsy sypthgldq Wbgcatingiodeand myxiyess thesepf. kg 20ricaing oil

of | ong.ghRi-p irh‘)'ig(fo@ﬁ’ffrgf?irﬁ W RRTN i bRtk ral bR s TRy AdicRAYSR! 8K Y kfsoline
aci ds or anfydrides thereof; thiocarboxylate derivatives of |on

chdPn tepgine ©ds.bomsral brigatingaiils, aidi ket ety Idjeselonitsr Homsraizvtha giscosity of the
pol yam ne i.efl Lre h X J j.¢ch .
Pontendlia ot 2REMAo b Bowed St Res. B Fanou ¢ eopvisgres
phenol twvabdut RO cernisiéyy demamstirgdak Y@0°Ky| ene pol yami ne. Preferred

di spersants i ncl ude. pal yani ne-derivati.zed poly. al pha:ol efjn, .
Gl oher cant o, TheSgsel e § Baleing st Bl i e BReMLT RGP Rfilit, e ofl. Sueh
pol yi s isiliivleenal-dlia sesbrallySRAT $RRhIhe Rakd bCHbRMITY IRiBPC edlg. arse°@sh@ss.

di spersants derive frpn1€oly|spbut | ene substituted with succinic
antydr ilhe fuel eilgsayasrannrise eteasphdricHlisidleteer rpeuiedistitaite srackedygas oil, or a blend
pol yi s I F Q1) Vi I ana Y. :
o sl OB f S eI 60, A LA, R
di am neracked aret hydrotrackedaitiilhene; a hydroxy conpound, e.g., 25

entaerythritpl; and copbi nations .t .eof . —_(One r.tigular r.eferred
B Spor sant Chfenareof Dot s AR T TORSBF G EutlaRirhel 8%
ﬁu 3st i tknbed asl FE f8¢l§,Cinblude aﬁtfsyctreisﬁ&;_ea refﬂuglﬁ-tél-rﬁduiﬂe(lfiml_@dﬁl\lﬂﬁl lbioﬁﬁ);s—&-liquid
I OX ouna,, e.g., entaerytnritol; a pPol yoxya .ene
p?c/) |29gmy(ﬁ§30~57§46§. %ndﬁeﬁlf’my%ﬁlaﬁ%%% el Akt ﬁ&,‘l%?ls,(s%}g% GOy B [igth generated
di am Ngnd ehed- conAe¥ 86 BY IS PadiBlIvyS: Bi8hel-8tdp@E %&S&&EGTH@H&&{B Paratfis Gsh
about 0.3 to about 2 noles of (B), (C) and/or (D) per nole of " (A). 30
Anot herthgsr dfeemasifiedi e prmesset owbh nast icatalytio nprarking redorming| eratijosstiadtion,
A ooly. et . e '
bol y A SRR RD b BYESIBhEARRIOKE LR Wbtk B BurBCRr R NP R iso-paratins
2009/ 0 egtioaeaTfiniS20D 8ot Bif2 bmpolrydsy dThe raahiting dHT 6uel can be used as such or in

PRl Sih i e dobonants R el e Afoabiediis msliosy yels derived

Pat ent fNen plinb3Pafihdl sources. These can be used alone or in combination with other types of
fuel.

Preferably, the diesel fuel has a sulfur content of at most 0.05% by weight, more

preferably of at most 0.035% by weight, especially of at most 0.015%. Fuels with even lower

30 levels of sulfur are also suitable, such as fuels with less than 50 ppm sulfur by weight, preferably

less than 20 ppm, for example, 10 ppm or less.
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Anot her cl ass of ashl ess di spersants conprises Manni ch base
condensati on products. Generally, these products are prepared by
condensi ng’vabout one nole of an al kyl -substituted 5 non

pol yhydr oxXy OPWNIWAY with about 1 to 2.5 noles of car boﬁwm%?%%mﬂ(s)
(e.g., formal dehyde and paraf or mal dehyde) and about 0.5 to 2 nol es of
pol yal kyl ene pol yam ne, as disclosed, for exanple, in U S Patent No.
3,442,808. Such Manni ch base condensatl on prqducts can jncluyde a.. .
pol ynmer pr o @ulg ang fats, depiied froge Blaat An4ms] Fagter T@’ﬁé‘i“ir‘i"éinigb’n? '&gn%apphca“on
substi Guendis QRy tlﬂei)aﬁﬁ:ﬂ?a?n% SR Rr B %’%@r@ﬁ’ac%ﬁ@ﬁt&?@r Phdleutn aaiRAURRdle
cont ai ni ng such a pol yner substitut eg 10 succini c anhydride in a
nmanner distiffite £hels sudhhastdiekel c Epiagniyn swhsfuelpatr@hrtowvoas “Piofudls'Borg"biodiesels.”
Exanpl func % I

syt hedigdts b Sl BB oBREL Y A EE g il ool B, fhe llo often
pubbi caietipnsestae mf lfefttyea:tldswatlacted from pIEhB shchpxerrapmeedc amfloevef, Lanldhhc hke

post treated by arl f convent i 0S t me ts such as

bor at i Jﬁesea@peﬁé’lﬁ SAPTEP é FEeq 1R 2 géﬁ)@é ?‘@E%C‘m{hyge ' 936 and
3,254, 025. Ronahll 6 8klule dnhfaldhispaids ddpetable b@AM.&. ymwmrrmbst@rhem) buid
treating an acyl nitrogen-containing dispersant wt

conpoumdtrolswarpilsseng dwarerefinede solvst-ratedh of é@dﬁ’@%‘ﬁ n&}BFfa]s Oll%ﬂWhé Sregtnic,
of bor 818p1ﬁﬁé1ﬁlcs anll Tid84 ?@%ﬁc—?&b&tﬁeﬁﬂcq es! Q)ﬂ)sr S fugﬁcgtlrhg mis% 95%}'[ de@ivéd F8m

about atom’c proportions of "boron for each
ni tl0ogenalawnshas alsd serve wsesetill basespler éhhﬁtr%mpitmﬁplfsmdwfﬁbdmve@ ﬁ@m angmal

about 2.0 rom ut 0.05 t,o ab ut 0 0%

boron, peibie ol a el B nsnd olgsFRRYn B atthisesd A showkh il
pol )érferc&stgrpc(ﬁjll Bhike b, ;ﬁebaaza)13)na1ze$11belmoeued pzﬂmd{ehaad: Ellt@cmhe oldj mp?arﬂamd
i mdes an iim as. amn sa orate.s t o t he

dii m deil BgPEha %ﬂ%eeiﬁalw 5 fish WL% Fblyth ﬁ“ﬂﬂr&ﬁﬁ 08108 678 Frog) gpripg e

% e.qg. sesair{eoEﬂe@ct?ﬁ’f“grc;unﬁ(?m@%&'hné%e%ll aﬁ’d(rﬁ@ﬁ@éjdé?ﬁea AR rdTRmS bP nefoN$ known
ni trogen conpound) a bor on corrpound preferably boric_acid,

usudl | yin gke art. sR@pcrsyed pib whieh iscy miiier offery eeidp putialln peicrHicdr Wiy ehiperal, is
stirri b 5C .t 0 9

From anatriol iR Ry g R Uttain) 2Rl Moy Hh e b fohtaps 20
Al t er nddcydted oild dueh bousod kitclea toite ate atsarsuimé)leconduct ed by addi ng bor| c

id h f di b I d |
e, i | SsebFavinge Ak BT it et Bt RFELOR s BFbOeR Biiflsa] e

known gyl Neopyit b&ﬂ%nﬁ'e@&c&ﬂy&mhyl @kers of fatty acids with@2 € SDedrbaitoman For
al so be further post treated reaction with a so-called ' cappgﬂg 30

ageft . exemRpe TG AAd | TGy TISHE @?lég@#fn%r@tm&» PRImgOlIcsA5ich siafHcack QI1qHSHh Elaidic
" capped;d e{g@s@ﬁgﬁmﬁhﬁcm%@czﬁq)@/ Q%@Q?%P Gk &J%QQ% 082 20 a6y &8, eelcosanmc

ef fect sué |spersants ve on t UOYOG ast oner englne sea S.
Nuner owsid; gpiuileig acidedcosanit avit, loo dsiciwrasidarewaefulGind: iveve lan dedine' namphsr dgm

h di
non badloc oG prRE ML s RN, TREREEP AT e BB b By those

The reaﬂz}ilc}oaomémanainlw ngea-lennbAiw) %gnﬂtlﬁ;pes*t&armtf fattydacidskyith 16 to 22 carbon

acet oacet at e et gacet scri be or
exdipl & O%ar@ 52 pst g?@ﬂ\b@“ﬁ@%@f@ fd‘:fawegg%?ﬁmgﬂga *?19 Be mehyl

reaCt' QRtef 0fR 1M hdi@IRBISOR R 1iRbIBSic Abid PAdTRYic #d form c acid is

descri bed, for exanple, in “U.S. Patent No. 3,185, 704. The reaction

product of &ommereigh mixwresaointhegsteipd kinds arst obipiaed forepxasinle Riy| @eavage and

coPt) "SRR LR R RO e’ s B B pHOuhef, RhEeAACEY SRl Bver
5 849, @Tl@hata;m’]ccﬁx,OBG ]Fo3©8)d@athdwd>f aAlkyd estetsof Ifattieadds, itda ptontigess te stgrt from

oL AR s o, 5Ll BB RE RSB0k e

5 407, 58diné pahper(of 1egs thahil 3).- Btbﬁds ofakg follanthgldsirs dratile ate dMhabld Gl Gaftseed,
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25 incorporated by reacting excess netal conpound (e.g., an oxide or
hydroxi de) with an acidic gas (e.g., carbon dioxide). The resulting
over based deterﬁent conprises neutralized detergent as the o

| ayer of aVeR174Ase (e.g. carbonate) micelle. Such 039@3750«%085204

detergents can have a TBN of 150 or greater and typically will have a
TBN of from 250 to 450 or nore. Detergents that can be
used include oil-sol uble neutral and overbased, sul E@Qat es,

30phenateowautdrignilere gastive Byl can FRBEh 6XoRoised el iPVe ?‘Pdaiihé dike. Alkyl
napht hye?fg{ $Sot fa gm% P%Fd Ohla- RO %Par I MQR?SQQ@(J@ 4RO %@%‘Wélﬁ&ﬁ%@ﬂcb

car box es o partic | kal i or "al kali ne earth
met al s,comptjsgs mdnhmmSOp’at %smsaimateldﬁatm agids wigh 1§ momnmm@fmﬁ The

e prosent PheaEy ever Sa i Aai R RARE Y Rl CRicha, 29 Rk

and/sor déﬁgétﬁﬁbmrﬂn%ztl hor yoghitabie mgkibl, atel mlbvedao b deis elaﬂnagmg &l the env1r0nment
detergents are neutral and.5 o erbased Lér:l um sulf es haV| n

TBN
of frorfAm2ermbpstigy apgnre MHP‘F@U PEY 2 JREf BAEEd (:Ié ﬁ‘?rb AeRoRES hafop
sul furizefh, BiENetarddn tidiGdeTiSbiied ity AR gtﬁm‘a%nﬂé@anﬁ@%@eﬂ@lehﬁﬂﬁstﬂlﬁte fuel,

detergents, whether overbased or neutral or both, can be used
Sul f onat@sdiessh fumd, mdemy didtler subfvr Sigixidsriis fommradel SCorbaite Rerizielives,qfi vegeteble oil,

obt ai ned, by ehé:}ot 1%{1%%;09 e Ionaz’lnifié!e F&%&aﬁ%ﬁ'%\gﬂf sl gﬂﬁc alkyl alcohol can

hydr ocarbons suc se obtaine rom-t nat 1 on of
petiool esernsed d)@/smhﬁualfkydlesﬁi fwl.of aromati c hydrocarbons. Exarrpl es

included th se ob aI k I ati.n nzen

napht hal ene, rﬁﬁe EVI?"‘S(FSO tvﬁ%‘?t bl 9 16%8?&8’8? |§é’f}f1{;}b rﬁﬁ‘g?ﬁ(}ygrefqemd biofuels
chl orobga amslﬁest&hieﬁmtv@é BERGeBd ot Nobib e bil e bean oiheulduet atlj dive oil,
can be perforned in the presence of a catal yst with ent s

ating a
havi ng drrestmatibutpesced ihmety pder bR epon! YaP’i‘}fFéTedTﬁ eéPl@&? ;?F T afimixture
sul f Ona\;vfﬁ? oﬂﬁ%f"@érg] ?ébfeQﬂ]} @riatifeg) %‘bﬂ%m%s {rlOan gti)%ﬁort%}l SHraplER olPmethyl ester
ons erera

carbon a y fromabolt 16 to about 60 carbon atoms, per
al kyd saﬂds;ialmutlmbt}aﬂoml C noiety. The oil sol ubl e sul fonat es

ol koxi des, oAt BEREQBoNER BEyrE TR} 14 n bbby Rt PRI B
ni trat esils. brieafresent Biventinhie raﬁplﬁfablb he niietueds. of iefue rand rpbtrdbum&kéyed fuels in
P oduct BRIy BPCETP o ARGES P Hy BB 190 F5r 2B REetemhy 3 Bee By
at | easfodi2periably4t 1cakt 9t51%3‘1§y Wi gh@&l‘ﬂ@é‘@l ko el diériVéofidrh @ @lant or animABb@ke.
salts of phenols and sul furized phenols are prepared by reactjon with

an Appr opr i abynthetie émbr@gwmmh;dnglg@mh@gocgrbog)gﬂg@n@,halﬁsﬁab%&qt%hydawbon oils
neutr aI b e I

"o-the 8Fp BEHRIREDAE" B ThRRBde® MERACTe BY FRLNRDE po PR ncs
phenol mobjfiemaisbbnrtyleme @op@lﬁnians chhmhatcdl poﬂgbmm}wpw pdyéluhﬂxew) Wb’l(bg@tﬁnes)

I fid ul,f hal i d
whi ch abaielategrnary S etrehe L oSS URHEAMY SedRe R s i b fonzenes,
phenol sd@-@thbmeﬁsgpfén&ymssubély;sheﬁsal@t(ag nbrpgeﬂ@ns d@p}aanyla; dﬂyyzlamd @oRphenols); and
di t hi ophosphate netal salts are frequent use ant i wear ang
ant Poxi dreted glinheny! ehres sk alkylatadh dwée%yﬁ ‘éﬁéﬁ ddiaﬂ“éiﬁtkvéi ? Hiomologs

metal , ﬁl_ﬁ]e@k UR1sH lﬂl@@ 1 ﬁ@gyntﬂéu@ oﬂg’ Qeﬁ%ldmg gﬁ@ t0 qﬁﬂ%?@e%@s frBih P RherOTropsch

copper. e Zlnc sa ts are nost conmonl Yy used
synthesized hydrocarbons, which are commonly referred to as gas to liquid or “GTL” base oils.
Alkylene oxide polymers and interpolymers and derivatives thereof where the terminal
hydroxyl groups have been modified by esterification, etherification, etc., constitute another
30  class of known synthetic lubricating oils. These are exemplified by polyoxyalkylene polymers

prepared by polymerization of ethylene oxide or propylene oxide and the alkyl and aryl ethers of
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WO 2009/ 076091PCT/ US2008/ 085204 | ubricating oil in anpbunts of 0.1 to
10 . % preferably 0.2 to 2 wt. % based upon the total weight of

t he Iubricati@% oil conposition. They can be prepared in accordance
wi th knowtV@éURNTHes by first fornming a di hydrocar byl PCT/US2008/085204
di t hi ophosphoric acid (DDPA), usually by reaction of one or nore

al cohol s or a phenol with P285 and then neutralizing the forned DDPA
wth a5 zin nd. For exanpl e, a dithjophosphoric acid can be
made byoPEX¥4 ﬁbﬁ@’eni’% Bs (O Fatudpg! Yaﬁqarogﬁféaﬁoegmvpa% n§ving a molecular
Al T er nagdite on ,10('501!); iBhénytethBl SPRRFRAINAECol A% UaviRgR nifledUBRAAER oISt

t he hydrocar groups On one are enti rg% secondary in character and
t he hydﬁ@@aﬁ@zmog@w@sp%wath@éym PRigTS th@re@f efﬁt pxasipfe $he pegtig apid esters, mixed
char acteer i dial zinc conpound
coul d t@ %8 @y ugSt% :ang)%n O)ﬁ)aalcﬁd %ir oXi Z?&{a&hﬂlgn@@%énat es are nost
genér aI I y l@uethpt Glyl&\ﬂ]e Mrsgnthétlcahidncatmgmﬂfs mempawslﬂye expart af dicarboxylic
excess of |nc g he use of ap_gxcess o th aS| zi.nc coppound
in the aﬁlg ?‘5!’ P tg.?elll ?'01 eSél&(El{llSr?.CId ky sufﬁ1éxlc Q.Cédrs %ICCIIIIG acids, maleic

di hydr agiar Rydlaigidchi, eph@RPRAd, eRbRic a8d) ﬁmnubalcﬁi Sa@hdié a6ill, dhé1yidrRanaimer,
di thi ophosphorl c acids and _can_conprise zinc dialk

di t hi op#Yph asidsalktpsloniceacids atkenad Fraleppc é@ﬁs)b‘@t}pamw P4 lcphels &) butyl
when u I S I i

oont al erendt kAR BRSRANRICER hetoS U 1AL bBlhe ERTRORICIYRAE gly2ol
sudh asndnoetem ipoapylede @hrcob. dpecific @xagpleg of guch @stexfsrlmtu@@ di;hutﬂ ddﬁ)ateo d1(2-
about QO sed 120 t t f t i

ooy dibThein schecESEA R IR oclESabli 1EERTRAM:E Bl crcie
| evel s ddxfct}ﬂ rphthaliab@tdﬁde@yl(]ﬂmthaﬂ)at@,bﬁ&ibos@l &bacste, 184 2-sthgtherd didfsmmoﬁﬂmulblc acid

0.05 to, about. Q.14 . % aor fromabout 0.08 to _about 0.12 w. %
based Sinehnd Biesoniss s f%ﬁ%edc%%gffrtg‘ g, mpls o r7e0451% i it hotes of
enbodi ﬁ&f&ethyleﬁ@rgly@@ﬁdnﬂ@w@'rﬂoléém%ﬂiy‘lﬂe%lﬁn@imd he present invention
contain zinc dial kg“ di t hi ophosphate derived predom nant

|
ovdP 50 nol Estgs uyg aassmb@rc @b aﬁq inchgle thasermade diognFy t%dznﬁ@n@arboxyhc

comer P PP SXPRR Aokl e Bi T ool Aty B8R Hfracryitriol
Lubri zcuihpeh@@ﬁrthrltulmndm;benmgihntbhbrl zol 1360, Lubri zol 25 1395,
Lubri zol rom gy

oo fbe 35 Sticoftaseaiils &8t a5 He s SRS SRS ko BRfkakid oSS fome

t endenayls Gihd rﬁllﬂﬁfeabxlspbdrﬁpﬁs@ Ahether ugdfall eadsNofSmitietie 1utsaeaﬁlt§,t 6B oils include
deterloratlon can be evi denced by sludqe in the lubrica

varti sietaely! dePsatrs steaisoparyet Blicatsr flefte@; eﬂéDHEFXWSWF%’osﬁeff?(‘bf"@%’hz‘
Such Oékm{empsm&m %ﬁ@(p%tmo&hﬁ%emm%fc% RBen -rﬁeth?ll %édhymex@%ismtaxane
netal salts al kyl phenol t hi cest er’s” havi ng preferab

30al kylp0§1(méth(zl§%110ﬁgnes ead polufmfﬁbyiylhqmbmbixamal Otlers sylﬁhettlcslulmﬁatl@g oils include
henat 2Q / 08/ 0
Phospho s por el RRRRRIE o e 3RO BRALAR, o Mot e
rret aI tebtboo:faiebﬁlphclssphonmadld)mmldlpblymemmﬂﬂhydmmmunds as descrl bed in

at ent

d. nol ybd t
TyRScal of | TEOPUK BOEFOIELYE R OO mRUM ORI P oG g7 SO} e sock

gr oups cabhgecliesletis'@ehd sfoRnicAtiGie bASH A6ckE] PFIGEBly CAB LA bR ok
carbon atons. The anmi nes can contain nore than two aronmatic groups.

Conpouritid Gagn KT Sreuwn Ui base sieek.| s aanixiuip Bereqf.owatmiztuge ofipSroun hase athck
two ar t ¥

v BEEooeg, ) AT 0, SOMELSR Ry 90 B Akl
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t ypi calat eastitse4, Is'uclt edattyaso 88260 thm rpeefsnabm thebasd stocke loe bhsedidck didend, has a
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15 about 0.1 to about 1.2 wt. % of am nic antioxidant and from about
0.1 to about 3 wt. % of phenolic antioxidant. In another preferred
enbodi ment, lubricating oil conpositions of the present invention
contain frEARMBEI910. 1 to about 1.2 wt. % of aminic anPEHYPHAHIS2% om
about 0.1 to about 3 wt. % of phenolic antioxidant and a nol ybdenum
conpound in an anount providing the |ubricating oil conposition from
about 10 to about 1000 t‘gm of nol ybdenum 20 Preferabl | ubricatin

oi | computite santent oSereaier then 9476 Bf%ﬁblbféh%)ﬁﬂ phel pread wit f1/=in?\ﬁ'esrertfrlrofr‘rnten of
partic b [ 3 e of
the pr géssge“rtr aéllrln/\%li ?\%frgl%fr’rﬂy? %gt&{ agrog@/rrgaggrlédgdm %ep%g}tntégsr thghn%mgr’ ggat%g{rghfhan
1200 ppm of Ppifesplychersolatility todiithe ais ht ei$ bleadt dsonsadund dy chehNpadkhentatility test

benzenedian nount of fr 1, to about 5 .~

pr ef er 2§$$M &%ﬁ?@b(’ﬁr esb%?nv\fr etal §o 2@36 tprgl Rﬂ/&y s tha & sBslele a%ﬁ’z‘}’ mmore
f r os ah@eferablydesstthan’ortcquale QO%3 mbkt préferablieless thireorauplhosiohor Risferably, the
content .is required to_ be | owe t he anount of %g Ieis Eétroxr danfq

ot her  HSASBARIEIA) e @il of bﬂ)“"rnéiflé pER) SprRiple F ti%giogt Pregeedly
fol | owispg, st eeieplspr y of the secondary diaryl am ne antioxidants and
are commercially available from Chentura Corporatijon: Naugal ubeTM
438, Naugal Wlséinitidas for taakpat stoekseud basilyan tieinggsion e iga subeasBose found

Naugal ybe_ A P

Naugal (he 5o AR R0k BSPIDRhSledio N aHiig 408 corifoaion
WO 1200 Bystémn)9 Ifdasit S 084 M&Mexﬁﬁ(lmrhded I Deembet. 1396), Adderidoml BwDengmber
are exe #a 1}1/ of . substituted enoI ant i dants that are

comer (:Igg Hy" 15 PUplicaBPnCH SO R Er ﬂ%ﬁtﬁ%sﬁ)kog@”ﬁti on: Naugar dTM BHT,

Ant i oxi dangg) 4ailoufaxm§tas&l@tégpd s@nird Bobs t@ﬂ@Ofﬂe%&Qdﬁﬁat@Ehﬂyer greganoxd M L
115, Irganox L 118, lrganox L 135, and |rgal ube F 10A
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undat ur at ecb)d Gmwpbﬁkgter stodasrcdntamcgraaten thga ox:crmabtﬂ)n%t) pdrepné spolaterend  of

styrene ang a r e and |aI hydr.o a r of
styrene/i sge‘ﬁ? Orseﬂ'fﬁﬁi%@%gtﬁeagflesﬁgﬁ“ %dgt"&?pvr“ec%e %&ﬁg’ag‘%ﬁ{e& %HE 0§

as the par tial o/s0adriegetat 120 uspgwiRokyt m&i‘t}&)d@‘spdalﬁeddil @alsle and

10i sopr ene. A Vi SCOS]| i ndex i nprover % &gsant functi ong
both as a sEsyptil t%%aétﬁcr%%rnmwafﬁa oh g Bg Bfeent gsiunains gad o
viscosity iQgdenhniFREIN 86 098 RALACHISr bAEhHLS: ¥i8RGH) RReP g&%@tﬁn@t

am nes, for exanple, polyamnes, with a hydr ocar byl - substi tut ed nono-
or 28i car boggual & k) ugingrthevestonethods sheaifiestiarTiahle Isubst i t uent conprises a
chai n of suffKci 15 i ndex inproving
properti es%{)obﬁt@% dag%%%%stapﬁﬂg%@%?ﬁaérﬁgﬁd%r scosity index inprover
di sper sant (€afrdmp, thasre sﬂaodwrpiomdeallpnhqrrMSe obcka nGdintlod€l/ Grospt Lkt ed
ester of vinyl .alcohol or a C3 to Cl10 unsaturated nono-carboxylic
acid or a & ¥0'C10 dicarboxylic acid with an unsaturated

ni t rogen-cont ai ni ng nononer havi Tagf, g ¢ 20 carbon atons; a pol ynmer of

a Gy to C20 ol ef i anaMddal ﬁﬁtﬂé%ﬁﬁlﬁa@é SEciBroborty kst WRAR OF
di carboxylic acid neutralized with an am ne, 'hydroxyanmine or 20 an

al cohol; or a further
reacted either %c&{tﬁoﬁd&g a4 to Jhyat ed

nrtrogen cont argt oner thereon O t| ng an unsat ur at ed

acid onto the po‘t ynmer backbone and tr‘rA 4,Ng car boxylic acid
groups of the grafted acid with an agg%l roxy am ne, or al cohol.

Friction nodifiers and fuel econony t are conpatible with
t he ot her ingredients
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25 of the final oil can also be included. Exanples of such materials

i ncl ude gl yceryl nonoesters of higher fatty acids, for exanple,

gl yceryl nono-ol eatc; esters of |long chain polycarboxylrc acids with
diols, forV@MTH1 t he butane diol ester of a di neri zBRETUSOAIHE ed
fatty acid; oxazoline conpounds; and al koxyl ated al kyl -substituted
nono- anines dianines and al kyl ether am nes, for exanple,

et hoxyl ated t ] he and ethoxylated tallom/ether am ne.
20091076091 Jiy8s29Y be incorperdied Indhe RAMPISIRANS 9F th?darmﬁeri $o enable

conpri ggnPith 'Iﬁ&lt Lblaﬁi%uﬁf YaffreRRhi DOERIMRIGOIP eEes (RYCRay b 5 1ncluded in the

or gano- no| ybdenum friction nodifiers also provide antio
ant i wedybricptinl o8 compasitiensr dre atisparyanss.| d%ﬁg@‘srmfﬁdnrustEmarbprs Vr;sfsosguchdex

oi | soI u | ude. di,thi oc rnate
G t i oLHBle ] ARSI ES T SRR A8 orh IR itk SR BRENGRS ans-
sul bi désammgdigeﬂte dntikegar agehtsrand poespdiltedepedssanRar Somael lags Higouseall @r fugter

are nol gq%nﬁm di t hi ocar bamat es, di al kyl di t hi ophosphat es, al kyl
xant hat §d” al kyl t hi oxant hat es. Addi tionally, the nol ybdenum

conmpound ca |d| c nmol ybdenum co und, These conpounds wi | |

Fonbt it h bebeRte il REN et 0 e B ioB oDy AT PTG ong. Gemore
or D Za&ﬂes‘sldlrp@rme Whidk RUERyeRN ebdaEE fdrRtisR bf )Ae;hﬁ?@\é P e inl EblidCLhq
are nol ybdl c acid, 10 ammoni um nol ybdate, sodi um nol ybdate, potassium

mol ybdaltese! cagmen tvhen addadp vhaicatingdils dshigpridisressants asefuhiathaesinyiodiéinomef
salips, 1R SresenPHHEQHA o gi'sé" gﬁ'sXBgl% Cp% r%rﬁérgzgléﬁ%cm%kgm gﬁ%%%%gctlonal

nol ybdenum tri oxi de or r acl m conpoun
Anpng ghepsoiapdide b msqummg melizh qmﬁfcrlds tonb¢ héspesaposTpiclly, eficht Bisgersants

and woreds st AR aRieCS el RIRPRRReChist b Befined bk, Sten

gr oup @Mbﬁdgnﬁg}gx@ﬁp aTlke/dshlesy dibperaantdan\e, foaBganably Q&M&E&Yl{)m cﬁ?ﬂﬂﬁb@é $akts,
of from1 to 30 carbo a%%torrs preferabl)( 2 tg 12 carbon atons,
g 8

most pPEFiSr ABIRP-eofoEs | ampidesy iptidesp apd: oRasplingtoiof 1ot sain divripcpben érbsgwted
ar @5t hendhoahtaypl datioRGRE Qﬁ&%r%h%nd&? e RBENHTL bR HerBaBYR flonrfﬁschigr

or gano- nol ybdenum corrpounds useful i n the lubricating conposi ti
of "t hi §ydratashensotongr chairy dlipheticehydraeirhard draving crofysouing sioietispettacakd yirectly

t hose he n t r thereof wh rein the
mdepeﬁﬁ ntlé;l}{a{s)e| ]?hgé% ﬁ%ﬁgat% 8@?Cnnag¥oorg O t%ngaqéaﬂﬁ ‘llbc,sf@ﬁeted
nunber phénod:amtbcfomaiﬂdmhyddmdrpendﬂayldnb@ol@empmund sol ubl e or dispersible
inthe oil, nis fromlto 4, k varies from4 through 7, Qis

sel ect ed fr Broférheel disperpamd include qul}%hﬁ@et d@tvatgsdatpblyy apbaRMRd Sdispéthnts,
and ethers, and z 25 ranges

hol ph hi
7 Al oPetie R At fiisce mabTOl: ARl ROV NG B ATEBAE. JETEoIly

car bonpaliarel ShouliekedRFASAN dBHRA0 Rkl HolltcdbGRE QIRAIRITHRHP,
such as at | east 25, at |east 30, or at Iﬁggjs;? Bg%arbon at ons. ccmlc

f ol | owPPhydede saswrpIngr teagied oithy pelkailiens jastinesn ergodbdlyisobugidetiet Sur:emnmrdd,
ar e CO%&&&E{%Y%[\%%& atgggeﬂﬁ){)%{/@vg’ﬁnwéh/gfy%)aér&l%%%@??%? yé%ﬁar%lﬂi ©8
I\/bI yvapolgssyprepybang odiamire, Theinfetlyldawhingmathene; W hydroxy compound, e.g.,
209? / Ozgnq }Etgr{o ‘] Sg %Qr%{)glg‘gc?nosz%hereof. One particularly preferred dispersant combination is a
combination of (A) polyisobutylene substituted with succinic anhydride groups and reacted with

(B) a hydroxy compound, e.g., pentaerythritol; (C) a polyoxyalkylene polyamine, e.g.,
polyoxypropylene diamine, or (D) a polyalkylene diamine, e.g., polyethylene diamine and
tetraethylene pentamine using about 0.3 to about 2 moles of (B), (C) and/or (D) per mole of (A).

30  Another preferred dispersant combination comprises a combination of (A) polyisobutenyl

succinic anhydride with (B) a polyalkylene polyamine, e.g., tetracthylene pentamine, and (C) a
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al so exenplary of such additives and are comercially available from
Asahi Denka Kogyo K. K.: SAKURALUBETM 100, SAKURA-LUBE 165,

SAKURA- LUBE 300, SAKURA- LUBE 3100, SAKURA- LUBE 321, SAKURA-LUBE 474,
SAKURA- LUBEC 898/0768MKURA- LUBE 700, ampng ot hers. The fofFHRPHTH 3
al so exenplary of such friction nodifier additives and are 5
commercially available from Akzo Nobel Chem cals GwbH: Ketjen-OxTM

77TM KetjensOx 77T ot her.s u be Mol yEM.is al so

o s uchoRBRI Beholisn PR DLURr Rt HPU BB (UG ey G AR
Cor por afidridthylolaminonfthihe, R idBcrilePmas S aPdiént Nt B@BIs s known as | ube
oil flowinprovers (LOFI), |ower the mninmmtenperature at which the

fluid will fAnewMePrlagadf Q%l@ﬁ%é}férsa&@%ni}ﬂ%st Méﬁﬁcﬁ%s&@éﬂdeﬂﬁtﬁ@@‘z%ucts
Typi cal _of those additives that inprove the |ow tenperature fluidit

of the Gmanaay,aﬁhésmowtm RIPRAS Py confspeing AHT e dedle of @n@é‘ﬁ’éﬁ%ﬁéﬂ%@d
d<pol
andspoly, Q?Cﬂoi{)l}ﬁgﬁ%y/ ﬁﬁ?@ocwﬂﬁ r8b tcﬁ% b{s BRI G?Qa&Xn%O%oggzﬁ%cgﬁgféﬁé.,

of the olysil'o r exarrp I cone ol l
si | ox arfmnabdthed@mm pardbnaalpdlyde)pmdmbodeﬁxﬁeg s2amt>les of ;polygzﬂiqsftehuelq{,)tvlwrzeftnea as

and th f t itiv

or ovi adsioN frsrrapley AT et SAREEOS TRl MR AT Lorenilh producs
addi ti an drfudaatpohind pmctwecsmmtamfdedabat@lpzddrﬁm;bnér%tmnﬂm eSsu‘hEtﬁlﬁﬁﬁ@h the
is well known and neect? not be further el aborated herei & .

Exanpl denzsne gHrPoLl G ferRatied wHE 3 Gompg coptaRing éHcg? dRegmer substituted on a

bengot shaxat Snhydhab W 4 mhaePbiditar fothal RZ@1b8d in B1] Phighidde. 8| 4221398 EBxamples

conpounds, and the Iike. The follow ng is an exenplary corrosion

i nhi bi t@r@nqmah@dcmﬁmr@wmmd anlefin @plymety éynﬂmswgd |usthgsmetaBeceng getalyst

KCorrT I (V.1.) inprovers include
; M&Opof@r e doR% tﬁé ltcz{ﬁqiﬁ?&én{lﬁed Q{E‘?&‘

olefin mers, di sper copotyrners, ethylene a-olefin
copol yners oI opyl.ene, ~1-but
1- pent ene, \g?lg tdﬁggeli_s}ng ca be fler r(r)atytrga? S(Q))é/al['l& é)rt; cgngern%grl;lal pﬁgt dtreagnents
t her eofsuclsisylﬁcﬁﬁtﬁ)nd asag@efaylglrtmggenat @1$ (E’@t]aﬁ)ﬂ NoeBH37 98y ard 8, Zwbkfat Boration of
drlde C mers,,. and renes, and the |ike.
ot 15 SRt rﬁ%‘il]do?éc‘ﬁfgl”f/%‘f““% Y st aitnecin 3oy bRoee Eapiaing dfspersiRifh a
dl et hyofdnl do&Poend@RECH dsURE&SHLilE 85@n Hang: Sden hdil€ and Bfert 6 b?vh AAdY, $n an
an exenplary anti-foamant and is commercially avai | abl e from
Munzi ngmgut sifigientttpwsavideGarm asanTi/l Ns2bqy, 20 atomic IPrﬁPQl’H@nSpretl%‘?ﬁ for each

the ot 207 Pf sTled RuBEEERRRoNib, URELHRR AR Al Eorh dBhITh 200 2.0
gr Oup odanYeakegi, dignadsiut D& g0 abrhlt 6ewta % Won. The boron, Wthh appears in the product

¢ &0o0 RAPRTURA BT o b e Pty VIR BERE it Af o s ispersant

| ncr eas@ided avd siciasdds)asWidne sdlg] ed., fily metabbargelt dTethé @dﬁndeAdEbﬂanM%an be
which are effective in controlling this viscosity increase include

the | oRgriemRRdPIATd g Epmbabaat 91§r§‘éf‘|“6né} $-gefomabpalcioiabauta Vh “nidated ogthe
di car boxadh i0f 61 Higrofén BRRYAMHIEE a W& c&h Lh'ﬁfagre'f aEI?%OHE %Bfaf %Eda‘ﬂ? Rfa

the ashl ess 5di spersants ‘as hereinbefore disc
| ubri catirmyg i dhepass] nitoaen eompaind avd deatingnpithe stfringtes fmaboutréﬁﬁcowe@bout

addict i e L1 Yo ty, ded th LN an
am%ént Vl'?ﬁz%’ Z%ag)%ie t{hie’/’%)a ’d|f rlf%rﬁ%lg Xtr%in% gb lé?ggm PFesd FO%VG l%?' nitrogen
Repr esanippingy eAlérhatielyg bt bdon afea'sm&nh caddé tchcE&tedVMjeaidduﬁgeBbricnamd to a hot

g{ gtn Egaeiag; é\}gmbr I Cra ngj]&eeﬁiga?rg& ]E?Elglfgg%gl\}{vaé&ﬁl% lﬁlpgn@ew%% lrje%lsovliﬂgsxyvgcgr aét?ler 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

30 agent.” Conventionally, nitrogen-containing dispersants have been “capped” to reduce the
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TABLE 2 ADDI TI VEW % (Desirable)W % (Preferred) Overbased
Det er gent s0. 1-150. 2-9 Corrosion Inhibitor0.0-50.0-1.5 Anti-wear
agent s0. 1-60. 1-4 Dispersants0.1 - 100.1 - 5 Antioxidant0.0-50.01-3
Pour Poi ntWO3RWP8¥Ynt 0. 0-50. 01-1. 5 Anti f oani ng Agent 0. BCHEHSHB#235204 5
Friction Modifier0.0-50.0-1.5 Viscosity Index Inprover0.01-100.25-3
Base stockBal ance (i.e. -60-99.99)Balance (i.e. -80 to 99.99)
Fully fornmul ated passenger car diesel engine lubricating oil (PCDO),
conposiafyeseselifict swh dsresants hang entthe Huproglpepmpr gngies tealy. shipmerpus capping
conten I 4 I tsh

" 5 s E g S0RbuR polli MorRh ePhe. A LA SR balleriasi
about @ispbrsavt .anfiho groupy tof mmalipisic, moibiesNo.gc Ianud)d at inbifle gromps)tdnerrfosﬂ Juytable.
formul ated P oi L _of |ubricat Vi.S Ius addit i
w1 ba R etk moddnpsRnhR bRt B LBl WL s
gr eat enEARRNs E6scribed, ifyr dxampie| ated. Pmo@m 8?%07[1!; 8380071, AN@N5TR675. The
preferably haye no greater than 1200 of phosgﬂ % such as no
gr eat ercacHeth of B EFACETABHESHIRSFHEL g to BiIcqicihisdeseibah i8oexappis: o U-S.

phosphaiiea: Noul3, dgsi7@amuirad echcR &p?odﬁt:t bhe ﬁf@é&ﬁéon’td%ﬁ@%éﬁ@mam and other
preferably have a sul fated ash content of about %

or | essuitable cappigl aggnts arendaseriteed lhégSyPa!@tt)NQi |4e,5§é106é rﬁ@lbfmw(qqlﬂmw S. Patent
| ubric ven e

R e R s o U

10 carbonates, e.g., ethylene carbonate), U.S. Patent No. 5, 328 622 (mono epoxide); U.S. Patent

No. 5,026,495; U.S. Patent Nos. 5,085,788, 5,259,906, 5,407,591 (poly (e.g., bis)-epoxides); and

U.S. Patent No. 4,686,054 (maleic anhydride or succinic anhydride). The foregoing list is not

exhaustive, and other methods of capping nitrogen-containing dispersants are known to those

skilled in the art.

15 For adequate piston deposit control, a nitrogen-containing dispersant can be added in an
amount providing the lubricating oil composition with from about 0.03 wt. % to about 0.15 wt.

%, preferably from about 0.07 to about 0.12 wt. %, of nitrogen.

Metal-containing or ash-forming detergents function both as detergents to reduce or

remove deposits and as acid neutralizers or rust inhibitors, thereby reducing wear and corrosion

20  and extending engine life. Detergents generally comprise a polar head with a long hydrophobic
tail, with the polar head comprising a metal salt of an acidic organic compound. The salts can
contain a substantially stoichiometric amount of the metal, in which case they are usually
described as normal or neutral salts, and would typically have a total base number or TBN (as

can be measured by ASTM D2896) of from 0 to 80. A large amount of a metal base can be

25  incorporated by reacting excess metal compound (e.g., an oxide or hydroxide) with an acidic gas
(e.g., carbon dioxide). The resulting overbased detergent comprises neutralized detergent as the

outer layer of a metal base (e.g. carbonate) micelle. Such overbased detergents can have a TBN

of 150 or greater and typically will have a TBN of from 250 to 450 or more.

Detergents that can be used include oil-soluble neutral and overbased sulfonates,

30  phenates, sulfurized phenates, thiophosphonates, salicylates, naphthenates, and other oil-soluble
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WO 2009/ 076091PCT/ US2008/ 085204 about 0.6 w. % nore preferably |ess
than about 0,4 wt. % such as |less than about 0.15 wt. % Preferably,
the Noack volatility of the fully fornmulated HDD | ubricating oil
conposi ti JHOEYPPTB | ubri cating viscosity plus all addFFT’yég))S/%ﬂol“ be
no greater than 20, such as no greater than 15, preferably no greater
than 12. Fully formul ated HDD | ubricating oil conpositions of the

pr esent [ t i ef er. av 0 eater than 1600 m_of .
PhospncPirePER R 8 Rl iarl B Ml Bo et SO bcs BRNE myipssiom,
gr eat erlithinan GROGnppnd ohagesiamhor Tise. nkdst | prinounipulBed dndthl® drebedldani agl
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ash ( SASHPCYYH; wﬁ a?nh%%ﬁéf PEESRt i detepagypis P%égr} aﬂ@ﬂﬁéy, g rpxtres gf calcium

al t houghdnRetmamsaihi #th doQiudl ePBFEulRE nvERER AU dedfenRNEe NuRhiesnd
10 conprising additives (concentrates sonetines being referred to as

addidt i vvepbasaagiedym wpldenstsy howips (TN afidiom 30t ¢¥hTBY, arfteentral and overbased
simult I t id, . i i i ity
concentPat phelofte B8 Siduild SRRTRL BRhETEACBE KO S o D St e ot
t he pr ektengenispnwhethérarverbased dor aeutest anjpdtk, cacbatisdn from about 0.1 to
about 16 wt. % of al kyl ated-1, 3-benzenedi am ne of the present

i nventi on; &otfobatdsOcanobea ipoaphredOfrovh. subfonit aidsi whiohyeune cypidatly ndbtgined by the
di spersapt; .abo 0 15 about 20.wt. % of an am nic, antioxi dant

and/ or S&%’W@%I ﬁL’Jff; aﬁ(ﬁi iSBE’lﬁ?’a’e?f?,ar%m%}A@ QB%Pﬁr‘éoﬂﬁg]u?ﬁjfhoé? obtappsgk 35031 the
t haoeoffracl®@ition Df petrdlGutitor BYo1RE abkyliibe 108 @ftimatia N dfdcBbAN OBkardpléLincluded
about 20 wt. % of a netal dihydrocarbyl dithiophosphate.

The
final dbepsadtangrbycalkylavig bynzprcoielgencoxgsnaynapubalprice imhemilyorstheip halggen
WL % denPitBRE byeh R chRrdieni¥ne, HlorBlonde ?a&@&ﬁ%k{;ﬁ%ﬂ%ieng.h %Thé ﬁf@laﬂgﬁ Ban be
being oil of lubricating viscosity and viscosit nmodi f1er:

Al | weipgtormrskindhg preesupe ebs eafalyssrvaiinalkylatirgsagents heving fom atduthtectpreghan

based ive ingredi ent (A content of the addit] nd/ upon
PheCt ot ftidey okf0 B kol eohaSOMER Shiak Fofiibobl §rio P ot o
be 15he catbon afonish preferably Weinpdtouni6 wadbutsidiatbovietdrhd) pert A1yl webstifitedddromatic
total oil. or diluent. 25In addition to |ubricants,

al kyl at®YY; 3- benzenedi ani nes of the present invention nay be used

with el ectrqpic . chen cal ur et hapes, crop protection, . ) )
phar maceut i 81‘51,35911 a?)gé‘eaﬁﬁ‘gfo{lﬁ?ﬁe% alkagih 5_2‘59@}’3 e oeepchy B@é@_be?%%ﬁzowdes,
Exanpl g dfexaiep)| AkdxidesReABERAIAE ALY YIAE! RS %yér‘oﬁﬁﬁ&%[‘%%a@@ BGraW¥s! Bnd
cvcl ohexanone A 2000 ni bottont out reaction kettle flask was
fitted ollierrofdhe moial hBameunt pEmetahcanhenun dsothoben, haging regand tortbgdesired TBN

i nl,gt . ' : - zepedi anm ne, . 800
t o Py B e B POBIAE Mt R o 10 s AEEE O Ol Pt 25
gl aci al% pafahat ctoanhimhnet:Sexdly wequired.acet oxybor ohydri de, 160.0 g, was added
over 3.5 hours, as the reaction was heated from38C to 65C. The
reacti on waMetsli saiedofitph&rn(s fand shlfurizdh @heAC taked proyasede sl r@ediRd With han
320 g 25% aﬂ eous .sodi u\r}%@/d oxi de, . and washed three tines with

: %

wat er . B gl cOmRg a5 3p grifte sy A eroxide ok RpufrRler O vsEPaged pradys

sol i d, cuhibeobiised' BE bdoah MeliekhdwiPM i SOPSARANRH fHendls \&n bi %gépared by
brown crystals, np 84-86C. The product crystals contained N, N3-
25 redcting 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,

30  molybdenum, manganese, nickel or copper. The zinc salts are most commonly used in
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di cycl ohexyl- 1, 3- benzenedi am ne. NVR: 37.93 t, J = (1H),
6.95 dd, .11 = 7.8 Hz, .12 = 2.3 Hz, (2H), 5.83 t, J Hz (1H),
3.42 hr s (2H, exchangeable with CD30D), 3.20 m (2H), 2.1-1.1 (20H).
13C NVR SVQa¥98091130. 24, 103.03, 128.704, 51.92, 33. BET/USH0SBE5204
25.35. 15 Exanple 2 - Catal ytic Hydrogenation of 1, 3-Benzenedi am ne
wi t h cycl ohexanone A 1L stainless steel autoclave was char ged
with 108.1 g 1, 3-benzenedi am ne, 294.0 %)Cl ohexanone, and 2.0
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NI, N3- dIC cl ohex benz s reacted fu .
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d fil
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purlfledb cyumdi stillation ior.to,
2009/ O%ff@{ﬁ’é%f l’é@“ﬁ)ﬂg‘? ERERRYAd %(g‘gﬂlﬂémilzano@éf’%ﬁuﬁ?l c Hydr ogenatl on of

L St ai ni v DS PRMFiTeR o g Sovatb s BasRR o sl i gplpats Of diydrocarby

NI, N3- diitBioph ﬁéﬂﬂcﬂ-aclds?’andb@ﬂzc% ls@ Bin Q1id118A GhithRphSEpkattd. €TRE BRR3ENE hv@ftion
descri bedy)?n ampl e 59.5 Pr@glut ral delﬁ}gde and(;jgp 5 an adg]?tl onal

2.0 g e ea@ﬂw@@éww I gibep |ua@dWﬁ FEPSEREAT oA digped ongiaadueiipant, compesitions
tqcl R 99

Foadti ol T 60 W Ao dogd 00278 0 193 e, Blop  HoRORy 0 o

hours. abbie WNLQ N3- &4, oy drahesyt- A0%-toliabortyL08L v3- Ve hasdedi dwi total meess tofighe
h t t. t ed, bel . NVR. 8 6.68

5 30 oropopiih ahERAL By SRt shnosfnt cbishing i abris s

\(M t rljl) adﬁéﬂ)nCEBﬁDI) 0220 3b6ouit,0.16 wt. Pb,/sucl a§ dohl) aboat (.05 13 Gbdr 0148xt1 %2 or from
24H)

7.8 Hz
= 2.2

. 96 J
a%out 0.68 to about 0.12 wt. %, based on the total mass of the composition. In one preferred
20  embodiment, lubricating oil compositions of the present invention contain zinc dialkyl
dithiophosphate derived predominantly (e.g., over 50 mol. %, such as over 60 mol. %) from

secondary alcohols.

The following are exemplary of such antiwear additives and are commercially available
from the Lubrizol Corp.: Lubrizol 677A, Lubrizol 1095, Lubrizol 1097, Lubrizol 1360, Lubrizol
25 1395, Lubrizol 5139, and Lubrizol 5604, among others; and from Ciba-Geigy: Irgalube 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 Ci,

30  alkyl side chains, calcium nonylphenol sulfide, oil soluble phenates and sulfurized phenates,
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= 7.2 Hz (611). I13C NVR 8 144.0, 130.6, 115.2, 96.3, 52.4, 34.1,
31.9, 30.5, 26.4, 25.3, 23.1, 14.4, Exanple 5 - Catalytic

Hydr ogenation of NI, N3-di cycl ohexyl-1, 3-benzenedi am ne_produced b
Exanpl e 2 WAZ¥GOPIN ¢ of NI,hB-dicyclohexyl-l,3-benzen8§?@'(ﬂgm524
prepared as described in Exanple 2 were added 151.4 g

| sobutyral dehyde, and 2.0 g wet (as received) sulfided platinumon

carbon cat al .. The aut.ocl ave was pressurized with 4,578 KPa, (650 .
psi g) O%P;ﬂg‘%‘é’ﬁ?‘{] PhatRaed B A Bi SPEIPIOE S SHEY GIET TSGR LR o
reacti QpuBRS8oppRs c6RARbEMs 3Rdddstlibr 8d U TheateRsNb! 4BE7I8b0UbSH Wassybdenum-
separated, and the aqueous phase was discarded. Volatiles were

r enov e ¢OREIHIAG ¢pIPRONdSy gani ¢ phase to yield 361 g of a viscous brown

l'i quid, which solidified on standi ng. . Recrystallization from
ethyl acet aflapiselonil sdeblapronitic anince hpiegivideast iy Gomatcgroupsmtiaphed dgpectly
3M.2§/ 01; é&}ﬂoné\@fn%ecﬁﬁhgﬁe&gahﬁ frgfndé to® POUIN I doris P ez SREM AT REntad BAE than
NI, N3- divo yednadiiexgpdupd - iCoatpotiadsyhbvingiasotalivfydt ldasGthirerz@n@ti goupsein vdgch two
determ ned by GC/ MS. .. Th

N, N3 (RGeS FEo RS by Ui bond b B 2B AW SR (Rl PP RO sulfur
purifi eglYor 2T0-f e, 0RARIKYchS ghyugThrnEtvwonart Airt@llytaciiedrtadne A nitrogen,
wor kup wit h aqueous sodi umthiosulfate, the product was taken, up_ i

: um t. . . .up. in
hexanedte Fipe consisigirdtarqpalicsmias Ay ing At Aestdmet By RaRFows atiashed dirgedly to the
Wit 19 X i : ETERY

) VS A Sy o o i B o
3. 15 widkylaydedkgDakoyy, apy1eg, doylkeyAmnasdaydraxysjend Ritro-gtoups( 22H) , 0. 91
d, J= 6.6 Hz 30(1211). WD 2009/ 076091PCT/ US2008/ 085204 13C NVR
8144.0, 133.Mgyltiple4aritjox@BnB, ars2cotmmdily 7em@ldyetl irPo@bi@atiors, B5o8¢ mderred

3 o, ARG SRR e] YRR R0S e,
g of NipehiZnddiemaledoampyindls)ddendeitdioadd stpidpal dskoay Hesasd, batain from
Exalrsrpl eabou’c 0.1 to about 1.2 wt. % of aminic antioxidant and from about 0.1 to about 3 wt. % of
phenolic antioxidant. In another preferred embodiment, lubricating oil compositions of the
present invention contain from about 0.1 to about 1.2 wt. % of aminic antioxidant, from about
0.1 to about 3 wt. % of phenolic antioxidant and a molybdenum compound in an amount
providing the lubricating oil composition from about 10 to about 1000 ppm of molybdenum.
20  Preferably, lubricating oil compositions useful in the practice of the present invention,
particularly lubricating oil compositions useful in the practice of the present invention that are
required to contain no greater than 1200 ppm of phosphorus, contain ashless antioxidants other
than benzenediamines, in an amount of from about 0.1 to about 5 wt. %, preferably from about
0.3 wt. % to about 4 wt. %, more preferably from about 0.5 wt. % to about 3 wt. %. Where the

25  phosphorus content is required to be lower, the amount of ashless antioxidant other than

benzenediamine will preferably 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

30 PANA, Naugalube 403, Naugalube 410, and Naugalube 420; and from Ciba-Geigy: Irganox™ L
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2 were added 59.5 g butyral dehyde, and 2.0 g wet (as received)

sul fided plati numon carbon catal yst. The autocl ave was pressurized
wth 4,647 KPa (660 psig) of hydrogen. The reaction was heated to
180C over YORYINLYLnd held at for 180C 17 hours. The PERUPTOHI%HE S
was cooled and filtered, and volatiles were renoved by rotary
evapor ati on. The reaction mass was 10 contained and the

l.ohexyl-4-hbutyl-1, 3-benzenedi am_ne was j sol at ed, col.um
Chr ommit b GRARIG Latt- of 1€ B3 g, P BB BB s Penc] S igRanipdit are
char actc@ihgfetédzlagy am@glﬁb eﬁ’orﬁ)@r@iﬂp’coia"t atl&g?}s%hgdrd‘ﬁ BHAT 8Ahg0x(1ciéﬂ ,4(3) g &l
r s m
(4H) Nagga_lulze p3homy frgn s%lza Qelgy gganozT% ll(mngﬁnoxm A3, gygwx&mliinqnd
sharp %Ah Ie 7 - Catalytic Hydrogenation of
3 d| met hyl butyl) -1, 3- benzenedi am ne produced by Exanple 3

A 1 st a| nl
A a3 1 SSpcBlB Uk Re SNBSS BB bl coraymrs
prepar e clsyletesand Ipeghylene, Egczimnbthaﬁyla&é, ﬁleglamsztdwtcypcdyrderb,yd@olymbréa(b(ﬁ an

mL of toluene.and . an addi fecei v
ol at 1 nEd ARGt RERd e Sra ol st Dol eGP ko st s cxrs
KPa (6%8d pgagjallof Hwehrg@gaaéu togolyaast idIn stpsndligadrett, t QridRGueMRhe4 and
hours, ;and held at for 180C 17 hours. The reactjon nmass vvas cool ed
and fi isopreag/PuRARnGorsaivelleds Hher pariiglio budrogsnated: Bemonalups £ Wadiengeand
|d 5%% ct m xture contai ned 74% of the desired
25 t ﬁ dhget hyl butyl) -4, 6-di i sobutyl - 18609} benzenegl am ne. The next
m)s abu
N B (13 ) PSR EReD noWg RisHEEaf MncBbnd NS 9 vischitPindor improver and o
has t he dbpersaot eEx@nplcs of ejsorditydnded myprovet - leVRantsancﬁ@iesreeaid)n préd@gsof
coaob) 519 g A b sigipThds b o ey 4 A THERE PR Sfiiongia in
1 18 d,whi%h ﬁ;eOh}lgz%o(aﬁiyl) ,sulﬁ?silﬁﬁnﬂ corﬂpns@s Q dﬂam( GH);ufﬁQieﬂQledgtthe ifpBrt Hdscosity
IR 3434 cm | shar
5%/ 0 7R5t58 1 I5RPFPYIBR URPSHRS2 894 tie &ﬁp@nés bhtgaml; ey PR nines%o Ampgover
NI N3- (GlsparsshitERh Bylf&tgxxﬂa})rela 3019&&2@@@4@ épﬁnsaﬁlwéﬂlé‘s?éi' obym@%@émbﬁor% Cs

A 1L stal nl ess steel autoclave was char ge
NI, N3- (a4 (3e an-%trﬁ?ct pngicyrbexdic mzrenébu tarﬁméhqaémyh@m%mﬂmneunsaturated

o oP2" SR ASRERAS BPAATELS 30 Sl BB PO, ARG, o

pI at i namuosatwaieth €3 te Bijahyrsk or Eﬂoarbaxbtlmcak:ai\mumlszeﬂ methsanranvieg) hydroky iy &

650 ps of dr oge The ti eated to C over. 4
noans 3R afiShel oVt 5B WG o Fhe R En AT Ratsed SRS bR Mt  Co
and fi lté eppshsanfedifiraddn RatanRiEmbRBMEHerBYh 61082 AR UhsdnhaRd adiB@nto
liquid pr oduct m xture cont ai ned 72% of the desired

NL, N3- ((116 Bolgmek PRGKbBRE $1d thengrepgtingtsarboxylic Beid Aspensi enthp erafiedeacitbxtith an

most abpRdanlardOr aaReNE e Present at 6% (GC). This
N1, N3- (1 32di nethyl buty1) -4, 6-di butyl-1, 3-

Friction modifiers and fuel economy agents that are compatible with the other ingredients

25  of the final oil can also be included. Examples of such materials include glyceryl monoesters of
higher fatty acids, for example, glyceryl mono-oleate; esters of long chain polycarboxylic acids
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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benzenedi am ne compound has the characteristics reported bel ow
11-INVR 86.68 s (I H), 6.00s (1H), 3.72 m(2H), 3.35 br (2H,
exchangeable with CD30D), 2.52 m (41-1), 1.94 m(2H), 1.72 m 4H%,

1. 58 m(4HWOR0ATeNY o) 1.36 d, J= 6.3 Hz (6H), 1.13 HFT’Pi%Oﬁé".’SS ¥R
3435 eirilm (N-H). Exanple 9 - Catal ytic Hydrogenation of

N, | T-di cycl ohexyl -1, 3- benzenedi am ne pr oduced by Exanple 2 with
benzal dehyde A 1L stai nI ss steel (gcl ave was (irw ed with
65. 0 g of  NOteS. Eouc Tstign yodifiess coapseen@lisdHblR STsaBIAGIgM AR Sgppounds.

prepar %cﬁ%réiﬁ§%dl§’t§‘dénﬁrﬂ fﬁ&@dmlngdﬁerﬂa?s&pﬁvﬁ@ RERLG@RY 881 andHtar relits Bfa

tol uene and an additional 2.0 g wet (as received) sulfided platinum
on car dnlpmaanguoyls@ompmmoaut Ex,qu:}@s m&guofbr et solubleeergpiormolybdengmk pampands

R R S R L e S R

vol &t i |saHidegr anal et v Bkle, bynd aheau;tee\/th@emfat [ Bzm:cﬂlhtéy porefdured amasmolybdenum

recryst llz from4: 1. th ace iel.d bei ge

cryst aI‘gtlh ?tei?&%‘y]lq*ﬂ? afNPp d‘%{@ h%ﬁ cﬁal%yl%noxan&a%

25di benzyl-1, 3- benzenedi am as the characteristics
reported bel jtiona 66“702( ng‘f-'i?p‘)“@ 78n e gypacidye B’@i ?a?ri‘ﬁ) compeE.
(4H), 3rRsdéo l\xg)({u%his wﬁl(f?elaé’t' \9@@9%@81&%&1@ o&PRMound ad HeMuled by ASTH- t3st®-664
(20H). 13C N 6 145.39, 141.16, 128.74, 128.73, 126.30, 113.22

96. 21, ®1D$B963@ration mecefiore zed 2 typically xayatentzsueluded e raglupdic acid,
(N 9 P i

(01, RSB ERORAP G A0BABEZ0 SN S A, AN Bt mec
pr oduc edolbbd@saamﬂ loghed nwilytuetnan zallsgelgy digdrogen sodivn ol atenMe©€ s tvik),Br,

b oo on MBI T HoBRE oid r S pei Sl OB " L & 5

79.5 g benza , nL of tol,uene and,an addi.t.io

(as recei ved%mg?ﬁ/a]edlgﬂg'ggﬂ’tuf’h EOFPRADES PES @a@ﬁl%‘??tpomﬁ‘?f@ gtju?“bsdné{%gm%aage

pr essurdrg@fd-mbllyBdehu/ & nkfoand S0P ForehulLf MayRIOCEHH andl Ve (RSGSH), smlem R is

heated to 180C over 0.6 hours, and held at for_180C 6 hqurs,

realdt | oW NHEENG SBTURPelsRgd riramp dhe grovnrrentising pf alkyluerd. F@Hﬂbe@@dtﬁlkoxyalkﬂ

[ gt ;llr Y £¥aRAy 3k g@@a} g(bgno gm@& GlonfiBBrchGRlY 9t @I 2l ZRhnf £, | DARIAP BRA/rably
, N3- (k- ofi RetchyiPbearlyon) atbn6- diliseerially- pregerrefioatse theediely Withipearbamates of

corrpound lhggentugle characteristics reported bel ow

Another group of organo-molybdenum compounds useful in the lubricating compositions

20  of this invention are trinuclear molybdenum compounds, especially those of the formula
Mo3S;LyQ; and mixtures thereof wherein the I are independently selected ligands having organo
groups with a sufficient number of carbon atoms to render the compound soluble or dispersible

in the oil, n is from 1 to 4, k varies from 4 through 7, Q is selected from the group of neutral
electron donating compounds such as water, amines, alcohols, phosphines, and ethers, and z

25  ranges from 0 to 5 and includes non-stoichiometric values. At least 21 total carbon atoms should
be present among all the ligand organo groups, such as at least 25, at least 30, or at least 35

carbon atoms.

The following are exemplary of molybdenum friction modifier additives and are
commercially available from R. T. Vanderbilt Company, Inc.: Molyvan™ A, Molyvan L,
30 Molyvan 807, Molyvan 856B, Molyvan 822, Molyvan 855, among others. The following are
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1H NMR 37.12 m (10H), 6.77s (1H), 5.98 s (1H), 3.79 s (4H), 3.40 m
(2H, occurs at 3.15 with added CD30D) 3.15 br (2H, exchangeabl e wth
CD30D), 1.4-0, 10H), 1.01 d, J=6.0 Hz (6H), 0.82 d, J=

(6H)., O. ?@08009@&60%1 3 Hz (6H). 13C NVR 8 fﬁ?/Uﬁm"WﬁZ“é
134.0, 128.72, 128.71, 126.3, 112.8, 95.3, 47.1, 46.6, 38.0, 25.1,
23.2, 1522.9, 21.5. IR 3419m (N-H). Exanple 11 - Catal ytic

drogenati on | uenedi am ne der ved ound
?ty ai n?eaé%o %?@B%Yaﬁﬁ%eh %‘sf’gﬁ‘{ﬁéén s cgRgetial 9@%& ong AsahiJesmke Kaa&mﬁé K.:
294 g cysgkoRexpoBEey 1601 AKORA- N@BE(@ S@G@RA@D}BE%()'MURA%UBE@WG
car bon cat al yst. The aut ocl ave 20 wa pressurized with 5090 KPa (72

psi g) otARUBACHERE e S%%HRMUMS4%&@‘€UR6 LEBE 609 W&AiUﬁﬁdm
reacti % SR TR RIRHAN el lid EXibia P L Bl omBE: LEARE dnRhre

rotary evaporation a viscous (
contdai rMongnercialdie aMllaNt}r ﬂomyAkzm é&o}vél- @hemne&lhmebHBl@qm On®di7aM, riéetjeﬁg%

desire oduct b Add atiles wer by..a vac
stri p ?Jgﬁat%% €a Cl,qauf% #80101‘3[},8}(@ B ?JS"zﬂ‘e‘@P‘éfYof ﬂ addifives “and 15

, N3- ohoﬁmedrahwwbﬂéble%ﬁmﬂfeyﬁmla&m azgnedi am ne. _Next, 71.59
of t he above NI, N3-di cycl ohexyl-4-nethyl -1, 3-benzenedi am ne was

charged to d’ohi'- pSihatEr@smt S totirwRb kasWA e I@e%gﬂwtlﬂlpfiﬂ/eﬁ (LOFI), lower the
|sobutylaldehyde 300 nmL toluene and 2.0 g wet (as received ul fided

pl at | NURERUIR APTRRRTAtNES | Whigh thph@néw%éloaw Gaisbepp@seryr Puchicp ttvns arezvg@l
KP 6 0 v

ok ol Bhp SSRGS ol SRENR, 167 Rt Mid S ftid are,
filteréddCiadadlkybFfudrateying pectate nvpnéyindw andtm)i)ynetmylates Foam control can be

00 A R T ok i ot

r epor t etloxane T Al egarnple of a pourfivintCleprdesamio g@l@ﬁleﬂ\l@&ymﬂ’ hhd @6 1Ry,
chrorrat ography on alumna with 98:2 hexanes:alumna to isolate

, N3- di cyclsohexaflthd abs@buitntibnbd aeditiyds- chn%r@ﬁﬁ@@'hﬂdhplﬁﬂﬂﬁ'rtﬂ' Bre6t9;, DAY o
haV| ng the characteristics reported below This material conpri sed

380%0f TABPE, fdinelealditysncan adt ¢F @ Pspersent-ayiggien ighibiterq This ppproad mowel

(1H) Qmaémtaﬁdﬁééd,no%éhn{ﬁ%%o%e&%&& nge, and the other 2H occur as
3.15 if, J1 = 9.9 22d, S=7.2H (2 H, 2.01s

(3H), 2.1-1. E@(al(n%}%; 13} corpos%% 1gh1b1.10rs nzch?de%fg@wm%%gg %e?%@gaz%&ell@ly%ggzoie

144. 26, 132.7 14. 3,
23.1, 'thidiazole-, and 1m1dazole based compounds, and the like. The following is an exemplary

corrosion inhibitors and is commercially available from King Industries, Inc.: K-Corr™ 100A2.

20 Examples of viscosity index (V.1.) improvers include olefin copolymers, dispersant olefin
copolymers, ethylene-a-olefin copolymers wherein the o-olefin may be propylene, 1-butene, or
l-pentene, or the hydrides thereof, polyisobutylenes or the hydrides thereof, styrene-diene

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

25 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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20.9, 16.8, 14.3. IR 3426 cnil (m. Fromthe sanme chromat ography was
al so isolated N, N3-dicycl ohexyl - N1-i sobutyl-4-

15i sobut yl- 6-net hyl - 1, 3- benzenedi am ne conpound havi ng_t he

char act er V€@ 200%08¥r t ed bel ow. This naterial conpri sedP¢EISHPS Y4
reaction m xture by GC NVR 8 6.77 s (111), 6.44 s (1H), 3.24 br
(211; with CD30OD 1H exchanges, and the other 1H occur as 3.16 tt, Jl
=10, J2. =4 Hz), 2.76 d, J = 7.2 Hz (2.H, 160 nm(%ga 2.25 d, J =
7.2 He, subably low vispgsity in the pre-ylensine stagegit bes bpen: opsepvadythitgigme gpmppsitjons
J = 7. ZnerkBdin withsty MM s%rétﬂ@oﬁ%vololﬂégd Periddd3: Additieds Which2hte bffective in
107.44, 62.9, 53.9, 52.4, 40.7, 33.8, 30.0 28.3, 26.63, 26.58, 25.2,
23. 2, 2ontollingthds visdRsitBine@assriotludenthe ldgahpindydcarbansdlyatiopalized by reaction
Hydr ogenation of 4-1 0ol uenedi ap n FhV 5

of 't he R Bt el S G VOB R TR U gilon cf sl
Exasgpl elisbtrsums achaéigedoredisglodéd. st ai nl ess steel autoclave along with
79.5 g b' enzal dehyde, 300 ni tol uene and an additional 2.0 g wet (as
recei ved) Zlelérﬂl@Ldriwti&g :cﬁm&bs(iﬁoﬁsaddﬁﬁﬁl; eaetf adhmgte. ofTthe aaﬂwaambﬁmwvaaditives,
pressurized with 3,375 Pa (536 psi.g) of .hydrogen, The reaction was
heat ed e¢) g8 OipcyPipally Ealaaﬁi%d, ini e Ot in AECRANGH T BHES tpp BAdIENe to

react i QpoWas its Aekird &Adtidnl | RS;%I@QntaﬁOQ eHedtalndugs ¥efuRh r@aMIVeS Wik¥n used in
rotary ‘evaporation to yield .4 red liquid

of ui d.
NI, N3- diranjkedseHeleicants, arg distsd helppe 62Héhmyalue§, Iptageaio stgtedias rivaight PeiepyAsHvE
coggriiggj%%%%of the reaction mxture by GC. WO
2009/ 0 § / US2008/ 085204 TECST data for the r ting reaction

esul
m xt ure—+s—t+eported—t+n—Tabte 55— tFNWR =37 24 mM(5t1) 664 s (1id);
6.02 s (IH), 5.78 s (2H), 3.26 if, %QE%O,BZ = Z Hz)(114), 3.\18 t{,
?%H)' DTy 0% (1H), 3.0 br (2H yexchanggsw th CO3R), pasli s
' “Overbased Detergents 0.1-15 0.2-9

Corrosion Inhibitor 0.0-5 0.0-1.5

Anti-wear agents 0.1-6 0.1-4

Dispersants 0.1-10 0.1-5

Antioxidant 0.0-5 0.01-3

Pour Point Depressant 0.0-5 0.01-1.5

Antifoaming Agent 0.0-5 0.001-0.15

Friction Modifier 0.0-5 0.0-1.5

Viscosity Index Improver 0.01-10 0.25-3

Base stock Balance (i.e. ~60-99.99) Balance (i.e. ~80 to0 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. %.

15  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

20  (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



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, 26.4, 26.3,
25.3, 24.9, 16.8. IR 3417 cml (m. Conparative Exarrple A A 100 L
3-neck flAER2M8L7% ted with an overhead stirrer, a t hBERYSHOHIE204and
a 10 nitrogen inlet. The flask was charged with 2.10 g of

, N3-di cycl ohexyl- 1, 3- benzenedi am ne prepared as described in
Exarrple 1, 18 niL tetrahydrofuran 9 mL xylenes, and 1.4 nL
i sobut \PPadhh Jie/s, mAE nﬁ&famyéew:;harhww 4tvg. K encins lessdhagrabout 0.15 wt. %.
tri acetpxuler yoméq{léagﬁ ’vol%uﬁgr & thé"?rﬁlg 2t2y BT ubriBRHeShi1 o’éllﬁgni 6061 of
reaction was 'Stirre mnutes. The reaction Was owar me
and an lahtitiating Wacosmy Pussabdadditives) wilkbory lgoraten yitmi 20e Swé)sasadﬁgrdatefl' then 15,

i C ddi.t
| Sonut FReaRlR G AR B KRS bR BT uB0RA s R Sorlacidls of teguent
and 5t hénveadoi pmﬂsriﬂﬂﬁ haitel ror geébtérahar01 600 ppmldfpho§hetis Oshchas nd Qﬂé@t’@r ﬂhﬁn 1400
xyI enes, d with aqueous so |§§n hydr oxi de, and wash

Wi th waPBr ;o gg?%? S anRs 0P eqﬁ%%dt &y BBoPEeTSN NInyO@rnala?d%D&
dark bngyMas @ﬂad& oﬁhbns J@ﬁlegérlaseﬂﬁﬁlv%ﬁﬁ ”g&%b%plﬂa@“a %{JHEEJ‘%SHN?K‘SH)
hexanes. 20N (1H), 4s (1H), 240 d, J = 14),
3. 38 mcpyien) OfahmBSW%eIIeSSHz (4H), 1.94 apparent septet, J= 6.9 Hz

(51 15 Ry By g 59

21.106. cbRpridingladdisesst (caceBd06: smedtimeR %mgaefasrrad it anaddititexpuckdges) whaels,
5 Co MRA at | v

o BRT R TSR e e Stnulibens’ S S a o ibe isning 9 somapsiion

t O t er tA asncentidid €5 thd PRP&rath@s oNP hidrikthmt dlDbeﬂéosIthbﬁ JFeRZA8&nt hvention can,
Conpar ative Exanple A Conparative Exanmp 250 nmL 3-neck flask

was fi fPlekamPie C%a’é?\féfr’ﬁéh‘é}“éﬂ for ghout b6 Meﬁrﬁf@@i}’éﬁt@i 1,3rhgnzgnediamine of the

present invention; about 10 to about 40 wt. % of a nitrogen-containing dispersant; about 2 to

15 about 20 wt. % of an aminic antioxidant and/or a phenolic antioxidant, a molybdenum
compound, or a mixture thereof; about 5 to 40 wt. % of a detergent; and from about 2 to about 20
wt. % of a metal dihydrocarbyl dithiophosphate.

The final composition can employ from 5 to 25 wt. %, preferably 5 to 18 wt. %, typically
10 to 15 wt. %, of the concentrate, the remainder being oil of lubricating viscosity and viscosity

20 modifier.

All weight percents expressed herein (unless otherwise indicated) are based on active
ingredient (A.L) content of the additive, and/or upon the total weight of any additive-package, or
formulation which will be the sum of the A.I. weight of each additive plus the weight of total oil
or diluent.

25 In addition to lubricants, alkylated-1,3-benzenediamines of the present invention may be

used with electronic chemicals, urethanes, crop protection, pharmaceuticals, dyes and toners.
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evapor &EHxagnld 10— Redictiv® ABS14dioh 00 Wi Bdhzaieddginewith cyldicheradonwas

chromat ograph on alumna with 98:2 hexanestethyl acetate.
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27.69, 26.66, 26.33, 22.92, 1436, |R_ N-Fl absent at_3400 cnr . .
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secondary amnes to terytl ary amTies. There was no al kylation of the _
benzendirdm 38Cpaé ECL VEheBxautioh evaB stifzdatpd €€ 062 21 ThElreaction @b dxirdctad with

Engine Q.1 Sipul ati on Test { TEQST) The. enqi oi l formulation i
the {esll &b RESHE PERPRLS OBy il imdy W Pt SRR, s
avai | abkgovelihBy eotady ROapedtionCisl field 0641 § QlatloBola) Whieh twagerearystaltized tirom
conposition of the materials in the cgnt 3((# t he rese%}t inv.en# INQ[P\I3
Thd Oex dfRIFeRapok ©sgive Jerh ran Ghystals, 400 1‘185 -or R PERdE @ Sp oPraigeg NN
om tti r&ﬂcg/%@he&ﬁfl@ba{z&%d%ﬁiﬂe.t ypi cal commercial additives as

descri bed above. "The significant reduction in deposits that results
fromth es of ygl b edi_ahRe, AC LN t =
pract i cgngﬁﬂ?hls Z'Q?E’ngn?igglﬁ% b@ég'gggﬁ’gonﬂ;% r'ljgl %glznbgzs}?)(r’)gtggg’éS:Zianz
an engi(hH),3.42 fror(PH] etchapeiie wite OW:DIHi HR0 e @IEr Af ¢ir B(20H).

an acodGPMRH DI § okt dOE 0Tl DA Bat Ak i mass of &

deposit formed on a specially constructed steel rod by stressing
confsi NUBsnte 2—ICRRGHITHNRoRAMTANT 109-BenAendlfiarhi@s titBickcloRe@fione

t hermal-oxidative and catalytic conditions. The instrunment used was
manuf act ured by Tannas and has a typica abi |

Co. cal y of
0.15(x+16) 3% lhgtaimess siepl autqclave js pragcdority M bR t'eéz?‘é%a‘é%‘?%@dz%‘ég

resul t seycitAecahBSind 9.@% \ﬁ&ggfaj o) &l1Bded¥itinum on carbon catalyst. The autoclave
2009/ 078091PCT/ U52008/ 085204 || sted in Table 4. The |ower the ampunt

of deposistmsesshtizedrveth 4,23 eKBe(t08 psighef lyidratsni dhe waetisin wasyhegied tonko03¢ for 4

hours. The reaction mass was cooled, yielding 272 g of a thick gray slurry, containing crude

20 N!'N*-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

25  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 NI,N3-(1,3-dimethylbutyl)-l,3—benzenediamine. The crude material was

purified by vacuum distillation prior to use.

53



Tabl e 4 IWHT- TECST Test Conditions Test ParanetersSettings Test
duration24 hours Rod Tenperature285C Sanple size8.5 g (mxture of 8.4
g of oil and 0.1 of catalyst) Sanple flowrate0.25 g/mn Flowrate
(dry air) 1‘50&1’_‘79%76%9%& alystO 1 soluble mxture contai nPRYUEWIS/ER52045n(
The secondary diarylam ne used in the test was a

corrpl ex mxture of predomnantly 5 nono-, di- and tri-nonyl diphenyl
am nes currentl )éasol d_under the trade de5| gnati on Naugal ubeTM 438L
whi ch |%§%?«v 2 “. HGEOACBAATOR Off pNAuN LJECAL‘JJ I Ty A eRCL A ine ApJuscd E
bel ow giy Iet]he MHT- TECST results for oils contai ni ng substituted
benzene‘d%_—fﬁne of Exanpl es 4-10. WD 2009/076091 PCT/ US2008/ 085204

Exanpl e 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
5  an additiona] 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‘,N3 -dicyclohexyl-4,6-dibutyl-1,3-benzenediamine

has the characteristics reported below.

'H NMR: 8 6.68 s (1H), 6.04 s (1H), 3.30 br (2H, exchangeable with CD;0D), 3.28 m (2H;
10 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

=7.2 Hz (6H).

PCNMR: § 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 NI,N3 -dicyclohexyl-1,3-benzenediamine produced by
Example 2

15 To 272 g of NI,N3-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

20  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-diisobutyl-l,3-benzenediamine, along with 35%
N!.N? -dicyclohexyl-4-isobutenyl-6-isobutyl-1,3-benzenediamine, as determined by GC/MS.

The N1,N3-dicyclohexy1-4,6-diisobutyl—1,3-benzenediamine was further purified by

25  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/ethy! acetate,

'H NMR: & 6.58 s (1H), 6.02 s (1H), 3.30 br (2H, exchangeable with CD;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

30  (12H).
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BC NMR: 8144.0, 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* N°-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: 8 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 NI,N3 -(1.3-dimethylbutyl)-1,3-benzenediamine

produced by Example 3

A 1L stainless steel autoclave was charged with 68.1 g of N',N3-(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',N3-(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
CD3;0D), 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, /= 6.0 Hz (6H), 0.92 d, /= 6.0 Hz (12H).

IR: 3434 cm™ m, sharp, (N-H).
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Example 8 - Catalytic Hydrogenation of N . N°-(1,3-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 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 Nl,N3-(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.

"H NMR: § 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 N' N°-dicyclohexyl-1,3-
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'N’-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
CD;0OD), 3.17 m (2H), 1.8-1.0 (20H).

BC NMR: 8 145.39, 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!.N3-(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 N3-(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 CD;0D), 1.4-0.6 (10H), 1.01 d, J=6.0 Hz
(6H), 0.82 d, J=6.3 Hz (6H)., 0.79 d, J= 6.3 Hz (6H).

BC NMR: § 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 em™ 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% N' ,N°-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
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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'N3-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: & 6.64 s (1H), 6.02 s (1H), 3.24 br (4H; with CD;0D 2H exchange, and the other 2H
occur as 3.151,J1=99,J2=35Hz)2.22d,J=7.2 Hz (2 H), 2.01 s (3H), 2.1-1.1 (21H), 0.92
d,J=7.2 Hz (6H).

BCNMR: § 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',N*-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.

'H NMR: 8 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, J = 7.2 Hz (6H), 0.81 d, J = 7.2, (6H).

C 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 Nl,N3-dicyclohexyl-4-methyl-1,3-benzenediarnine described in
Example 11 was charged to a 1L stainless steel autoclave along with 79.5 g bénzaldehyde, 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: & 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).

BC NMR: 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 ecm™ (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, /=6 Hz
(4H), 1.94 apparent septet, /= 6.9 Hz (2H) 1.8-1.1 (20H), 0.90 d, J= 6.6 Hz (12H).

3CNMR: & 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 ! N3.-dicyclohexyl-
N'.N3-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=28.1 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).
3C 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-
N'N? -diheptyl-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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listed in Table 4. The lower the amount of deposits obtained, the better the oxidation stability of

the oil.
Table 4
MHT-TEOST Test Conditions
Test Parameters Settings
Test duration 24 hours
Rod Temperature 285°C
Sample size 8.5 g (mixture of 8.4 g of oil and 0.1 g of catalyst)
Sample flow rate 0.25 g/min
Flow rate (dry air) 10 mL/min
Catalyst Oil soluble mixture containing Fe, Pb, and Sn

The secondary diarylamine used in the test was a complex mixture of predominantly
5 mono-, di- and tri-nonyl diphenyl amines currently sold under the trade designation Naugalube™
438L, which is commercially available from Chemtura Corporation. Table 5 below gives the

MHT-TEOST results for oils containing substituted benzenediamine of Examples 4-10.
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NI, N3- di eyel ohexyl-4-benzyl-6- nmethyl-1,3 -b enzenedi am ne

Conpar ati ve Exa

|
0. 75% secéﬁﬁé?“?’qgﬁ‘??lne base-t r eat

es C G Conparative Exanple C contained onl
| evel of

t he
PCT/US2008/085204

Example

Secondary diaryl
amine antioxidant

Table 5

MHT-TEOST RESULTS

Wt %

Substituted benzenediamine

Wt %

(mg
deposit)

13

14

15

16

17

18

19

20

21

Naugalube™ 438L

Naugalube™ 4381,

Naugalube™ 438L

Naugalube™ 438L

Naugalube™ 4381,

Naugalube™ 438L

Naugalube™ 438L

Naugalube™ 4381

Naugalube™ 438L

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

Example 4
N',N2-dicyclohexyl-4,6-dibutyl-
1,3-benzenediamine

Example 5

N, N®-dicyclohexyl-4,6-
diisobutyl-1,3-benzenediamine
Example 6 ’
N',N°-dicyclohexyl-4-butyl-
1,3-benzenediamine

Example 7

N’ N°-(1,3-dimethylbutyl)-4,6-
diisobutyl-1,3-benzenediamine
Example 8
N',N°-(1,3-dimethylbutyl)-4,6-
dibutyl-1,3-benzenediamine
Example 9

NI,N3 -dicyclohexyl-4,6-
dibenzyl-1,3-benzenediamine
Example 10
N'N°-(1,3-dimethylbutyl)-4,6-
dibenzyl-1,3-benzenediamine
Example 11

N'.N? -dicyclohexyl-4-isobutyl-
6-methyl-1,3-benzenediamine
Example 12
Nl,N3-dicyclohexyl-4—benzy1—6—
methyl-1,3-benzenediamine

0.50

0.50

0.50

0.50

0.50

0.50

0.50

0.50

0.50

33

32

19

54

56

36

65

51

30.7

Comparative Examples C-G

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

5  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-Cy esters of 3,5-di-
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antioxidant, with no cycloal kyl benzenedi am ne deposit

control /anti oxi dant additive. Conparative Exanple D contained 125% of
secondary am ne, substituting additional secondary 5 di_phenyl am ne
for the beN9aMR87%M ne deposit control/anti oxidant addiPEirglé.XOOS/OSSZM
Conpar ati ve Exanple E contai ned the 0.75% secondary ani ne base-treat
| evel of antioxidant, with 0.5% Naugal ubeTm 531 anti oxi dant

substi tut ed r .the.cycl.oal kyl benzenedi am ne 0si t .
Sont+ o PR PGRHaRTCAGTS Ao ) Arne R 0Hs Sieiy Shemfge Lorporation.
M Xt ur eC&hpdealtive B8t B dhtathel-thE 0.75%Qe2OQRAHO A8 Hakel{rdal TR0 8! Bt itnt,
tert-butyl-hydroxycinnam c acid and is conmercial ly avail able from

Chent ur'%itcdri3e fagszene ™ cnpatiaidaps sebstiyitdefar the syelpalky bangensdianuge deposit
second I RexRasCHiRAE 8 fo ant i Qxbdat 1M R oA tml BEAON S
4L ant?%%?ggﬁgﬁgﬁﬁgtfgﬁﬁe% fo%ééﬁﬁbceglggptyl beﬁﬁgnbdﬁgﬁg%ebﬁﬁpQQ?}
contr ol Yearmgniediringizen endhdglicoimrerciflye eyalablEMrdin herntixd damporation.  Comparative
N, N - bi | .pe L) - par.a- benzenedi ami ne and i.S._cQ rci.al.l

avai | b IO ERahY T o7 SERORECRE R e fR PR By e
exenpl avAT-EBOST e¢slis atipedvidadrin Asblpephied Wi th no added anti oxi dant.
The ME ' ' .

Conp. Secondary diaryl am ne anti oxiganE & % (ng Exanpl edeposit)

Naugal ubeTM 438L di.nonyl di pheny] am ne0. 7572 Naugal ub 438L di nonyl
di phen %-nel.g@@éﬂm%éwgéwt%@a@, 5-di -t-butyl - hy g/‘l%ycﬂmﬁamc

aci d, E C7Z-C9 _hranched _ester deposit)
C Naugalube™ 438L dinonyl diphenylamine 0.75 72
D Naugalube™ 438L dinonyl diphenylamine 1.25 59
E Naugalube™ 531  3,5-di-t-butyl-hydroxycinnamic acid, 0.50 56

C7-Co branched ester
Flexzone™ 4L N,N’-bis(methylpentyl)-p-benzenediamine 0.50 48
No added antioxidant 0.00 110

[ Wes!

The deposits obtained for Inventive Examples 13-21 are significantly lower than the
10 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
15 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
20  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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FIl exzoneTM 4L N, N - bi s(net hyl penty1) - p- benzenedi am ne 0.5048 No added
ant i oxi dant 0. 00110 The deposits obtained for Inventive Exarrpl es 13-21
are significantly |lower than the 10 deposits obtained for arative
Exanpl es C‘,V%ZOO?’H?’/@”denonst rates that the lubricating O?FT/@&PB”@WN“MS
cont ai ni ng appropriate m xtures of the deposit control/antioxi dant
bl ends of the present invention have superior oxidative stabilities
to produce smaller anbunts of deposits in the MHT-TECST. In view of
t he mﬁ&}hﬁjﬁa@w_daﬂad nodi fications that can be nade wi t hout departing
from 15 principles underlying the present invention, reference should
be madé-to ﬁh@owﬁ)ﬁﬁd&dla@m&ﬁaﬁ besrenediamprrgonnonad PYTBISAge scope of
t he protect
submit is t ée?}?trnr1 @%Ft?gx y‘ljﬁgn\/\%d\}g(ri wﬁﬁgﬂéng) Byégg&l?:%ﬁgtcéa J()jdngch‘Fl m ted
t o t he igenmddcatd, avhemurbﬂld ifine earbomniil sompew, is subsnmtddtw thié mspeo8erhitrogens of
d| rrgnl;ibare ded .as illustrative rather than Iimting.
ge§ at“lqose skilled in the art w thout departing

f r om the spidactingdh séd&ﬁd 2EbbiN RBinb&hd Wittethdiisehasiidie s Bf padstndealf @pdidgen
articles and other materjials described herein are hereby

i ncor p@rétachydrpgenatie eatalyst foefoym ?Ihﬁ‘éfytaFﬁdsl §6‘§B¥@F@é@i‘t§n whrein the second

refere ifbon ngﬂ b&ddonss ﬂs§ﬁatb@e&, afie  GATRN 'a%rﬂaﬁlc 3inB! BF ahé tyfkfted 1,3-

defi ne onents are to be construed as i ncluding Conmpositiaons

f or med bblyzea@tlmmmn the defined plurality of defined conponents. WO

20 381076091PCT/ US2008/ 085204 What is clainmed is: 1. A process for
ylating a 1, 3-benzenedi am ne conpound conpri si ng: reacting

a first. car Theytocessmiolairg 1\Wvhéreinhie dik@ateé nBebedemdiangnclaspatncutedl)

form arﬂal nt er nedi a 4% ‘\gg_er ein the first carbonyl conpound is

subst i Y88 tsrecprral fomaplact i ve nitrogens of 5 the 1, 3- benzenedi ani ne;

and reacting a second car b§nyl conmpound with the internedi ate

in the presence.of hydrogen and hydr ogefrati on catal yst to form an
al kyl ated 1-3-benzenedi am ne, whgrein the|second carbonyl conpound is
substituted on the central aronefc rj @$~¢@e al kyl ated 1, 3-
benzenedi anine. 10 2. The pRdcess>( i m 1, wherein the alkylated
1- 3- benzenedi am ne has a struct t he general formula:

(1) Rl and R2 are | hdf |y Sel ected fromthe gr oup
consi sting of Cl1-C36 al kyl, C2-C36°A Kényl , C4-C36 cycloal |l cyl,
C5-C36 aryl, C5-C36 heterocyclo, $Hructurms: M

R; and R, are independently selected from the group consisting of C;-Csg alkyl, C;-Css
15 alkenyl, C4-Cs6 cycloalkyl, Cs-Csg aryl, Cs-Cs6 heterocyclo, structures:

an N—Ry4

; and —R;3COxR 3
R; and R4 are independently selected from the group consisting of hydrogen, C;-Css
alkyl, C>-Cs¢ alkenyl, C4-Csg cycloalkyl, Cs-Csg aryl, Cs-Csg heterocyclo, structures:
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R11 ; and - R12CO2R13; R3 and Rt are independently sel ected
fromthe group consisting of hydrogen, Cl-C36 al kyl, C2-C36 al kenyl,
C4- C36 cycl oal k C5-C36 aryl, C5-C36 heterocyclo, structures: WO
2009/ 076091ﬂéﬂ99{V€!§2®b8/ 085204 Q ZQ N(Qo, : and - 12. 12CBSR{32008/085204
wherein mis an integer of 1 to 8 and each Qis (C (R9)(R10), wherein
each RO and R10 is independently selected fromthe group consisting
of hydrogen, hal ogen, Cl-Cmal kyl, C2-C36 al kenyl, C4-C36 cycl oal kyl,
C5-C36 aryl, and C8-C36 heterocycl o; erein RL1 is selected from

t he group consisting of hydrogen, hal ogen, H, Cl- C20 al kyl,
C2- C20 al kenyl, C4-C20_cycl oal kyl aryI C5- C20 het erocycl o;

and wherei n Fﬂ;/Ps\an Cl - %!kenyl group, and R13 is
sel ected fromthe gRoup cthsistin 0 & kyl, C2-C20 al kenyl,
C4- C20 cycl oal kyl - C20/ C5- C20 het erogycl o; prOV|ded that RI2 is
not -CH2CH2- or -CH2 )-; and 1012. R6, R7 and R8 are

i ndependently sel egfed fromthe group consistin f 6 al kyl,
al keny cycl oal ky - ary rocycl o
- (36 al kenyl . OF-C36 cycl oal kyl . Ch-C36 aryl .. e EHE REre |

and hydr ogeRryheRSi Wi dad 1ﬁt9$€§r ol th %%E eQHEQ (@@19)@@@ WheraintkalBR) &nd R, is
hydrogen. 3. The process of claim2, wherein the all cylate

1- 3- beripdapertieatty ﬁeleﬁa% fromy theygroup eonsisting 105 Hiydrosgn.t badogsanbr-Sbs lkYlmths:e
alkenyl, C4-Cs¢ cycloalkyl, Cs-Csg aryl, and Cs-Csg heterocyclo;
5 wherein Ry is selected from the group consisting of hydrogen, oxygen, halogen, H, C;-
Cayp alkyl, Co-Cy alkenyl, C4-Cyg cycloalkyl, Cs-Cyg aryl, Cs-Cyo heterocyclo; and
wherein Ry, is an C;-Cyg alkyl or alkenyl group, and Rj3 is selected from the group
consisting of C;-Cyg alkyl, C,-Cy alkenyl, C4-Cy cycloalkyl, Cs-Cy aryl, Cs-Cyo heterocyclo;
provided that R;, is not -CH,CH,- or -CH,CH(CHj3)-; and
10 Rs, Rg, R7 and Ry are independently selected from the group consisting of C;-Cs¢ alkyl,
C,-C3g alkenyl, C4-Cs4 cycloalkyl, Cs-Csg aryl, Cs-Csg heterocyclo and hydrogen, provided that at
least one of Rs, Rg, R7 and Ry is not hydrogen.

3. The process of claim 2, wherein the alkylated 1-3-benzenediamine has a structure (II)

15  having the general formula:

Ry R,
N N
R;// \\R4

wherein

R; and R; are independently selected from the group consisting of Cy-Cyp alkyl, Co-Cyg
alkenyl, C4-Cyg cycloalkyl, Cs-Cyp aryl, Cs-Cyp heterocyclo;
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wherein R1 and R2 are independently selected fromthe group
consi sting of Cl1-C20 al kyl, C2-C20 al kenyl, C4-C20 cycl oal kyl, C3-C20
aryl, C3-C20 heterocyclo; WD 2009/ 076091PCT/ US20081085204 R3
and R4 ar VPAYEIEYent | y sel ected fromthe group consi 8ETHG208%/085204
hydr ogen, Cl1-C20 al kyl, C2-C20 al kenyl, C4-C20 cycl oal kyl, C5-C20
atyl, and C5-C20 heterocyclo; and R5 and R6 are

i ndependent |y selected fromthe oup .consi sting of Cl-C20 al kyl,

C2- C20 al ke%l%ﬂg&‘% &dﬂé@?@{%ﬂkﬁ?fec o3 U, gion ésn%%lgﬁf_ift IsVire] 61-Ca
and hydnggen,cpeRvhHED,-thakciBhlk)ees T ParPNdt;s- 68 ReRebRiol sndnot
hydrogen. 4. The process of claim2, wherein the alkyl ated

1- 3- benzened; 3y 'Rg AP@ By HHEMBL 4l Rted G RE HRArbEP BdsREng BPUE-CQOOQIE}I,S £i-ag,
of:  wherein mand n are independently integers of 0, 1, or 3,

wher ei @lksnyln §4+§2@eysldatkab ferdm rrily Ci-Riodistarecytlocand hydepge®: prowidedethat at least

andss %%gP%ﬁgﬁgg%ggg&hégkﬂkggers of 1 or 2, 5wherein R3, R4, Rs, and

RO are € process of claim1l, wherein the al kyl ated
1, 3-benzenediamine is selected fromthe group consisting of
NI, N3-di cycl ohexyl-4, 6-di butyl-1, 3- benzenedi am ne,

NI, N3-di cyclohexyl- = dibi spbhut y.1- -b nedi am ne, N
N di Syl oy e assh e 7 SERER IR Sbiians o R RElanre b a strcture
10di cystleftex frémihSg@dup enrislind o8- benzenedi am ne,
NI, N3- (1, 3-di net hyl butyl)-4, 6-diisobutyl-1,3- benzenedi am ne,
NI, N3- (1, 3-di net hyl Ryt y1) - 4, 6- di put y1- 1, 3-benzenedi anmi ne, N, N3-(1, 3-
di nmet hyl butyl)-4,8 3-benzenedi am ne, and
NI, N3- di cycl oghex 'ﬁpbutyl- ,.3- benzenedi am ne.
m

8
n

10
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WO 2009/ 076091PCT/ US2008/ 085204 6. The process of claim 1, wherein
the first carbonyl conpound and second carbonyl conpound are

i ndependently selected fromthe group consisting of an_al deh

havi ng théWBéW8@§W9¥ornula: 0 H 5and a ketone having tﬁnggﬁéggﬁﬂm
f or mul a: 0 R16R16 wherein 1215 and R16 are independently
selected fromthe group consisting of Cl1-C20 al kyl, C2-C20 al kenyl,
C4- C20 cycl oal kyl, C5-C20 aryl, C5-C20 heterogyclo and a (ing
conmpound forned by fusing R15 a C4-C20 cyc
C5-C20 aryl, or he process of cl
wherein the 1, 3-lbenzenedi am ne co tol uene diam n
fromthe group Si sting of\Z2, 1
di am ne, and 2, 5-t
the al kyl ated 1-3-
fromthe foll ow
i ndependently s
C2- C36 al kenyl ,
structures:

enzenedi am he conpound has » eNsel ect ed
Qr e B3 R3 R7 Ra/ : Y
ecte dﬁoup consi sting

Cm al kyl ,
C5-C36 aryl, G

, and
wherein m and n are independently integers of 0, 1, 2 or 3;
wherein p and q are independently integers from 0 to 18;
wherein r and s are independently integers of 1 or 2,

5 wherein R3, R4, Rg, and Ry are defined above.

5. The process of claim 1, wherein the alkylated 1,3-benzenediamine is selected from the
group consisting of Nl,N3-dicyclohexyl-4,6-dibutyl-1 ,3-benzenediamine, N',N>-dicyclohexyl-
4,6-diisobutyl-1,3-benzenediamine, N ,N3 -dicyclohexyl-4-butyl-1,3-benzenediamine, N ,N3 -
10 dicyclohexyl-4,6-dibenzyl-1,3-benzenediamine, N' N3-(1,3-dimethylbutyl)-4,6-diisobutyl-1,3-
benzenediamine, N ,N3 -(1,3-dimethylbutyl)-4,6-dibutyl-1,3-benzenediamine, N ! ,N3-(1 ,3-
dimethylbutyl)-4,6-dibenzyl-1,3-benzenediamine, and N, N* -dicyclohexyl-4-isobutenyl-6-

isobutyl-1,3-benzenediamine.
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WD 2009/ 076091PCT/ US2008/ 085204 ; and - RL2CO2R13; R3 and R4
are independently selected fromthe group consisting of hydrogen,

Cl- C36 al%% -C36 al kenyl, C4-C36 cycl oal kyl, C5-C36 arg . C5- C36
het er ocycl Oz‘é”f’/mf@?lures ZONQOQn, Q : and - RL20CR1BYEUSHIHE W n m
is an integer of 1 to 8 and each Qis (C)(112.9)(R10), wherein each
R9 and RlO i s independently selected fromthe group consi sting of

hydrog ogen, C36 _al C2- C35 al keny - C36 cycl aal kyl
- C36 5:3“ yl g pepcess Oég’éﬂﬁét K%e%%ﬁrst carbonymr&uﬂd rad Sep@@ért@evﬁd

f rom t f&@mgr)ﬁmoars Qﬂéﬂae?ﬁérﬂgf Rfecldy %9%@ grdagw@knng 3F A98Behykl h&wals Akky!
C2- C20 al :y C20 cycl oal kyl , aryl, "Cs-Ca) heterocyclo;
and 10weesalifermmila i s an C -Cmal kyl or al kenyl group, and R13 is
selected fromthe group consisting of Cl-C20 al kyl, C2-C20 al kenyl
C4- C20 cycl oal kyl, C5-C20 aryl, Cs-Cm Reterocyclo; provided that R12
is not -CH2CH2- or -CH2CH(CH3)-; and R5, R6, and R7 are

i ndependently selected fromthe group_cqnsisting of Cl-C36 al kyl, C2-
C36 al kenyl, C4-C36 cycl oal kyl, Cﬁqgﬁg g?yi, C5- C36 heterocycl o and
hydr ogen, provided that at 15l east one of R5, R6, R7 and Rg is not
hydgogen, andal@&ﬁ%%gﬁgghﬁi% %Qﬁmﬂﬂages are positioned on the
central aromatic ring In position relative to each other.

9. The process of claim7, wherein the @l kyl ated 1, 3-benzenedi am ne is
selected fromthe ”

C
~N
R15/ R1e

wherein R;s5 and Ry¢ are independently selected from the group consisting of C;-Cy alkyl, C-Cy
alkenyl, C4-Cyp cycloalkyl, Cs-Cyq aryl, Cs-Cy heterocyclo and a ring compound formed by
fusing R;5 and R to form a C4-Cyy cycloalkyl, Cs-Cyp aryl, or Cs-Cyg heterocyclo.

10
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.

15 8. The process of claim 7, wherein the alkylated 1-3-benzenediamine compound has a

structure selected from the following formula:

AN
R{// R4
Rs
Ry RS

R; and R; are independently selected from the group consisting of C;-Csg alkyl, C-Css
alkenyl, C4-C36 cycloalkyl, Cs-Csg aryl, Cs-Csg heterocyclo, structures:
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20group consi sting of

1\ 11, N3-di cycl ohexyl- 4-i sobutyl-6-net hyl -1, 3- benzenedi am ne, N, N3-

dicyclohe 1 6- et hyl - 1, 3- benzenedlanlne ,
d|cyc% QEBé% U but enyl- 6- met hyl - WO PCT/US2008/085204

20091076091PCT/U820081085204 1, 3- benzenedi am ne,

Nl,hB-dicycIohcxy1-4-benzy1-6-nethyl-1,3-behzenedianine, NI, N3-

di cycl ohexyl-4-isobutyl-2-nethyl -1, 3- benzenedi am ne,

NI, N3-di cycl ohexyl 4-butyl-2-nmethyl- 1, enzenedi am ne,

N1, N3-di cycl ohexyl- 4- but enyl - 2-net h - benzenedi am ne, N1, 1\ 13-

dlcyclohexyl 4- benzyl- 8 met hyl -1, 3 benz nedi am ne,

N1, N3- (1, 3-di net hyl but'yN. - 4-1i yl - I-1 3- benzenedi am ne,

N1, N3- (1, 3-di net hyl®ut y1){ & but y1? -1, 3! benzenedi ani ne,

N3- (1, 3- di met hyl But y1)/ 4- but eny i -1, 3- benzenedi ani ne,

, N3- (1, 3-di net hyl N- 4-benzy|-6- -1, 3 benzenedi am ne,
N1, N3- (1, 3-di net hy¥but y1) - 4-] sobut yl - thyl - Q§§@pd|an1ne

N3- (1, 3- di met hyl but y1) - 4-but yl - 2- nethyl 1, 3- benzeﬁé

N3- (1, 3- RYi aneit Ry bieuingldpenderhiyt elegted Zraretihy |gfcmp3eolnameﬁhmgm Carttl

NI,
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at a tenperature from 20C to 300C and at/ a pressure from 100 to

30, 000 kil opascals. 1511. The process of aim1l, wherein the

hydr ogenati on catal ysts are netal sts selected fromthe group
consi sting of platl‘/pﬁ pal I adi um m ruthenium osm um

iridium or nickel.q ;th N——Ry;
Q
; ; and —R12COsR 3,
5 wherein m is an integer of 1 to 8 and each Q is (C)(Rg)(R1¢), wherein each Ry and Ry is

independently selected from the group consisting of hydrogen, halogen, C-Cs¢ alkyl, C-Css
alkenyl, C4-Cs¢ cycloalkyl, Cs-Csg aryl, and Cs-Csg heterocyclo;
wherein Ry is selected from the group consisting of hydrogen, oxygen, halogen, H, C;-
Cy alkyl, Co-Cy alkenyl, C4-Cyp cycloalkyl, Cs-Cyg aryl, Cs-Cyg heterocyclo; and
10 wherein Ry, is an C;-Cy alkyl or alkenyl group, and R;; is selected from the group
consisting of C;-Cy alkyl, Cp-Cy alkenyl, C4-Cy cycloalkyl, Cs-Czp aryl, Cs-Cy heterocyclo;
provided that R, is not -CH,CH,- or -CH,CH(CHs)-; and
Rs, Rg, and Ry are independently selected from the group consisting of C-Csg alkyl, Co-
Css alkenyl, C4-Cs4 cycloalkyl, Cs-Csg aryl, Cs-Csg 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.

9. The process of claim 7, wherein the alkylated 1,3-benzenediamine is selected from the
20  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, N N* -dicyclohexyl-4-benzyl-6-methyl-1,3-benzenediamine, N ,N3 -
dicyclohexyl-4-isobutyl-2-methyl-1,3-benzenediamine, N' N-dicyclohexyl-4-butyl-2-methyl-
1,3-benzenediamine, N 1 ,N3-dicyclohexyl-4-buteny1-2—methyl— 1,3-benzenediamine, NI,N3 -
dicyclohexyl-4-benzyl-2-methyl-1,3-benzenediamine, N',N*-(1,3-dimethylbutyl)-4-isobutyl-6-
methyl-1,3-benzenediamine, N* N3-(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, N N3-(1 ,3-dimethylbutyl)-4-butyl-2-methyl-1,3-benzenediamine, N',N>-(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.
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