1 MANNICH CONDENSATION PRODUCTS USEFUL 2 AS
SEQUESTERING AGENTS 3 4 FIELD OF THE INVENTION 5 The
present invention is directed to Mannich condensation product 6
sequestering agents or mlxtures of Mannich condensatlon product 7

se uesterln agents for
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also directed to a 10 productformed by comblnlng under reaction
4 conditions, a polyisobutyl 1 substifdfetHtydroxZaidnmic compound, an
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formed from thé oxi atlon %e oil. Wear inhibitors are a
15lubfieatagtrate having the Mannich condensation product sequestermg agents of

16 the present invention.

17 BACKGROUND OF THE INVENTION

18  Lubricating oils contain additives that perform many important functions.

1S Ashless dispersants are added to lubricating oils to disperse varnish, lacquer,
20  and sludge that may be formed in the oil and prevent the formation of

21 deposits. Ashless dispersants aiso disperse soot and prevent viscosity

22 buildup caused by the agglomeration of soot in the oil. Overbased detergents
23  are added to lubricating oils to neutralize acids. These acids can cause wear
24 and corrosion, and can cause acid catalyzed reactions and rearrangements to
25 occurin the oil. Anti-oxidants are added to lubricating oils to control oxidation
26  of the oil by scavenging radicals or by decomposing hydroperoxides that are
27  formed from the oxidation of the oil. Wear inhibitors are added to lubricating
28  oiis to prevent wear of the metal parts caused by friction. Other additives

29  such as corrosion inhibitors, friction modifiers, viscosity index improvers, pour



28 oils to prevent wear of the metal parts caused by friction. Other
additives 29 such as corrosion inhibitors, friction modifiers, viscosity index
improvers, pour -1 1 point depressants, seal, swell agents, etc., can also
be added to lubricating 2 oils to provide important properties to the
finished lubricant. 3 Metal ions can play an important role in the
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in aqueous media. There is a great need for good 18 sequestering agents
that are oil-soluble. Oil-soluble sequestering agents are 19 also useful for
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persons skilled in the art. Oils useful for lubricating internal combustion
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13Vis Wﬂé‘ﬂé’ii(ﬁ?%’%ﬁ%@g agents for use in lubricating oils or

hydrocarbon 24 fuels must' be oil-soluble.

14 Sequestering agents have many uses, in living plants for supplying necessary
15 trace elements, in metal piating baths, removing rust stains, removing

16 impurities and in fuels and lubricating oils. Most well known sequestering

17 agents are useful only in aqueous media. There is a great need for good

18  sequestering agents that are oil-soluble. Qil-soluble sequestering agents are
19  also useful for the introduction of metals into non-aqueous systems, for

20 providing oil-borne micro-nutrients to plants and many other uses known fo

21 persons skilled in the art. Oils useful for lubricating internal combustion

22  engines are generally either mineral oils or synthetic oiis of lubricating

23 viscosity. Thus, sequestering agents for use in fubricating oils or hydrocarbon

24 fuels must be oil-soluble.

25  The conventional oil-soluble Mannich condensation products are useful in

26 internal combustion engine fuels. Non-volatile constituents of fuel, such as

27  additives, sometimes form deposits or varnish on inlet valves and on heating

28 elements. Such deposits and varnish impair the efficiency of these elements.

29 In addition, fuels are susceptible to chemical reactions, such as, oxidation, on
-0



25 The conventional oil-soluble Mannich condensation products are useful
in 26 internal combustion engine fuels. Non-volatile constituents of fuel,
such as 27 additives, sometimes form deposits or varnish on inlet valves
and on heating 28 elements. Such deposits and varnish impair the
efficiency of these elements. 29 In addition, fuels are susceptible to
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These products generally act as 7 dispersants to disperse sludge,
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ubricating oll.
14 seque%tering agents. However, such products cannot be used as

15 sequestering agents in fuels and lubricating oils.

16 The preparation of Mannich condensation preducts is well known in the art. A
17 number of patents disclose Mannich condensation products of alkyiphenols,
18  aldehydes and amines. However, none of the known Mannich condensation
19 products contain both the needed oil solubility and the ability to sequester

20 Fe™to prevent Fe'® catalyzed oxidation and polymerization reaction in

21 lubricating oil.

22 U. 5. Patent No. 4,032,304 discloses an improved fuel composition containing
23 anormally liquid fuel, a carboxylic acid ester of lubricating viscosity and an oil-
24 soluble nitrogen-containing dispersant. The dispersant is characterized by the
25  presence therein of a substantially saturated hydrocarbon-based radical
28  having at least 50 carbon atoms. The dispersant is preferabiy a carboxylic
27  dispersant or a Mannich-type dispersant. The Mannich-type dispersant is for
28  example the reaction product of an alkylphenol with formaldehyde and a
29  pclyethylene polyamine.
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22 U. S. Patent No. 4,032,304 discloses an improved fuel composition
containing 23 a normally liquid fuel, a carboxylic acid ester of lubricating
viscosity and an oil- 24 soluble nitrogen-containing dispersant. The
dispersant is characterized by the 25 presence therein of a substantially

saturated hydrocarbgn-hased.radical 26 having at least 50 carpon atoms.
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center of the molecul uch chHelating agents have 13 better stability in
an alkaline environment. 14 U. S. Patent No. 4,130,582 discloses a
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solvent for the reaction system. '

14 U. S. Patent No. 4,130,582 discloses a process for the preparation of phenolic
15 ethylenediamine polycarboxylic acids in predominantly the ortho isomeric form
16 which comprises reacting a phenol compound, ethylenediamine, glyoxylic acid
17  and a base, said phenol compound functioning both as a reactant and as a

18  solvent for the reaction system.

19 U. S. Patent No. 4,197,091 discloses a composition for inhibiting the corrosion
20 of ferrous metal pipelines used to fransport petroleum hydrocarbons

21 comprising a major portion of a mixture of Czg di-carboxylic dimer acid and a
22  Cs trimer acid, which mixture has an acid number of at least 110 and from 0,5
23 upto 5% of a composition from the group consisting of (a} an N,N’-di(ortho-
24 hydroxyarylidene}-1,2-alkyldiamine in which the arylidene radical contains 6-7
25  carbon atoms and the alkylene radical contains 2-3 carbon atoms; and (b) a
26 polymeric condensation product obtained by the reaction of a pheno! having

27  two reactive ring positions, a lower aliphatic aldehyde and a polyamine.



19 U. S. Patent No. 4,197,091 discloses a composition for inhibiting the
corrosion 20 of ferrous metal pipelines used to transport petroleum
hydrocarbons 21 comprising a major portion of a mixture of C36
di-carboxylic dimer acid and a 22 C54 trimer acid, which mixture has an

acid n er of at le d from 0,5 23 up.to 5% of a.c oSl
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and a polyamine, -4,1 U. S. Patent Nq. 4,225,502, a division of application. .
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(IN. The chelating 4 agent is a Mannich condensation product made from

phenol or substituted- 5 phenol, formaldehyde, a di-amino di-acid and a ‘
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lubricant$ having such combinations as additives are particularly useful in
1517 taiogche taenstieikeyangieao!, aldehyde and amino compound. Fuels and

16 lubricants having such combinations as additives are particularly useful in

17 two-cycle (two-stroke) engines.

18  U. S. Patent No. 4,387,244 discloses that alkyl-substituted hydroxybenzyl
19 anﬂino acid oligomers are effective metal chelating agents in a broad range of
20 non-aqueous systems. The products claimed display surprisingly high |
21 solubilities in a broad range of substituted and unsubstituted aliphatic and

22  aromatic solvents.

23 U, S. Patent No. 4,655,849 discloses a novel lubricating oil composition

24 comprising an organometallic additive, including a metal selected from

25  Groups !, Ib and VI of the Periodic System of Elements, e.g. Na, K, Cu, Co,
26  NiorFe, chelated with the reaction product of formaldehyde, an amino acid
27 and a phenol, dissolved in a lubricating oil. Depending on the choice of metal,
28  the above organcmetallic additive imparts rust inhibition, sludge dispersant,

29  wear reduction and anti-oxidant propetties to the said lubricating oil.
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18 U. S. Patent No. 4,387,244 discloses that alkyl-substituted
hydroxybenzyl 19 amino acid oligomers are effective metal chelating
agents in a broad range of 20 non-aqueous systems. The products
claimed display surprisingly high 21 solubilities in a broad range of

substituted and unsuhstituted aliphatic and aromatic solyents, 23 U. S.
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rocarbon liquid. The method'for the 9 preparation of these Mannich
condensation products are claimed in the 10 divisional U. S. Patent No.
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reaction products 12 formed from the reaction of an alkyl-substituted
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13coppge melanesiascasringdithdfhvars sapbe bl seefbyriseaiathd in

such species lead to decomposition , n
14 hydrocarbon fluids. Left untreated, such species lead to decomposition
15 resulting in the formation of gummy, polymer masses in the hydrocarbon

16 liquid.

17  U. S. Patent No. 5,122,161 discloses a diesel fuel composition comprising (a)
18  a major portion of a diesel fuel, and (b) a minor amount, as a diesel fuel

19 injector detergent, of a glycolated Mannich coupled product of bis-

20  polyiscbutylene succinimide of a polyamine, prepared by: (i) reacting an

21 alkylsuccinic acid anhydride with a polyamine to form a bis-succinimide; (ii)
22 reacting the bis-succinimide with a phenol in the presence of an aldehyde to
23 form a Mannich phenol coupled bis-succinimide product; (iii) glycolating the
24 Mannich phenol coupled bis-succcinimide product with glycolic acid to form a
25  glycolated Mannich phenol coupled bis-succinimide product; and (iv)

26 recovering the glycolated Mannich phenol coupled bis-succinimide product. |

27 U. S, Patent No. 5,641,394 discloses a composition for use in deactivating

28  iron species in hydrocarbon fluids, comprising the products resulting from the

29 reaction of (1) a substituted-catechol, (il) a mixture of polyamines, and (lll} an
-B-



15 resulting in the formation of gummy, polymer masses in the

hydrocarbon 16 liquid. 17 U. S. Patent No. 5,122,161 discloses a diesel

fuel composition comprising (a) 18 a major portion of a diesel fuel, and (b)

a minor amount, as a diesel fuel 19 injector detergent, of a glycolated

Mannich coupled product of bis 20 polyisobutylene succml ide of
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San \"526 recovering the glycolated Mannich phenol coupled
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Part A: Polymer Chemistry, Vol. 31, 1959-1966 (1993) 10 dlscloses

qgPreparation of copolymerssaggagiatinasirhapngneltigeispbutylene 11

and triethylenetetramine bIocks in the same chain by reacting aqueous

14 The present invention is directed to a Mannich condensation product

15  sequestering agent or mixtures of Mannich condensation product

16  sequestering agents for use in fuels and lubricating oils. The present

17  invention is also directed to a method for preparing the Mannich condensation
18  product sequestering agents. The present invention is also directed to a

19 product formed by combining, under reaction conditions, a polyisobutyi-

20  substifuted hydroxyaromatic compound, an aldehyde, an amino acid or ester
21 thereof, and an alkali metal base to form the Mannich condensation product
22  sequestering agent. The present invention is also directed fo a lubricating oil
23 composition, a jubricating oil concentrate, a fuel composition, and a fuel

24 concentrate having the Mannich condensation product sequestering agents of

25  the present invention.

26  Accordingly, the present invention is directed to a Mannich condensation

27  product prepared by the Mannich condensation of:



320 substituted hy@ir&xg8r 8RR

12 formaldehyde with alpha-phenololigoisobutylene and
triethylenetetramine. 13 SUMMARY OF THE INVENTION 14 The present
invention is directed to a Mannich condensation product 15 sequestering
agent or mixtures of Mannich condensation product 16 sequestering
agents for use in fuels and lubricating oils. The present 17 invention is

talso directé to 22rREHSP RO prapartY e MarmAEonddn satiorP YR, wherein

sproduct sequestefingagesis  the;RapasidaMeBHAIR %Jé@/i@kﬁ%‘l@%éooéntaining
19 product formed by combiningggmder reaction conditions, a polyisobutyl
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condensation product 22 sequesteri%%ﬁ ent. The present invention is
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sition, a lubricating oil

concentrate, a fuel composition, and a fuel 24 concentrate having the

Mannich c%gdensation%%‘o uct sequestering agents of 25 the present
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invention.

X %;present invention is directed to a Mannich

condensation 27 product prepared by the Mannich condensation of: -7 1
7(@) a polyispbutylsubstinsed hydraronalisrRMpGHRd, wherein 2 the
polyisobutyl group is derived from polyisobutene containing 3 at least
about 50 weight percent methylvinylidene isomer and 4 has a number
saverage n@pcul%rnvg@j@nmﬁe&@e wagge of from 5 about 400 to about 5,000;
6 (b) an aldehyde; 7 (c) an amino acid or ester derivative thereof; and 8
(d) an alkali metal base. 9 In another embodiment the present invention is
Yirettethtdre MenbietiniEnt tnel pnsatiohipredtion peepiegote dyare Weamridh

1ﬁconggﬂagﬂggtf&fﬁ product prepared by the Mannich condensation of:

11
12

13

14
15
16
17
18
16

20

(a)

a polyisobutyi-substituted hydroxyaromatic compound having

the formula:

OH

wherein Ry is a polyisobutyl group derived from polyisobutene
containing at least 50 weight percent methylvinylidene isomer
and having a number average molecular weight in the range of
about 400 to about 5,000, R is hydrogen or lower alkyl having
one carbon atom to about 10 carbon atoms, and Rj is hydrogen
or ~OH;

a formaldehyde or an aldehyde having the formuta:

-8 -



11 (a) a polyisobutyl-substituted hydroxyaromatic compound having 12
the formula: OH Rz /R3 13 R, 14 wherein R, is a polyisobutyl group
derived from polyisobutene 15 containing at least 50 weight percent
methylvinylidene isomer 16 and having a number average molecular
weight in the range of 17 about 400 to about 5,000, R2 is hydrogen or
lower alkyl having 18 one carbon atom t@about 10 carbon atoms, and R3
is hydrogen 19 or-OH; 20 (b) a formaldehyde or an aldehyde having the
formula: -80 RJtH 1 2 wherein %\tl d or linear alkyl having one

1 carbon atom to 3 about 10 carbon atoms, cycloalkyl having from about 3
carbon 4 atoms to about 10 carbon atoms, aryl having from about 6 5
carbon atoms to about 10 carbon atoms, alkaryl having from 6 about 7

2 carbon atoms to ‘ﬂﬁ@ﬂ?'?d{ﬁgﬁﬁ%gﬁi% ‘5?&]&@?%%@%6%%’&?%9?9 atom to

3carbon atoms to abeut 20 eaReN KOMS; oF Ry ARHN QEIdarasiet 3 carbon

derivative thereof having the formblla. gIHZ W\ .
4 atoms fo about 10 carbon atoms, aryl having from about 6

5 carbon atoms to about 10 carbon atoms, alkaryl haVing from

6 about 7 carbon atoms to about 20 carbon atoms, or aralkyl

7 having from about 7 carbon atoms to about 20 carbon atoms;

8 (c)  an amino acid or ester derivative thereof having the formula:

NHs»
W

9 COA
10 wherein W is -[CHR"]- ,n wherein each R” is independently H,
11 alkyl having one carbon atom to about 15 carbon atoms, or a
12 . substituted-alkyl having one carbon atom to about 10 carbon
13 atoms and one or more substituents selected from the group
14 consisting of amino, amido, benzyl, carboxyl, hydroxyl,
15 hydroxyphenyl, imidazolyl, imino, phenyl, sulfide, or thiol; and m
16 is an integer from one to 4, and A is hydrogen or alkyl having
17 one carbon atom to about 6 carbon atoms; and
18 {d}  an alkali metal base.

19 In general, the principal Mannich condensation product of the invention can

20  be represented by the formula:



9 CO2A 10 wherein W is -[CHR"]-m wherein each R" is independently H,
11 alkyl having one carbon atom to about 15 carbon atoms, ora 12
substituted-alkyl having one carbon atom to about 10 carbon 13 atoms
and one or more substituents selected from the group 14 consisting of
amino, amido, benzyl, carboxyl, hydroxyl, 15 hydroxyphenyl, imidazolyl,
imino, phenyl, sulfide, or thipl; and m 16 is an integer from one to 4, and
A is hydrogen or alkyl having 1%6he carbon atom tg about 6 carbon
atoms; and 18 (d) an alkali metal base. 19 in general, the principal

Mannich condensation praduct-of-the invéntion Iﬁ\go be represented by
the formula: 9 OH Y Y (Z ( R, 1 n 2wherejn‘ach R is
independently -CHR'-, wherg as defined above, R1 3is a

polyisobutyl group derived ffor-paly sobutepéyconta ning at least 50 4
weight percent methylvinylidene Isomer anhaving a number average 5

molecular weight in the range of about 400 to about 5,000; 6 X is

hydrogen, an alkali metal ion or glkyl having one to about 6 carbon 7
1atoms; 8 W is-[CHR"]-m wherein each R" is ind ently H, alkyl having
“lone

wherein each R is independently -CHR'-, wherein R’ is as defined above, R4
is a polyisobutyl group derived from polyisobutene containing at least 50

weight percent methylvinytidene isomer and having a number average

[ B O B A

molecular weight in the range of about 400 to about 5,000;

o

X is hydrogen, an alkali metal on or atkyl having one to about 6 carbon

atoms:

8 W is —-[CHR"}- , wherein each R” is independently H, alkyl having one

9 carbon atom {o about 15 carbon atoms, or a substituted-alkyl having one
10 carbon atom to about 10 carbon atoms and one or more substituents
11 selected from the group consisting of amino, amido, benzyl, carboxyi,

12 hydroxyl, hydroxyphenyl, imidazolyl, imino, phenyi, sulfide, or thiol; and m is

13 an integer from one to 4,

14 Yis hydrogen, alkyl having one carbon atom to
15 CHR'OH, wherein R’ is as defined above,

16 or
Y‘\ /R\

™00,
S0 -

17

about 10 carbon atoms, -



9 carbon atom to about 15 carbon atoms, or a substituted-alkyl having one
10 carbon atom to about 10 carbon atoms and one or more substituents
11 selected from the group consisting of amino, amido, benzyl, carboxyl,
12 hydroxyl, hydroxyphenyl, imidazolyl, imino, phenyl, sulfide, orthiol; and
mis 13 an integer from one to 4; 14 Y is hydrogen, alkyl having one

1 carbon atontBeABBUY 15 ceBbri e ee8 BHRGHIGURERRPRYE 854 R. X,

o defined aboye, {1605 N R\ydieP2Kovd0 1 wherein Y is -CHR'OH,
wherein R' is as defined above; and R, X, 2 and W are as defined above;
3 Zis hydroxyl, a hydroxyphenyl group of the formula: OH 4 R1 5 or OH

3 R\NZ\¥ Hy@2Xy6 Rhyduereie Ry Bio0g, of thadoMmare as defined above,
8 and n is an integer from 0 to 20, with the proviso that when n = 0, Z must
be: OHN W

OH
=
AN
4 R
5 or
OH
R Y'
\N/
-/
W
\
CO,X
R
5 1
7 wherein R, Rq, Y', X, and W are as defined above,

8 and nis an integer from 0 to 20, with the proviso that when n = 0, Z must be:

OH
R Y
= \N/
W/
e
CO,X
Ry

11 -



CO2X 9 R, 11 I wherein R, R1, Y', X, and W are as defined above. 2
Preferably the R, polyisobutyl group has a number average molecular
weight 3 of about 500 to about 2,500. More preferably the R, polyisobutyl
group has a 4 number average molecular weight of about 700 to about
1,500. Most 5 preferably the R, polyisobutyl group has a number average
1molecular wgighin &RoRabutX,00ntd \Gbaiet as10eiTeR referably the R1
polyisobutyl group is derived from polyisobutene containing 8 at least
about 70 weight percent methylvmylldene isomer and more preferably

2the R efoRobae RyrBay RoaEE W&iﬁﬂ%ﬁ*ﬁ%|9.§Hﬁﬂﬁéﬁ@‘é%ﬁ%mais%%welg ht
390 JipisigidRetsemamethybinineas ieasghl i inthe eamBeung @foup has a

formula | above, preferably X is hydrogen, more 12 preferably an alkali

4me A TORCARY FBSE SROIERABR WeSILAT RbPUlY RPdAGREHEMBBRinIdRBLT
sthe ipveition; indhe, ampaimehnidiemuias apeyebddabdsRlkuealacies weight

from methyl or ethyl. 15 In a(greferre embodiment of the Mannich
EconpleARatbABtdaaadtthd 46 present invention R is CH2, R, is derived
from polylsobutene contalnlng at 17 least 50 weight percent

mber aver mole ular W ht in
Tine ARG S AR TG00 R0 160 FEes] H o LAam AR e aaiing
8n isd} t@a%@a%ﬁmm:gmmmehmwemmmmaaﬂm@teferably
a methad for, 21 ntl I|on ion an
oo bR TRBL T B LD DAL BB BHblaiping at least 00
10seqweajenpg:ttmwtnat&hrydmw;tlmwaddumarof 23 an effective amount of
the Mannich condensation product of the present 24 invention, as

described above. The method for preventing metal ion
11 In the compound of formuia | above, preferably X is hydrogen, more

12 preferably an alkali metal ion and most preferably a scdium ion.

13 In another embodiment of the invention, in the compound of formula | above,

14 Xis alkyl selected from methyl or ethyl.

15 In a preferred embodiment of the Mannich condensation product of the
16 present invention R is CHa, R4 is derived from polyisobutene containing at
17 least 50 weight percent methylvinylidene isomer and a number average
18  molecular weight in the range of about 700 to about 1,100, W is CH,, X is

19  sodiumion and nis 0 to 20.

20  Another embodiment of the present invention is directed to a method for

21 preventing metal ion catalyzed oxidation and polymerization reactions in a

22  hydrocarbon medium comprising seguestering the metal ion by the addition of
23 an effective amount of the Mannich condensation product of the present

24 invention, as describad above. The method for preventing metal ion

25 catalyzed oxidation and polymerization reactions is particularly suitable for

26  sequestering the metal ion by the addition of an effective amount of the

27  Mannich condensation product of the present invention in engine oil.

-1 -



25 catalyzed oxidation and polymerization reactions is particularly suitable
for 26 sequestering the metal ion by the addition of an effective amount of
the 27 Mannich condensation product of the present invention in engine
oil. -12 1 The present invention is also directed to a product formed by
combining, 2 under reaction conditions, a polyisobutyl-substituted

1 hydrosyaeseatio @cdinpdsiats adisdis fea gnegtrd et hansing 2oiag.

p€s Oﬁd@ﬂ?e%%t%woﬁdn%%P&%@tﬁemgﬁguﬁeﬁ%ﬁqﬁ,@%&%ﬂmam

product sequestering agent. 5 Another embodiment of the present .
3 inventmwigdirabteti@N s os8 sy TorGASE TG A NVREIH eRteonah satiaiall

4 Progluel Gomprs| @&m%ﬁ@n&aﬁnﬂwiﬁeh%s&%wdav%& Rydroxvaiarmatisent.

compound, wherein the polyisobutyl moiety is 8 derived from
polyisobutene containing at least 50 weight percent 9 methyivinylidene

5 isomesand aninsabeeaverage prelaswlanwaiait is themegeo Howbabsiifor
400 to about 5,000, an aldehyde, an amino acid or amijno acid ester 1

6 an@GRASHEIS A'GMIAR GRS Bralandy ¥ AChEBIAS B fERBID 3R poj‘ViSObUtyl'
7 polyisahitybguhstived dydsoyesaipatiacompasndtiselSolyisobutyl moiety is

polyisobutyl-substituted phenol wherein the polyisobutyl moiety is derived

8 14 BN GHIRBRAMRCEHBIRIAGURIREG Fo TGP vl percent
9 methytvipvlidenentSideprerantaneiensetarakly dhe pelisabulighoiethe range

is derived from 16 polyisobutene containing at least 90 weight percent

10 mefhAvRNAIABHAqRRAE 21908 SR AL W arfe AYHE R 36T RERYAGHd ester
11 pargferayidabyde: Meien18praterrbhethe fghulrsis paraformaldehyde.

19 Preferably the diluent is an alkanol having one carbon atom to about
10 20 carbon atoms. More preferably the alkanol is methanol. 21 _
12 Preffecabty ihyetha soigi sobalkdis niethilutyd roxitex ) ooepriéferablpabecdalkali
22mtall'%rxid is.sodium h ide. .23 The amin id or.ester :
13 de rR/OEYil\?g L e¥%g Eg’?sit%ﬁgcf rtrwﬁlﬁgf%/)%e?em?ihe SO?}/ISO%L?&PH?OES%’ is derived
14 from polyisobutene containing at feast 70 weight percent methylvinylidene
15 isomer and more preferably the polyisobutyl moiety is derived from

16 polyisobutene containing at least 90 weight percent methylvinylidene isomer.

17  Preferably the aldehyde is formaldehyde or paraformaldehyde. More
18  preferably the aldehyde is paraformaidehyde.

19  Preferably ihe diluent is an alkanol having one carbon atom to about 10

20  carbon atoms. More preferably the alkanol is methanol.

21 Preferably the base is an alkail metal hydroxide. More preferably the alkali

22  metal hydroxide is sodium hydroxide.

23 The amino acid or ester derivative thereof has the formula

NH;

/
W
™~
24 COA

13 .



NH2 W 24 CO2A -13 1 wherein W are as defined above and A is
hydrogen or alkyl having one 2 carbon atom to about 6 carbon atoms. 3
Preferably the amino acid is glycine. 4 In the above process the amino
acid may be added in the form of its alkali 5 metal ion salt. Preferably the
alkali metal ion is a sodium ion or a potassium 6 ion, more preferably the
1 alkali metathiereis dVsothums /dfiea W@r%ﬁﬁb%éﬁrﬁéﬁf%@ﬁ@ﬁ@gé%ﬂaw“9 one
2invention l?a%@r? 10:@ Wibkicating, 2ik8 ceapResition comprising a major
amount of an oil of lubricating viscosity and a 9 minor effective amount of
one or more of the above described Mannich 10 condensation products of
3themr@@egyiylwﬁwnbla@(ﬁug@y@ﬂmodiment of the present invention is
directed to a lubricating oil 12 concentrate comprising about 20 percent to
80 percent of a diluent oil of 13 lubricating viscosity and an effective
4 ambuhiteobboecgrnnuresoithembiovedid deseibettiNethridihe dpie sdatioalkali
products of t r i Te] gr' ' il Sjti .
S (e Whoaling a BoAeant are e rhara R Cr P ifssium
6 desigmeddceiprefevetilysprapkaiics @biterubricatdgmlica? A further
embodiment of the present invention is directed to a fuel composition 18
comprising a major amount of hydrocarbons boiling in the gasoline or

7 diedefutibeapganinentinbiere@rrPANYaRISR heisrivsdut theriging ol
gdesgribed 20 ManRichiSaRde AR RISGCET 8h1BE Hressmtdnrentisfosity and a

which has been 21 further reacted to remove/replace any alkali metal. In
Sgeriatapi oifedivo 2 AsiIrdIE 96F LTUBPARIGIRCHRAYB SISO @D Afannich

1 0ash, Fheseiaie itis-23 desiable fraeant fgsabane described Mannich

condensation products of the

11 A further embodiment of the present invention is directed to a lubricating oil
12 concentrate comprising about 20 percent to 80 percent of a diluent oil of

13 lubricating viscosity and an effective amount of cne or more of the above

14 described Mannich condensation products of the present invention. Both the
15 lubricating oil composition and the lubricating oil concentrate may contain

16 other additives designed to improve the properties of the lubricating oil.

17 A further embodiment of the present invention is directed to a fuel composition
18  comprising a major amount of hydrocarbons beiling in the gasoline or diesel
19 range and a minor effective amount of one or more of the above described
20  Mannich condensation products of the present invention which has been

21 further reacted to remove/replace any alkali metal. In general it is not

22  desirable for a fuel additive composition to contain ash. Therefore, it is

23  desirable to react the above described Mannich condensation products of the
24  present invention in such a way that any alkali metal salt present is converted
25 {0 an ammonium or other appropriate salt giving an ashless Mannich

26 condensation product.

~14 -



24 present invention in such a way that any alkali metal salt present is

converted 25 to an ammonium or other appropriate salt giving an ashless

Mannich 26 condensation product. -14 1 A further embodiment of the

present invention is directed to a fuel concentrate 2 comprising an inert

stable oleophilic organic solvent boiling in the range of 3 from about 65C
1to aBdutthederebretiroanbbbtivel 0 eetghiparoton te dbected Goaveightoncentrate
2per§%ﬂﬁ ﬁﬁ'ﬁ? 9k fRare gL e 8%%\@% fﬂ%%ﬁfd;%%%'\éé‘ﬂ%ﬁpb%fﬁﬂ'gcﬁr{ﬁ%“%ge of

of t IC S

product present invention w has been further reacted 6 to

Srenfovey@placs aty @m%@%@m.fmmhém@hmmw%aﬂamo about
4pro 6%@@!1&?%%%%@4% ommaxfiee b8 & employselas fisperaants

in lubricating oil. For use as dispersants in fuels the 9 alkali metal ions in
SManaitersadensagsh pr of tots es eapiarea ivthocdnhas Miash ibhganreacted

6Am9@%ﬁge§é pecﬁ%{ etgﬁypéﬁ(scﬂpmgyﬁrg}ggéﬁpased upon the discovery

that 12 annich condensation products of the present invention are
effective in 13 sequestering metals, especially Fe+3, and preventing

7metahioneatabredndérdtaton-andcpobiesizadoanteaciensnyhile also be

maintaining sufficient oil 15 solubility for use in lubricating oils and fuels.

816 BEPAVELADESERRFAIBN GIEASANAGENTIORPEL I TERRITIONS fuels the

918 AnHreddisreins thenrliovingdesmsbavedhe deliowsnganeprines with
unless 19 expressly stated to the contrary: 20 The term "aldehydes" as

10useBMBIFIAYEE S formaldehyde or aldehydes 21 having the formula O
R'~P3

11 Among other factors, the present invention is based upon the discovery that
12 the Mannich condensation products of the present invention are effective in
13 sequestering metals, especially Fe*™ and preventing metal ion catalyzed
14 oxidation and polymerization reactions, while maintaining sufficient oil

15 solubility for use in lubricating oils and fuels.
16 DETAILED DESCRIPTION OF THE INVENTION

17 DEFINITIONS

18  As used herein, the following terms have the fellowing meanings unless

19 expressly stated to the contrary:

20  The term “aldehydes” as used herein refer to formaldehyde or aldehydes

21 having the formula
O

R'/LLII

22

-15 -



22 -15 1 wherein R' is branched or linear alkyl having from one carbon

atom to about 2 10 carbon atoms, cycloalkyl having from about 3 carbon

atoms to about 10 3 carbon atoms, aryl having from about 6 carbon

atoms to about 10 carbon 4 atoms, alkaryl having from about 7 carbon

atoms to about 20 carbon atoms, 5 or aralkyl having from about 7 carbon
1atombeeabBut2breartien atoinsad Regrbsentgtiveraldehyceb doraleaiio about

2ihe preBaaion oriteMannieh F.8ondanSATan pIosalR SR AIes thout 10

invention inclu

€, bt dre notlimite aldehydes suc

3formattiehystenasetajtiebyde; rropiehaldehgdeod laﬁmyraléj@lamm‘{ 10 carbon
veleraideyge, ceproaldenyde and hontaldehyele, Aromags, A0SR om,

are also con

eémbplated for use In the preparation of theé Mannic

5condeasdtignprodgdts of aheydrésenbimvettion, sughas Bénzaldenydems.
and 12 alkylbenzaldehyde. Para-tolualdehyde is an example of an 13
alkylbenzaldehyde. Also useful are formaldehyde producin%reagent_s

Bsucheptess piathierAdRivRyad aneradidbadIGRaRdeRy ok

BibfRMRSCh

7as Tosmaling B Adehvdesnest prefarreshiasiirmimingds, the: RiePamtRfted to

of the Mannich 16 condensation products of the present invention are

Sparafthwdiealieievdng stehamiaimnald Xvdryaestrleshyrserepionaidenyde,
oin the inthedaparaticnf the dManaish 1 tapiensatihpdusiss! Mi®matic

present invention are paraformaldehyde and 20 formalin. 21 Preferabl )
M%]mch

10the alidrehydiesiafe mhiaehyiga migteshivaleRyadhs Rieam aliar o2 5e
14inclyding-aasaoHs iiicand t%%'igré%@iﬂ‘ﬂﬁl@ér@?o%%%%yﬁa%%enzaldehgde and

formaldehyde is the monomer CH20 and the trimer, (CH20)3: (trioxane

12navitilyyDgnraltsivdr: Jraisfrligrldetyge is an example of an

13
14
15
16
17

18
19
20

21
22
23
24

25

alkylbenzaldehyde. Also useful are formaldehyde producing reagents, such
as paraformaldehyde and aqueous formaldehyde solutions such as formaiin.
Aldehydes most preferred for use in the in the preparation of the Mannich
condensation products of the present invention are paraformaldehyde and

formalin.

Aldehydes most preferred for use in the in the preparation of the Mannich
condensation products of the present invention are paraformaldehyde and

formalin.

Preferably the aldehyde is formaidehyde. By formaldehyde is meant all its
forms, including gaseous, liquid and solid. Examples of gaseous
formaldehyde is the monomer CH,0 and the trimer, (CH,0); (trioxane) having

the formula given below.

PN

CHZ CHQ



CHa CH, 00 25 CH, -16 1 Examples of liquid formaldehyde are the
following: 2 1. Monomer CH20 in ethyl ether. 3 2. Monomer CH20 in
water which has the formulas CH2(H20)2 (methylene 4 glycol) and
HO(-CH20)n-H. 5 3. Monomer CH20 in methanol which has the formulas
OHCH20OCH3 and 6 CH30(-CH20)"-H. 7 8 Formaldehyde solutions are

1 corfimmmrgiddly eiViailaibl écirmakiten wiel sarithes 9iblsohgls. In water it is
available as a 37% - 50% solution. Formalin is a 37% 10 solution in
water. 11 Formaldehyde is also commercially available as linear and
2 cyclic (trioXamemep pblymher$hm e Polymers may be low molecular
weight or high molecular_ 13 weight polymers. 14 The term "alkali metal”
9 3 3 DM L&ﬂethy!ene

3 as used hEIRIPARESS ts S RUFIHN W Hee 19 Pukbue PABR:

4as Iithium,@;@gjjgrg@npﬁ@@l@g@@m-ﬂﬁ The term "amino acid or ester
derivative thereof" as used herein refers to 17 amino acids having the

5 formulg NIt nhiksy CORS ihIniesein Whis HGHR e fomhersioesCh RIAH; and
independently H,ﬁlkyl 20 having one carbon atom to about 15 carbon
6atoms, or 5'3ei5t ti]iég) I-alkyl having one carbon atom to about 10

7carbon atoms and one or

Formaldehyde solutions are commercially available in water and various
alcohols. In water it is available as a 37% - 50% solution. Formalinis a 37%

10 solution in water,

11 Formaldehyde is also commercially available as linear and cyclic (trioxane)
12 polymers. Linear polymers may be low molecular weight or high molecular

13 weight polymers.

14 The term “alkali metal” as used herein refers to Group | A metals of the

15 Periodic Table, such as lithium, sodium and potassium.

16  The term “amino acid or ester derivative thereof” as used herein refers to

17  amino acids having the formula

NH;
y /
™~

18 ' | COA
19 wherein W is —-[CHR"}- s wherein each R” is independently H, alkyl
20 having one carbon atom {o about 15 carbon atoms, or a substituted-
21 alkyl having one carbon atom to about 10 carbon atoms and one or
22 more substituents selected from the group consisting of amino, amido,
23 benzyi, carboxyl, hydroxyl, hydroxyphenyl, imidazolyl, imino, phenyi,
24 sulfide, or thiol; and m is an integer from cne to 4, and A is hydrogen or

17 -



1

3
4

22 more substituents selected from the group consisting of amino, amido,

23 benzyl, carboxyl, hydroxyl, hydroxyphenyl, imidazolyl, imino, phenyl,

24 sulfide, or thiol; and m is an integer from one to 4, and A is hydrogen or

-17 1 alkyl having one carbon atom to about 6 carbon atoms. Preferably

the 2 alkyl is methyl or ethyl. 3 The term "amino acid salt" as used herein
refers to sakyl dfzammoreidsrbbhating thestorm@achiti2neBIGO2NreBerably the
Whereln Wfks def't'?w ?or < and M is an alkali metal ion. Preferably 7
M is a soditi |¥1 ion or ay otassﬁljm ion. More preferably X is a sodium 8 ion.
9 The term "base" as used herein refers to alkali metal hydroxides and
alkgli 10 metalalkoxidas freferabbythe asede anglkalimatabhvdraxide
selected 11 from the group consisting of sodium hydroxide, lithium
hyddwice bepgetadsidm 12 hydroxide. More preferably the alkali metal
hydroxide is sodium hydroxide or 13 potassium hydroxide. 14 The term
“color test" as used herein refers to the colglrhtest used for 15
determination of the ability of the Mann;h coridensation products of the
16 present invention to sequester Feg3 ions. The test is briefly described
below: 17 Test for Iron Sequestering Ability 18 The test used for iron

5 sequestering ability was as described in U.S:®#tent No. 19 4,387,244. A

0.15 to 0.25 gram sample of the Mannich condensation product 20 is
placed into an 8 dram vial to which is added 15 milliliters toluene and 21

-6 shaken t¥/RBRBYEhERFSNIENES FhfNRANE 108 AbRIKIbINRSH dprelrgferably

7
8

10
11
12
13

14
15
16

17

18
19
20
21
22
423
24

in M is a sedium ion or a potassium ion. More preferably X is a sodium

jon.

The term “base” as used herein refers to alkali metal hydroxides and alkali
metal alkoxides. Preferably the base is an alkaii metal hydroxide selected
from the group consisting of sodium hydroxide, lithium hydroxide or potassium
hydroxide. More preferably the alkali metal hydroxide is sodium hydroxide or

potassium hydroxide.

The term “color test” as used herein refers to the color test used for
determination of the ability of the Mannich condensation products of the

present invention to sequester Fe™jons. The test is briefly described below:

Test for iron Sequesterihq Ahility

The test used for iron sequestering ability was as described in U.S, Patent No.
4,387,244, A 0.15 1o 0.25 gram sample of the Mannich condensation product
is placed into an 8 dram vial to which is added 15 milliliters toluene and
shaken to homogeneity. Next 15 milliliters 0 0.05 molar solution of FeCls in
water is added to the vial and the vial is mechanically shaken for one hour.
The contents of the vial are allowed to separate and the toluene layer

changes color from yellow to purple, as evidence of iron being chelated, in the

-18 -



22 water is added to the vial and the vial is mechanically shaken for one
hour. 23 The contents of the vial are allowed to separate and the toluene
layer 24 changes color from yellow to purple, as evidence of iron being
chelated, in the -18 1 presence of the Mannich condensation product

sequesterin nts,of the, 2 present invention. 3 The term “hydroxyl
B A O BV e R B E Bl S e A ey Arssie of he
2reqpieatio ingatidtize the polyisobutyl-substituted phenol per gram 5 of

sample (milligrams KOH per gram sample). 6 The term "inert stable

oleophilic organic solvent" as used herein refers to 7 solvents that _
3disddiedanryabpiirest tissbefles PRt RBY helfretetitenslitdpirotassium

4 orggg&%s)%/g LIS, R AP AL S ANAREORANS SYHRASaTben s G HerDPEER gram

as bénzene, toluene, xylene or higher-boiling aromatics or aromatic 10

Sthinvless MulipHanitiatastolsHavies 96 8608!8)earbon atoms to about 8
11 carbon atoms may also be used in combination with the hydrocarbon
12 solvents. Aliphatic alcohols contemplated fPr use in theﬁ)resent

6invéfr§‘r?oi??5[?b”‘@@%%MB%%?HE@&RWW&V& ufhBPEHA e e G ©

7 ThesvantVannih sondansalianinsosiugie sl Ared Peegingefietaddraert stable
mixture 15 of products obtained b tgﬁé:ondensation of a

. 1ed by

8polshlicmsatined Y8 Ty A ARIAHGE CESM FERRE indvahogadigrugolvent,

9ﬁndgaeria§;&a2&|sh§;q@ma§e%m§rrﬁr@ gmgﬁ%mﬁxamm@esag@immmaﬁc
avmgt e rormulas given Delow. e ormu given pelow ar

10prolTHUREERly AP SE o SRR R FREH 19 COmAS D o about 8

11progugts heliswed Huberbibe perRgent daveblieniandvaretneth 2orbusended

to exclude other possible Mannich cond ns%;léi n products that mar}/ 21 be.
124orBlY 68iAg 1 SR ROBPIRS BRESBRTS (b HoBIT RRNGAGEC venton are

13 isopropanal, isobutyicarbinol, n-butanol and the like.

14 The term “Mannich condensation product” as used herein refers to a mixture
15  of products obtained by the condensation of a polyisobutyl-substituted

16 hydroxyaromatic compound with an aldehyde and an amino acid, such as,

17  glycine, to form condensation products having the formulas given below. The
18 formulas given below are provided only as some examples of the Mannich

19 condensation products believed to be of the present invention and are not

20  intended to exclude other possible Mannich condensation products that may

21 be formed using the methods of the present invention.

OH
R H
\N/
e
W
\
CO,X
R

22
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W/CO2X 22R190HH 14NRRNW/W/ CO2X CO2X RI 1 OH
OH TR AN/RW C02X 2RIRI OHOHRN/RR-~,NH W/W/C02X

C02X 3 RIRI OH OH HEN R RNR RNH W UwC UK C02X CO2X C02X
4RIRt 5

OH
H R R H
\N/ ~y
S S
W W
N\ N
CO,X CO,X
Ry
OH OH
R R
~y
S
W
\
CO»X
R, R,
OH OH
R R R H
~y S
S e
W W
\ \
CO,X CO-X
Ry R,
OH - OH
H R R R R H
g \N/ 7
/ / /
W W W
\ \ \
CO,X COLX CO,X
Ry R,
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-20 OH OH OH RAN/R RANR CO2X CO2X 1 RIR, 2 wherein R, R,, X
and W are as defined above. 3 The Mannich condensation products
shown above may react further with an 4 aldehyde and an amino acid to
form larger oligomers. 5 Preferably the R, polyisobutyl group is derived
from polyisobutene containing 6 at least 70 weight percent
methylvinylidegﬁisomer and more prefeEﬁQIy theR, 7 polyisobutyl(g;ﬁ)up
is-derived fromy polyisobutene containingiat least 90 weight 8 percent '
methylvinylidene isomeg. 9 In a greferred embodiment of the Mannig
condensatjgrprodyets Ris,CHZ, 715 derived fropy-poly
containing| at least| 50 weight percent 11 met
ole@llar weight lof abou :
odium ioC C’kThe tem ol of lubricating viscosity;
used herein refers to lubricafifg oils 14 which may bé nineral oil o
synthetic oils g ]Iubricating viscosity and @5 preferably useful in theR]
1crankcase of an internal combustion engine. 16 Crankcase lubricating oils
ordinarily have a viscosity of about 1300 17 centistokes at -17.8C to 22.7
centistokes, at 98.9C. The lubricating oils may 18 be derived from
stnthetic Wéﬁi?ﬁé%r&?ﬁﬁ%ﬁ%ﬂ%&%& %8 %woé{ Base 19 oil in this
invention includes paraffinic, naphthenic and other oils that are 20
3 OrdA SRR LNEAURGA FORRASIURBR =yRKNRIR QIS IR RLr with an
hydrocarbon synthetic oils, synthetic esters and Fischer-Tropsch derived
4dbasgidebysie weefansymninetrRoHyHrdedbbriasisakeriiefquid polymers of

alpha-olefins -21

Preferably the R polyisobutyl group is derived from polyiscbutene containing
at ieast 70 weight percent methylvinylidene isomer and more preferably the R4

polyisobutyl group is derived from polyisobutene containing at least 90 weight

e~ O Or

percent methylvinylidene isomer.

9 In a preferred embodiment of the Mannich condensation producis R is CHa,
10 Rjis derived from polyisobutene containing at least 50 weight percent
11 methylvinylidene isomer and has a number average molecular weight of about
12 700 to about 1300, W is CH», and X is a sodium ion.

13 The term “oil of lubricating viscosity” as used herein refers to lubricating oils
14 which may be mineral oif or synthetic oits of lubricating viscosity and

15 preferably useful in the crankcase of an infernal combustion engine.

16 Crankcase lubricating olls crdinarily have a viscosity of about 1300

17 centistokes at -17.8°C to 22.7 centistokes at 98.9°C. The lubricating oils may
18  be derived from synthetic or natural sources. Minerai oil for use as the base
19 oil in this invention includes paraffinic, naphthenic and other oils that are

20 ordinarily used in lubricating oil compositions. Synthetic oils include

21 hydrocarbon synthetic oils, synthetic esters and Fischer-Tropsch derived base

22 oil. Useful synthetic hydrocarbon oils include liquid polymers of alpha-olefins

L



1 having the proper viscosity. Especially useful are the hydrogenated
liquid 2 oligomers of C6 to C12 alpha-olefins such as 1-decene trimer.
Similarly, alkyl 3 benzenes of proper viscosity, such as didodecyl
benzene, may be used. 4 Useful synthetic esters include the esters of
both mono-carboxylic acids and 5 polycarboxylic acids as well as
1 mdmmh@tbeypaﬂmcﬁsemﬁpoIiﬁslisefﬁwgcalsﬁtdmmmmmd@ﬂmtﬂeﬁl fiquid
, dippte, pentaprhioptetracapoate, di-gieinvnexd Ladibale, simiany. ak
d| I ﬂ?ls&acate plex d8ters reeglreé3 from 25 mixtiras”” Y
3 of memermujcdlgﬁamm«yhcmtq mmeﬂmm@dylwemylajkaaglee%em.

als sed. Blends fhydr carbon oils and syn etlc 0|Ism Q be.
L0 Ve T RS i B 10 R bETOBhL I8 e LG anc
511 pgb}mgena;eid éeitm:eeemtalﬂrm witim @£ &ymgm pémeniﬁter@ﬁ)wmygim Typlcal

percent 2 683 3 ce tlstokes 8t 37.8C m| %{P es an ex ellentoil

base(ai[g e term. pgl?/?o utﬁaé(ra’p ylso {%ue t ag uds' dethyihexy

7 hereitipeierd itéatheisb«b@myﬁabdtyhemﬂhetlttﬁenthpmmequ»xyammm
nn e oI isobutyl 15 s bstlt ent hasa er avera e
wega ?ln Re ﬁanﬁare%féb g %%nlgre%gﬁag]%%gmxv alkanols
9 polytsokigyl memeadhaBIandﬂniﬁérydvemgechnfmmmmmgthnSMay also be
range of out500 out, 2,500 Mare preferably, 18.the p |sobu I
10 o haoh RABEP A IR T R G e AR o
11 70%;@ Wa@emmmmmwmmmym mcﬁétyvbaﬁwtaﬁhacent

r av moI k ht in, th e of abouyt 700 1q about
%g ePaSbﬁ/ﬁ[%lregat ac:hmen| O]‘!?He pol?lpsgéu l)'}leéwuk{))siﬁue At to the
22 hydroxyaromatlc ring is para to the hydroxyl moiety in at least 60

13 per‘?ﬂ@t@@n‘?%ﬁ%@uﬂ?@ﬁ?&?@&EHEFY@HE%%&@%P%M%‘HJF%%FHQ@WS to the

preferably the 24 attachment of the polyisobutyl substituent to the

14 hydpekyaediatis Hegiiagrdran ZBQ&M%CHW@{VB%W’[Q inl&eldwdyigobuty!
15PerceRL Al they %@'QHWHBQP%&%QH%B i RREAghNA 8eY e @ about 400

most preferably the attachment of the 27 polyisobutyl substituentto the

16 hydfospardrbalROingref pratdhaaopidseRity| moiety has a number average
17  molecular weight in the range of about 500 to about 2,500. More preferably

18  the polyisobutyl moiety has a number average molecular weight in the range
19  of about 700 to about 1,500, and most preferably the polyisobuty% moiety has

20 anumber average molecular weight in the range of about 700 to about 1,100,

21 Preferably the attachment of the polyisobutyl substituent to the

22  hydroxyaromatic ring is para to the hydroxyl moiety in at ieast 60 percent of
23  the total polyisobutyl-substituted phenol molecules, more preferably the

24 attachment of the polyisobutyl substituent to the hydroxyaromatic ring is para
25 1o the hydroxyl moiety in at least 80 percent of the total polyisobutyl-

26 substituted phenol molecules, and most preferably the attachment of the

27  polyisobutyl substituent to the hydroxyaromatic ring is para to the hydroxyl
28  moiety on the phenact ring in at least 90 percent of the total polyisobutyl-

29  substituted phenol molecules.
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28 moiety on the phenol ring in at least 90 percent of the total
polyisobutyl- 29 substituted phenol molecules. -22 1 The term
"polyisobutyl-substituted phenol" as used herein refers to a 2

polyisobutyl-substituted phenol ring. The polyisobutyl-substituted phenol is
3 derived from polyisobutene containing at least 50 weight percent 4

1 mefthiylyteytidgneisommety! Prefetably dhen puMiSabm@é@Mute@f@mm is
5de”YedoféB'£rgp°'%si‘% uia %Con'ia'”'”gﬁq'eaé At R BNE RSN Mo is
methyii dhtr more referably 1¥1

ene isomer more prefera

Ayli

3polyischatyfrsubstityiedbéiphenalrisadenyed feaist bOlyisddtereasaritaining
at Ieas out.90 weight 8 thylvinyl den erm
seaﬁ ept%rln liden (%)Qmerp eﬁ% er%_:l‘ Pée 150 u%q S%htutef[ ltaol is

ag en as useda nereinr comp

5a rr@éazkxatbfmbe;m@psdkmﬁmmmaﬂrdn@aﬂlaesshgtmmio]’ébwde@‘ﬁftmmém

com b neutrallzm or controlling,harmful metal,i |on
etléy?\hn leﬁr%}a isnogmc?’l or %Ueloi% Hrhi te%rb}T \W\/W ES_LO W%I%?%Ed

7enggmre>mﬁhs cﬁsiusédrbenmnIg&e@temh$m£n@@@tesama®emmm WEGt
L 78-T- 97 gEIvmvhc? -T-99 respectively, 15 published by the

Coéjrﬁlﬁatmg uropean

Counci C) for the Development 16 of

Performance Tes’gs for Transportation Fuels, Lubricants and Other Fluids.
17 YRless pReOuRe; igdeAll PLCENRNPRAEINUYEINERYISHBANMS that

the 18 pressure is atmospheric pressure. 19 The Mannich Condensation
10Probiatt 20natakaiesadedvasretvd BlePRES P TR RS ORratdR b0l the
11Manpich, 2hSonieasation, RLABGL BreRHee Ry he MRINARCPRARNSIMN s

of a 22 g)ol yisobutyl- substltuted hydroxyaromatic compound, wherein the

12polyi€o

LtyR kgeratinhad pufkser average molecular weight in the range

of from about 400 to 24 about 5,000, an aldehyde, an amino acid or ester
mderlv%tlve thereof,

e term VW Ta DI- 1aand VW TDI-2 engine tests” as used herein refers {o the

14 engine test procedures CEC L-78-T-97 and CEC L-78-T-99 respectively,

15 published by the Coordinating European Council (CEC) for the Development
16  of Performance Tests for Transportation Fuels, Lubricants and Other Fluids.
17 Unless otherwise specified, all percentages are in weight percent and the

18  pressure is almospheric pressure.

19 The Mannich Condensation Product

20 Inits broadest aspects the present invention is directed to a Mannich

21 condensation product prepared by the Mannich condensation of a

22  polyisobutyl-substituted hydroxyaromatic compound, wherein the polyisobutyl
23 group has number average molecular weight in the range of from about 400 to
24 about 5,000, an aldehyde, an amino acid or ester derivative thereof, and an
25  alkall metal base.

W23 .



1

25 alkali metal base. -23 1 General Procedure for Preparation of Mannich
Condensation Product 2 Sequestering agents 3 4 The Mannich
condensation products of this invention are prepared by 5 combining

under reaction conditions a polyisobutyl-substituted 6 hydroxyaromatic
compound, wherein the polyisobutyl group has a number 7 average
molecul@eweighPir ted vam frer 6 froamatiout 4 G about 5O G:adieng-roduct

2aldehyde an amino acid or esteg grlggﬂ f'ﬁqgf,%rﬁ% and an alkali metal
base. 9 The reaction can be ca or in continuous or

3semi 10 continuous mode. 11 Normally the pressure for this reaction is

4 2tmaspheric, bt he reaction. %&&Q%Pﬁ{ %dsre ared by
h Hr B

atmos heFic OF super atmosp

ric pressure | |red

5tentpm’é1megomhw reaction mﬁﬁﬂyw@d&@yﬂiﬁbuﬁm@@batméa@nge for

oL AR R s el m e

?17 mhermnmena},abm@med thet nautlge pridsemceatoid dilidatairaut 5,000, an

mmtﬁ’d%f‘?f %8 llé%w"?'og ﬁ&%%t@r%%%ﬁé?btﬁ?eéﬁa%ﬁfﬁ&%%%%ta| base.

|nto |nt|ma

act WI'[ each other in order em to react IS IS

9an fﬁhmormm candigerativecbechbatotheistarting rmatdinalederahee mi-

MannlcrI %%ncslerﬂ%%téon 21 products of the present invention include the

elatively ely non polar polyisobutyl- 22 substituted hydroxyl aromatic

compounds and the relatively polar amino acid 23 or ester derivative

11therggfnLIf DRI SIU&NRCESS BT 1R ARHaR SIEARISH IR 24uieRelitfhction may

conditions or diluents that will dissolve all the starting materials. 25

12dilubpteaBIanis YEHBAGH PRESRIRCSRpSHIE Of BHSSIAREaRR StHpIgSsure If

13MalgEGled.

14 The temperature for this reaction may vary widely. The temperature range for
15 this reaction can vary from 10°C to about 200°C, preferably from about 50°C
16 to about 150°C, more preferably from about 70°C to about 130°C.

17 The reaction may be carried out in the presence of a diluent or a mixture of

18 diluents. 1tis important to ensure that the reactanis come into intimate

19 contact with each other in order for them to react. This is an important

20 consideration because the starting materials for the Mannich condensation

21 products.of the present invention include the relatively non polar polyisobutyl-
22  substituted hydroxyl aromatic compounds and the relatively polar amino acid
23  or ester derivative thereof. It is therefore necessary fo find a suitable set of
24 reaction conditions or diluents that will dissolve all the starting materials.

25  diluents for this reaction must be capable of dissolving the starting materiais
26  of this reaction and allowing the reacting materials to come in contact with |
27 each other. Mixtures of diluents can be used for {his reaction. Useful diluents
28  for this reaction include water, aicohols, (including methanol, ethanol,

29  isopropanol, 1-propanol, 1-butanol, isobutanol, sec-butanol, butanadiol, 2-

30

ethyihexanol, 1-pentanci, 1-hexancl, ethylene glycol, and the like), DMSO,
-24 -



26 of this reaction and allowing the reacting materials to come in contact
with 27 each other. Mixtures of diluents can be used for this reaction.
Useful diluents 28 for this reaction include water, alcohols, (including
methanol, ethanol, 29 isopropanol, 1-propanol, 1-butanol, isobutanol,
sec-butanol, butanediol, 2- 30 ethylhexanol, 1-pentanol, 1-hexanol,
1ethyletre, gﬂmBlA,adf@Iltha@lﬂee)d@M’ﬁ@,,val’k@nlsl\dslﬂ%rﬁwmme@aﬁewm ether, THF,

d|g me v ers |nclud diet Iether TH 2 diphenylether
2o P R T i BARRY AT e n A A uene.
30- x}den@emﬁh@dmena,Wledyeweeswmeeamemwlld(@ #esidrs; Ikalkanass,
(inclydin hexane, he tane octan andt e like), a ious
TSP AR QORGSR B SRR 80 h G ST i%%e?%ee o
Soilsy paiyaiptotelinsdrisoltesttrdpsehtdsisvedchatiapi (&hchdala&rhke;is? 150
and mixtu of these diluen tures dllue thatf two a 8.
O A e T RS m A A S Tt R Al e T,
7Thea|reaﬁtlmmawbe}eaai@meutmyrﬂrstmbﬁgmh\mts/dinaxyammmpﬁm%
nd Wlt the IkaI| Ibase follgw. thea n of the.amino

A e AL ate e At AarS (e i T

ester 12 derivative thereof may be reacted with the aldehyde followed by

che PAditioniL3 o thaRvdipxyaramaticiearpoundand Hirialkah FBﬂQEc

base, etc. 14 It is believed that the reaction of the amino acid, Such as

10g|yc;iﬁewwmerwmsta@ra}&ﬁkr@m@%éeﬂsgld@ﬂﬁéffaqubwd@ aslstficasof the amino
1 1f°rr’%@lﬁ%@ﬁe%&@%‘ﬁQ?@o#gdatﬁ{@ﬁfa@f:ﬁng%r B O NGO or ester

COOH+HHOHHO rNCOO
12 denvative thereof may be reacted Wﬁh the aldehyde followed by the addition

13 of the hydroxyaromatic compound and the alkali metal base, etc.

14 ltis believed that the reaction of the amino acid, such as glycine, or ester
15 derivative thereof, plus the aldehyde, such as formaldehyde, may produce the

16  intermediate formula

NH COOH
e
/\ 4 g |
OH

HN COOH H H

17

18  which may ultimately form the cyclic formula

.05 .
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18 which may ultimately form the cyclic formula -25 COON COOHNN N)
COOH 1 2 Itis believed that these intermediates may react with the
hydroxyaromatic 3 compound and the base to form the Mannich
condensation products of the 4 present invention. 5 Alternatively, it is
believed that the reaction of the hydroxyaromatic compound 6 with the
aldehyde may produce the intermediate formula @H@H 7 x, 8 Itis also
believed that this intermediate may react with the amino acid or ester 9
derivative thereof and the bas orm.the-Manrich condensation product
of 10 the present inveftigiHl1 The Rime of the reaction can vary widely
depending on the temperature. The [12 reactipn time can vary between
0.1 hour to about 20 hours, preferably-fto 3 about 2 hours to about 10
hours, more preferably from about 3 hours to about 14 7 hours. -26 1 The
charge mole ratio (CMR) of the reagents can also vary over a wide range.
2 Table | below gives a listing of the different formulae that can arise if
different 3 charge mole ratios are used. At a hiflithum the oil-soluble
Mannich 4 condensation products that sequester Fe +3 should preferable

contain at least _ '
lt is believed that these intermediates may react with the hydroxyaromatic

compound and the base to form the Mannich condensation products of the

oresent invention.

Alternatively, it is believed that the reaction of the hydroxyaromatic compound |

with the aldehyde may produce the intermediate formula

OH

OH

Ry

it is also believed that this intermediate may react with the amino acid or ester

derivative thereof and the base to form the Mannich condensation product of

11
12
13
14

the present invention.

The time of the reaction can vary widely depending on the termperature. The

reaction time can vary between 0.1 hour to about 20 hours, nreferably from

about 2 hours o about 10 hours, more preferably from about 3 hours to about

7 hours.

.26 -



5 one polyisobutyl-substituted phenol ring and one amino acid group -
connected 6 by one aldehyde group and one alkali metal. The
polyisobutyl-substituted 7 phenol/aldehyde/amino acid/base charge mole
ratio for this molecule, also 8 shown in Table | below, is1.0:1.0:1.0:
1.0. Other charge mole ratios are 9 possible and the use of other charge

1 moteEatips-gamiead igithepredustion ok LR differentimelegules.et a wide range.

different formulas. 11 Table | 12 Product Polyisobutyl-substituted phenol..
2 ldegie CAREAES SO EAS 678 L GT - TNaL G eree 1 aiferent

DY R

3 1.02:02:02:810 Mtice QN €@ RAl 2iRinRibh thDGiLsdIuBle Marnmich----
lyisobutyl-substituted phenol : aldehyde amino
B 5L B A1EaD PRI, Ppam at least

one polyisobutyl-substituted phenol ring and one amino acid group connected

4
5
5
7
8

9
10
11

12

Product Po

aciBEEOPEERIR s HCt

by one aldehyde group and one alkali metal. The polyisobutyl-substituted

phenol/aldehyde/amino acid/base charge mole ratio for this molecuie, also

shown in Table | below, is 1.0:1.0: 1.0 : 1.0. Other charge mole ratios are

possible and the use of other charge mole ratios can lead to the production of

different molecules of different formutas.

Table |

Product Polyisobutyl-substituted phenoi : aldehyde ; amino acid : base
(CMR)
PPN 1.0:1.0:1.0:10
) <

1.0:20:20:20

20:20:1.0:1.0

L97 .




Y iY R.R. 2 All these products arising from other charge mole ratios may
all be present 3 alone, as a single component, or as combinations of
several components in a 4 complex mixture of products. 5 In the broadest
sense the polyisobutyl-substituted phenol : aldehyde : amino 6 acid: base
CMR can vary from 1.0 t0 20.0 : 1.0t0 39.0: 1.0 t0 20.0: 1.0to 7 4.0.

Preferably the polyisobutylisubstituted phenol : aldehyde : amino acid 8

base CMR@&tvary from 1’%@&9@%@5@4&&@%94@0@*.Q;\I:dt];rglég 3afhino acid : base

More 9 preferably the polyisobutyl-substituted phenoLc'aﬁEgahyde ;. amino
acid : base 10 CMR can vary from 1.0t0 3.0:1.0t05.0:1.0t03.0: 1.0
to 2.0. Most 11 preferably the polyisobutyl-substituted phenol : amino acid

Taldehyde'base 12 CMR[is 1 :1:2:1. 13 Compounds suitable for use in

the preparation of thesMannich condensation 14 pragduct t%e resent
inentior ay L\f@ﬁ.«b%?w 15 16 -28 1 Polyiso u(?yfg"&!b's%ﬁté o

hy@ggx i jg\_acdﬁpéund 2 A variety of polyisobutyl-substituted
hydroxyakomatic compounds can be 3 utilized in the preparation of the
Mannich condensation products of this 4 invention. The critical feature is

that the polyisobutyl substituent be large 5 enough to impart ail solubility
to the finished Mannich condensation product. 6 In general the number of

carbon atoms on the polyispbutyl substituent graap: % thatzage: required to
@? 0|u ity &f thie|Mannich condensation product 8 is on the
order of.aboyt C2@-andtigher. This corresponds to a molecular

Ry

i

o o~ M,

11
12

13
14

15

All these products arising from other charge mole ratios may all be present
alone, as a single component, or as combinations of several components in a

complex mixture of products.

In the broadest sense the polyisobutyl-substituted phenol : aldehyde : amino
acid: base CMR canvary from1.01020.0:101t039.0:1.0tc20.0: 1010
4.0. Preferabiy the polyisobutyl-substituted phenol : aldehyde : amino acid :
base CMR can vary from 1.0t0 5.0:1.0t0 10.0: 1.0t06.0: 1.0 to 3.0. More
preferably the polyisobutyt-substituted phenol : aidehyde . amino acid : base
CMR can vary from 1.0t0 3.0 : 1.0t0 5.0 : 1.0t6 3.0: 1.0 10 2.0. Most
preferably the polyisobutyl-substituted phenol : amino acid : aldehyde : base
CMRis1:1:2:1.

Compounds suitable for use in the preparation of the Mannich condensation

products of the present invention are given below:

16
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9 weight in the range of about 400 to about 5,000. It is desirable that the
C20 or 10 higher alkyl substituent on the phenol ring be located in the
position para to 11 the OH group on the phenol. 12 In general, one
unsubstituted carbon atom in the ortho position to the hydroxyl 13 group
on the aromatrc rrng is requrred in order to prepare the Mannich 14

To Ll i e iy i2ata e S Ty R8MBIE*phenol substituted
in 15 the para posrtron Wlth a polylsobutyl substltuent that contains 20 or

more 16 carbon atom rred obutyl- sub tituted phenol raw
2 matenal'y %p[ﬁl%'?ﬁ\s%%ﬁ %J%.l @%@%’gﬁ &eﬁ%%enol% N RRAhispiL"e
3 starting saatetiaptepthe fdansfithe L%mrmensam@mmbduqlmm of this
invention, Di- strtuted ols ar able ed th they ar
suBEﬁﬁﬂga%sih@hogt\ﬁ {IJ{ﬁ}e? &?gﬁ‘er%%%ssﬁg %153 n%(;ts} S)anrge
50N %Elrbﬁl’%@hmdid@mtﬁﬁl@wna@lémks-rsebwmteﬁblplwmdlenﬁmmproduct.
o creso derivatives sybstituted in the para tion with 2 ater.
RS B D T 108 a5 dher B iPob Pl SIREE group
IO%'W&Q @@l@@tﬁ%&t@@tﬂb\ﬁﬁor baSsmeb‘*mtlpwfngédvmmaoh% QN Yafyn2roduct
wherein R1 is ived fr |sobute ontalnl
3Ié§ﬁ%@%&§‘ﬁ'{5§r@% ghg(re%é)ﬁ'ﬁn %Fe‘?{eofér% ﬁ&%%vmg%%lﬂlr}n aiar
9avmﬁg@1malqwlmnge|@hemmwgemwo@moo tbiahmdi=z 0RO ahth¥ Cy or
mis 5 hyd %1{ 6 In ove}% SS the |s b?g ituent.on the ;
polNsBIs g1 S ‘T’l ‘t’&ﬁ‘ HEHOT %Orlrﬂ a% 8§Pﬁo SeORy Weight @ ©
14in thieg @9 RJuB ahabe 4@ tiabout 5,000. Preferably the polyisobutyl
substituent on the

12  In general, one unsubstituted carbon atom in the ortho position fo the hydroxyl
13 group on the aromatic ring is required in order to prepare the Mannich

14  condensation products of this invention. For example, phenol substituted in
15  the para position with a polyisobutyl substituent that contains 20 or more

16 carbon atoms is a preferred polyisobutyl-substituted phenol raw material for

17  this invention.

18  Di-substituted phenols are also suitable starting materials for the Mannich

19  condensation products of this invention. Di-substituted phenols are suitable
20 provided that they are substituted in such a way that there is an unsubstituted
21 ortho position on the phenol ring. Examples of suitable di-substituted phenols
22 are o-cresol derivatives substituted in the para position with a Cy or greater

23 polyisobutyl substituent and the like.

24 A preferred polyisobutyl-substituted phenol has the fallowing formula:
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9 polyisobutyl-substituted phenol has a number average molecular weight
of 10 about 500 to about 2,5000. More preferably the polyisobutyl
substituent on 11 the polyisobutyl-substituted phenol has a number
average molecular weight of 12 about 700 to about 1,500. Most
preferably the polyisobutyl substituent on the 13 polyisobutyl-substituted
phenol has a number average molecular wel %pt of 14 about 700 to about
1,100. 15 The polyisobutyl-substituted phenpl'in the above process is
preferably derived 16 from polylsogutene containing at least about 50
weight percent 17 methylvinylidene is preferably the
polyisobutyl-substituted phenol 18 isd rlved from polyisobutene
containing at least about 70 weight percent 19 methylvinylidene isomer
and most preferably the polyisobutyl-substiuted 20 phenol is derived
from polyisobutene containing at least about 90 weight 21 percent
methylvinylidene isomer. 22 Suitable polyis utenes may be prepared
1using boron trifluoride (BF3) 23 alkylation catalyst as described in U.S.
Patent Nos. 4,152,499 and 4,605,808. -30 1 Commercially available

lyisobut having a high alkylvinyliden tent 2 includ -
2 RSBBERD Ta00 PEKGe AhEvba6c FHTAGE IO BALESBoAeepmniniaino
3|ooIy@é&ztsmlw@i@mtyéeda@heﬁ@tﬁgrmmﬁmmﬁnaratiarhgt/thg #number

oY RO G BTG W 8 O o ) CUBRRAGL00. and Y i

sattagheebgbine para-position to 6 the phenol ring. However, other
polyisobutyl-substituted phenols that may 7 undergo the Mannich
condensation reaction may also be used for preparation 8 of the Mannich
6conueﬂmbmmmmm@eqmwaﬁum@mb@m@mmem@ﬂmw—

7may, 883% é‘&y eli?o ?élgfaenoq @ﬁ?&%ﬁ%ﬁk\‘ﬁeé%t mhthe range of

onlsobu stitute S |nt e preparation o
8 about 400 to about 5, OOO Preferably the polyisobutyl substituent on the

9  polyisobutyl-substituted phenoi has a number average molecuiar weight of
10 about 500 to about 2,5000. More preferably the polyisobutyl substituent on
11 the polyisobutyi-substituted phenol has a number average molecular weight of
12 about 700 to about 1,500. Most preferably the polyisobutyl substituent on the
13 polyisobutyl-substituted phenol has a number average molecular weight of
14 about 700 to about 1,100.

15 The polyisobutyl-substituted phenol in the above process is preferably derived
16 from polyisobutene containing at least about 50 weight percent

17  methylvinylidene isomer. More preferably the polyisobutyl-substituted phenol
18 is derived from polyisobutene containing at least about 70 weight percent

19 methylvinylidene isomer and most preferably the polyisobutyi-substituted

20  phenolis derived from polyiscbutene containing at least about 90 weight

21 percent methylvinylidene isomer,

22 Suitable polyiscbutenes may be prepared using boron trifluoride (BF3)
23 alkylation catalyst as described in U.S. Patent Nos. 4,152,499 and 4,605,808.
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12 condensation products of the present invention. Examples of suitable
13 solvents are hydrocarbon compounds such as heptane, benzene,
toluene, 14 chlorobenzene, aromatic solvent, neutral oil of lubricating
viscosity, paraffins 15 and naphthenes. Examples of other commercially
available suitable solvents 16 that are aromatic mixtures include

1 CheyemterAramatie L0 poeutie 0ibnks Bxxendrh HrGN anguina)aile A8 Hontent
the Mannich condensation product sequestering agent pre areg y the
2 10 B IS5 kol bl sl B2 At I BHELEH Bk dhen the

20 polyisobutyl-substituted phenol may be first dissolved in an

alkyl-substituted, 21 aromati vent I | '
IR £ UM SO ol I WS o v
4 carbiem aitms Mere phieferably bie 3 tatkytessbstituer domtireaanonatisubstituted

solvent has from about 6 ¢arben atoms t 0 t iy
S L B RSB SRR Bton
6 alktixidglser2i frgfelidbhetre babeipalyialikali tyetab sijdriexideseldstdtht may

from the gro -31 1, consisti sodj wdroxide, lithj rpxi (oo
7oy T S B S AL 8 FFelratin
8 sodifithdjuiroridh oopotassition BrovidixideiMasesmierabintliembase is

sodium hydroxide. If the Mannich 4 condensation product sequestering

agent is to be used as a fuel additive it 5 may be desirable to replace the
9 alk&lPM@BAl ion on the Mannich condensation 6 products with an

ammonium ion. For other uses the alkali metal ion on the 7 Mannich

o L R P R i I L s e
11progessseliigipsesentitaeptienditein the preparation of the Mannich

12 condensation products of the present invention. Examples of suitable

13 solvents are hydrocarbon compounds such as heptane, benzene, toluene,
14 chlorobenzene, aromatic solvent, neutral oil of lubricating viscosity, paraffins
15  and naphthenes. Examples of other commercially available suitable solvents
16 that are aromatic mixtures include Chevron® Aromatic 100N, neutral oil,

17 Exxon® 150N, neutral oil.

18  If the Mannich condensation product sequestering agent prepared by the

18 above process is to be used as an additive in lubricating oil, then the

20 polyisobutyl-substituted phencl may be first dissolved in an alkyl-substituted
21 aromatic solvent. Preferably the alkyl substifuent on the aromatic sclvent has
22  from about 3 carbon atoms to about 15 carbon atoms. More preferably the
23 alkyl substituent on the aromatic solvent has from about 8 carbon atoms to

24 about 12 carbon atoms.
25 Base

26 Typical bases include alkali metal hydroxides and alkali metai alkoxides.

27  Preferably the base is an alkali metal hydroxide selected from the group
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11 formaldehyde or aldehydes having the formula O 12 R'JL'H 13

wherein R' is branched or linear alkyl, having from one carbon atom to 14

about 10 carbon atoms, cycioalkyl having from about 3 carbon atoms 15

to about 10 carbon atoms, aryl having from about 6 carbon atoms to 16

about 10 carbon atoms, alkaryl having from about 7 carbon atoms to 17
1abogiROcripon Bems py@atalkyd haviog-ltopdrakiowt dr garheriatargdeoxide.

18 about 20 carbon atoms.. 19 Representative aldehydes for use in the .
2o EGF O TR ML 28 GO TR B W BHEe e POtassium
ginvenipnirudacbup asfe ol jinhiteddee 24 sdiphatiopldekydes Stichdannich

formaldehyde, acetaldehyde, propionaldehyde, 22 butyraldehyde e
R LSRG b LM B3 AYmanc e Regve i
sare ialse s ntesnplete hfesisedniibe preparationoof sheth2a4Mannithcondensation

condensationgﬁgoducts of the present invention, such as

, -32. :

BpenRHBHATHE IR GERSIBRAY AR G Hy Ry BErT e \?)8‘8.%%%-'9“ on the
7tolugidehitedsrai exatiople eidarslkybeazaldehygea Soflsathsefubard metals of

formaldehyde producing reagents, such as paraformaldehyde 4 and
BaqUT%’u@‘? ﬁﬂbﬁ é?]@ae solutions such as formalin. Aldehydes most 5

preferred for use in the in the preparation of the Mannich condensation 6
gprogtllgé%og(g’he present invention are paraformaldehyde and formalin. 7

Ald ost preferred for use in the in the preparation of the Mannich
8 condensation products of the present invention are paraformaldehyde

1candaRyigrRline ddirefatabliingstldeyde o fasmaldelayde Byt invention are

formaldehyde is meant all its 11 forms includin? gaseous, liquid and
a

Usolifomaldmndergaléguges having the formu

O

R’/U\H
12
13 wherein R’ is branched or linear alkyi, having from one carbon atom to
14 about 10 carbon atoms, cycloalkyl having from about 3 carbon atoms
15 to about 10 carbon atoms, aryl having from about 6 carbon atoms fo
16 about 10 carbon atoms, alkaryl having from about 7 carbon atoms to
17 about 20 carbon atoms, or aralkyl having from about 7 carbon atoms to
18 about 20 carbon atoms..

12  Representative aidehydes for use in the preparation of the Mannich

20 condensation products of the present invention inciude, but are not limited to
21 aliphatic aldehydes such as formaldehyde, acetaldehyde, propionaldehyde,
22  butyraldehyde, valeraldehyde, caproaldehyde and heptaidehyde.

23 Aromatic aldehydes are also contemplated for use in the preparation of the

24 Mannich condensation products of the present invention, such as
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12 formaldehyde is the monomer CH20 and the trimer, (CH20)3
(trioxane) having 13 the formula given below. a CH, CfR2 00 14 CH, 15
Examples of liquid formaldehyde are the following: 16 4. Monomer CH20
in ethyl ether. 17 5. Monomer CH20O in water which has the formulas
CH2(H20)2 (methylene 18 glycol) and HO(-CH20)n H. 19 6. Monomer

1 C"‘@é?ri@l?G@(?@QP%KP@@%&BﬁJ@W@%W@%E‘%9’)\%@.0Para—

CH3O(-CH2W§%-.H -33 1 Formaldehyde 'solutions are commercially
2 avaNaBIs RN YERdP SRdSIETORS 2RcoRBTEDRNGRI? I RCavailable as a 37%
- 50% solution. Formalin is a 37% 3 solution in water. 4 Formaldehyde is

also commercially available as linear, and cyclic (trioxane) 5 pol rs.
e i et e e g A e RS
4 polymersjukdminerAcidiélte antinoacisiohthe stenerivative fheteafost
used in the above process has 9 the for ulamjz 10 %OZA 11 W.is
5 PR LR a5 RS AR P LAl PR aRdeTsater

6 products of the present invention are paraformaldehyde and formalin.

7 Aldehydes most preferred for use in the in the preparation of the Mannich
8  condensation products of the present invention are paraformaldehyde and

g  formalin.

10 Preferably the aldehyde is formaldehyde. By formaldehyde is meant all its
11 forms, including gaseous, liquid and solid. txamples of gaseous
12 formaldehyde is the monomer CH,O and the trimer, (CH,0); (trioxane) having

13 the formula given below.

0
NG
[CHZ CH,
A |

O
14 e

15 Examples of liguid formaldehyde are the following:

16 4. Monomer CH,O in ethyl ether,
17 5. Monomer CH;O in water which has the formulas CHx(H20), (methylene
18 glycol}y and HO(-CH,O)-H.
18 6. Monomer CH;O in methanol which has the formulas OHCH:OCH; and
20 CHaO(-CH,O)-H.
21
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12 carbon atom to about 15 carbon atoms, or a substituted-alkyl having
13 one carbon atom to about 10 carbon atoms and one or more 14
substituents selected from the group consisting of amino, amido, 15
benzyl, carboxyl, hydroxyl, hydroxyphenyl, imidazolyl, imino, phenyl, 16
sulfide, or thiol; and m is an integer from one to 4 and A is hydrogen or 17

1alkydiavingeane catanoaioas hahautd-cara0niriod s, Wk Rieleabhridus

is hydrogen in the above formula, The refgrred agkyl inthe 19 above . o
2 tor SR methyTaeth{i, 2 B1aRADY Haaniis DGy GRETBHn 1s a 37%

3Somg examplesefralpha amino acids contemplated for use in the 22
preparation of the Mannich condensation products of the present invention

423 argghigaibalovsiafaklerimS4izhpleyHil2t3e 4 Niamer Boknilalicq@ioxane)
K25c, 0 ionic tren%h lanine bNH 9.187 rc-wﬁgo off Arginl el_r%"”of E
OH2 PBBCTN-CIIGE OIS RipY e S&‘gdﬁ%' AHVRZ'8. 75 Mah motecar

6  weight polymers.
7 Amino Acid

8  The amino acid or the ester derivative thereof used in the above process has.

9 the formula

NH,
5 /

10 ™~ COLA
11 W is —[CHR"]- s wherein each R” is independently H, alkyl having one
12 carbon atom to about 15 carbon atoms, or a substituted-alkyl having
13 one carbon atom to about 10 carbon atoms and one or more
14 substituents selected from the group consisting of amino, amido,
15 benzyl, carboxyl, hydroxyl, hydroxyphenyl, imidazolyl, imino, phenyl,
16 sulfide, or thiol; and m is an integer from one to 4 and A is hydrogen or
17 alkyl having one carbon atoms to about 6 carbon atoms.

18 Preferably A is hydrogen in the above formula. The preferred alkyt in the

19 above formula is methyl or ethyl.

20 Preferably the amino acid is giycine.

21 Some examples of alpha amino acids contemplated for use in the
22 preparation of the Mannich condensation products of the present invention

23 are given below in Table 1.
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PNy =

HzN -C H 0 C=0 H Aspartic Acid H FH2 10.0 O 0=0 off

Cysteine

CH 10.77 H, Hs-c-cH =0 IH Cystine N H, "H2 ** ,12 8.80 CH -CH2 -5 -
S-C-H 0=0=0 IH OH Glutamic Acid 9-95 i "---c-c-c-ce Glutamine H2
%H'9.01 * N C-c- CH -35 Glycine i" 9.78 H-cn OH Histidine --~N 9.08 ¢

cH
Table
Name Farmula Log K25"(3, 0 ionic strength
Alanine e 9.87
Lsacw—cizl-{
-
OH
Arginine o w L 8.99
g s N e B G oo (e G
I !
NH [ofmris}
b
. "
Asparagine | g70%
HzN—i:!——-C;——(llH
[
Ort
Aspartic Acid Lo 10.0
G e G G o G
-
O
Cysteine y ?Hz 10.77
HS——CZ—-CE;H
Gy
L
i NH HNH,
Cystine 2 o 8.80 ¥
| s Oy e § o S***—*C*Hﬁ(kZH
Crm=0 ?ﬂo
CIJH OH
Glutamic Acid R 9.95
s o e e CH
i i
g==0
dn
Glutamine _— \L'Hz 901 *
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¢ 0 OH Hydroxylysine H HH n,N-c-cam-~H OH iH Isoleucine 9.75 Hz
HO -O HOH OH.2 00 OH - -~ Leucine i H2 9.75 H2 H,C-cH-C-CH cH,
C=0 OHY NH2 L sineHH2H, H, 21H 10.69 =0 OH Methionine NH2
9.05 H, Hj rl-s-c-c-cH c c=0 off Phenylalanine ™ 9.31 C--CH Serine NH,

Glycine itz 9.78
H——H
H
TEO
OH
W NH.
N 2 +*
Histidine (/ oo | 908
l C—CH
A
i |-
i
OH
. ~H
Hydroxylysine } T
Ha— G B
c==0
fal] OH
isoleucine Mz 9.75
H
HyGommme G CH——CH
CHs ©==0
O
Leucine e 9.75
H,
G menem S oo G Gl
CHa (Sl
QH
Lysine i %*
/ HZNJSE_E%_?Q_EQ__%H 10.69
(i::o
¢ =2}
L
L NHy
Methionine - 9.05
st —cH
C
C——0
OH
. - g
Phenyialanine / \ w | 9.31
Cz——-CEH
o ?:O
OH
Serine . Y g.21
HO—-—C?--——CH
Ci:mo
OH
" N)-‘_z .
Threonine v 9.10
H;N-—-——ﬁi-—"ﬁi"““";z‘w"'ct—mci—'(}.‘i
i i
wH C===0
L

-35 -




9.21 1 Ho-c---aic=0 off Threonine- ~-- ~-H ~ ~--~9.10 x-N 2-C-G-GH
H C=U -36 Tyrosine™ 10.47 NH2 Valine 9.72 H3C H-CH CH, G=0 UH 1
2 3*0.1ionic strength. 45 ** 200C and 0.1 ionic strength. 6 The present
invention is also directed to a lubricating oil additive composition 7
comprising a major amount of an oil of lubricating viscosity and a minor 8

resentTiP‘lr\C/)gﬁﬁon. A Imixture of gndensation product
sequestering 10 agents are also co mpIatédoin the lubrjcating oil

mount_of the Mannich condensation product.sequestering agent o%h[%9
" Vany :
apditive composition|of the 11 present invention. Typically the lubricating

oji composition wif contain T2 Mannich condensation proguct
S questéf?ﬁ@eagents of this invention in the 13 range of from about 8.0

G W N

o~

11
12
13
14
15
16
17
18
19
20

21
22
23
24
25
26

eight percent to about 10 weighf'fercent;

“CHy C—=0

o

* 0.1 ionic strength.

** 20°C and 0.1 ionic strength.

The present invention is also directed to a lubricating oil additive composition

comprising a major amount of an oil of lubricating viscosity and a minor

amount of the Mannich condensation product sequestering agent of the

present invention. A mixture of Mannich condensation

product sequestering

agenis are also contemplated in the lubricating oil additive composition of the

present invention. Typically the lubricating oil composition will contain

Mannich condensation product sequestering agents of this invention in the

range of from about 0.01 weight percent to about 10 weight percent,

preferably in the range of frorn about 0.1 weight percent to about 5 weight

percent and more preferably in the range of from about 0.3 weight percent to

about 2 weight percent. The lubricating oil additive composition will generally

contain other additives including detergents (overbased and non-overbased),

dispersants, extreme pressure agents, wear inhibitors,

rust inhibitors, foam

inhibitors, corrosion inhibitors, pour point depressanis, antioxidants, zinc di-

thiophosphates and a variety of other well known additives.

The present invention is also directed to a lubricating oil concentrate.

Lubricating oil additive concentrates usually include from 90 weight percent to

10 weight percent of an organic liquid diluent and from

10 weight percent to

90 weight percent (on a dry polymer basis) of the additive of this invention,

Typically, the concentrates contain sufficient diluent to make them easy 1o

handle during shipping and storage. Generally, the lubricating oil concentrate
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14 preferably in the range of from about 0.1 weight percent to about 5
“weight 15 percent and more preferably in the range of from about 0.3
weight percent to 16 about 2 weight percent. The lubricating oil additive
composition will generally 17 contain other additives including detergents
(overbased and non-overbased), 18 dispersants, extreme pressure

1agents cogaiinhibitaisniustdphihitesatifaproddnbkitasstarpsigsnts of this
inhibitors, pour point depressants, antioxidants, zinc di- 20 thiophosphates
2 and Y SRR BT HRIPKAGN AR S S0 eSSBS BAP IRSHGH o ot

3alspglireetedHigailuhdcatiagrod-conceptieit oAb ketrisaineretaddiivgie range of
congcentrates usuyally. include from 90 weight percent to 23 10 weight ,

 porl o P ARG GRAD A ot 16 WEIGH bR e kg 5t Mannion

5weightgereant (oprediry: petmechagiefofibl addiivemiibighnyention 25
Typically, the concentrates contain sufficient diluent to make them easy to

526 RY %BW@&E&H eé\”?@fé?&gﬁ%.@i‘nerally, the lubricating oil

concentrate 37 1 will con_tain t_he quni(_:h condensation product
PSR AILIA LS AR UG,
ScontiEmeaisory Erookict, pm@enaw hydﬁeqawtgmafoa!ilfm%@gawmw_m diesel
ol o e B A e SR R e
10Maaa@@@d@%&@rﬁ_@ﬁﬁ@&:m€ﬁ@ﬁe_j rp:@sémjnﬁe“wéi’dn g afsdalivdicted to
R R S
12the ddenpistiicondénsaties erbtuen iorse quaxcativghag e afame pséiemtvill
T L R
14invenvientiary pidaklyrdregtuef tormpasitidr2wip aissquenainiiiihe Mearmict 2,500 parts
i 5"0”SSP%%E?;H,%Pqu%&?q%{%ﬁ%e?&ﬁg%%ﬁ%ﬂf 5@81}% 50 parts per million to about
16 1,500 parts per million, and more preferably in the range of from about 70
17 parts per million to about 1,000 parts per million, The gasoline fuel additive
18 composition of the present invention may include other fuel additives,
19 including oxygenates, anti-knock agents, dispersants, detergents, lead
20 scavengers, anti-oxidants, pour point depressants, corrosion inhibitors and
21  demulsifiers. The gasoline fuels may also contain amounts of other fuels, for
22  example, methanol. The diesel fuel additive composition of the present
23 invention may also contain other additives, including pour point depressants,
24 flow improvers and cetane improvers. The diesel fuels may also contain

25 amounts of other fuels, for example, methanol.

26 A further embodiment of the present invention is also directed to a fuel

27  concentrate comprising an inert stable oleophilic organic solvent boiling in the
28  range of from about 65°C to about 204°C and from about 10 weight percent to
29  about 90 weight percent of one or more Mannich condensation product

30  sequestering agents of the present invention. Generally the fuel concentrate

31 wili contain Mannich condensation product sequestering agents of the present
' - 38 -



14 invention in the range of from about 25 parts per million to about 2,500
parts 15 per million, preferably in the range of from about 50 parts per
million to about 16 1,500 parts per million, and more preferably in the

range of from about 70 17 parts per million to about 1,000 parts per

million, The gasoline fuel additive 18 composition of the present invention
1maypehids otherluehgddifiness 19 dneludingRpganates, 8ibkoegk weight
agents, dispersants, detergents, lead 20 scavengers, anti-oxidants four

2poiMCIBRTeREFRIAENBSIBR TARBRATSTHE 2PCHRALILHER PRRESIALBIARPUT 50

sfuels aan Ylsrceantaia amespierirabierfupls riorg 2 3ErampliBomethansht
The diesel fuel additive composition of the present 23 invention may also

4conBRFreiidP ARFHVES WRIRREMG 6 point depressants, 24 flow
improvers and cetane improvers. The diesel fuels may also contain 25
amaunts .of t?} r fuels, for example, methanol..26 A further embadiment
ot b HASH M ion o AT SClalt LD B 0L cBRCoRGaE C WIT the fudl
ecomptisithg amimpos#iablefdlee philentrganicsobanebbilingsrmthbe@8cally inert
ange of from about 65C to about 204C and from about, 10 weigh e
o 35 LA vt s BT e R SR L SeHon.
8produt4iB6 sexjdestaringagehvisnoiithe poesemtantientdnhGerdadlgithe
fuel concentrate 31 will contain Mannich condensation product
Soatean g NG TSRt coqugrent
10aboinct@aseightipareaiditdiabonty Oaveight @ aercenty pteédiably sutireas mineral
1 1ran% of froFm a(E)ou r%?e\ﬁvr%i%ﬂt percent to about 50 3 weight percent and
mor 'p%irg gﬁy iRthe range 6F from about 20 weight 4 percent to about
40 weight percent. 5 A fuel-soluble, non-volatile carrier fluid or oil may
122Isoreused with.ihe fuel, 5iadeiiveicompostins-ofRSBYeRiMRe Fhfowing
carrier fluidis a chemically inert 7 hydrocarbon-soluble liquid vehicle
13vhicoBssantrilly increases the non- 8 volatile residue, or the
solvent-free liquid fraction of the fuel additive

14 (a) A major amount of oil of lubricating viscosity;

15 (b)  0.01 weight percent to 10.0 weight percent of at least one Mannich
16 condensation product of the present invention;

17 (c) 1.0 weight percent to 10.0 weight percent of at least one borated or
18 non-borated succinimide ashless detergent;

19 (d) 0.05 weight percent to 0.5 weight percent, as calcium, of at least
20 one calcium sulfonate, phenate or salicylate detergent;

21 (e)  0.02 weight percent to 0.2 weight percent, as phosphorus, of at

22 - least one secondary or mixture of primary and secondary alkyl zinc
23 dithiophosphate;

24 (f) 0.0 weight percent to 5.0 weight percent of at least one diphenyl
25 amine oxidation inhibitor;
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9 composition while not overwhelmingly contributing to octane
requirement 10 increase. The carrier fluid may be a natural or a synthetic

- oil, such as mineral 11 oil or refined petroleum oils. 12 Typically, an

1
2z

3
4

5
6

7 berated ester Tty

engine lubricating oil composition may contain the following 13

components: 14 (a) A major amount of oil of lubricating viscosity; 15 (b)

0.01 wejght pecentithiilobonaigbthereenyiof ptleast oheManmichlctim, of at
condensation product of the present invention; 17 (c) 1.0 weight percent to
0.0 weight pERH B RS b At S5 R R are oF

succinimide ashless detergent; 19 (d) 0.05 weight percent to 0.5 weight

Demellﬁ?fs C%',@%ié;r(ltaés?@é:ﬂt 9 Q%etv\%é’}e% HIANBeRRESRYR Qb artial;

salicy detergent; 0.02 welg t to 0.2 weight percent, as
phosphorus, 68Hi@Y lleaxiienerseesrigdrydeminglies orptifiity and
secondary alkyl zinc 23 dithiophosphate; 24 (f) 0.0 weight percent to 5.0
weight percent of at least one diphenyl 25 amine oxidation inhibitor; -39 1
(6) 0.0\ beigh L RTICE S SIS Rt rICSY B FR5l BLBh A P S 2
least one molyheisirtia e eifimide guidation: ipRiBEar: S Jue, Quveight
percent to 5.0 Wei%ht percent of at least one partial; 4 carboxylic ester or

AEROER R BHBIRht percent to 0.05 weight

percent of at least one 6 supplemental anti-wear/extreme pressure agent,

in

aSHch 88, 7 MANPRID INIBSPIRAELE: BUD 0 O NSO RRIEIER Yl

10
11

12
13
14
15

16

17

18
19

20
21
22
23
24

weight'‘percent of aefg, ast orie foam
inhibitor; and

(k) 0.0 weight percent to 2.0 weight percent of at least one olefin

copolymer viscosity index improver,

The Mannich condensation products of the present invention may also be
employed as dispersants in lubricating oil. For use as dispersants in fuels the
atkali metal ions in Mannich condensation products are replaced with

ammonium iens.

EXAMPLES

Example 1

Praparation of Mannich condensation product using

1,000 molecular weight polvisobutyl-substituted phenol

To a 1.0 liter three-neck flask equipped with a temperature probe, mechanical
stirrer and reflux condenser were added 4.0 grams of sodium hydroxide in 3.0
miliiliters of water (0.1 moles), 300 milliliters of methano! (boiling point 65°C),
7.5 grams (0.1 moles) of glycine ana 6.59 grams {0.2 moles) of

paraformaldehyde. The reaction mixture was gently warmed (46°C) for 30
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10 (k) 0.0 weight percent to 2.0 weight percent of at least one olefin 11
copolymer viscosity index improver. 12 The Mannich condensation

products of the present invention may also be 13 employed as dispersants

in lubricating oil. For use as dispersants in fuels the 14 alkali metal ions in
Mannich condensation products are replaced with 15 ammonium ions. 16
1EXAMRJt£§Tb7tExamaﬂeadm,Pabpam%ﬂmt®mmmtEh cohéléngation (0.1 moles)
rod t 000 molec Iar we ! but substit ted I

R Rl R R B A e s o

3medmm¥aéc12m $t|r$e|13a’aelmefﬂox coidender wedebadted 470 @mimgf number

sod roxide in 22 m|II|I|t rs of Ie 0Q-milli
et s hagy D e S LD ES AT BT e
56. 59egrams (ﬁtﬁtmmele»ﬁsdﬁ@@atmmfmﬂmald@mmat[he feadilomoanixtukewdse

tem

ams es

cgorihpamed LOChor 30 iR A mINHIGS, To diswas added, g reflux

ecular Welg

7polyisobutyl-substituted phenol, prepared as 3 described in U.S. Patent

gNOSr O 309@58%}2\‘55‘%’%%%777 - Aydroxyl nu éuAbt RD %%‘8&% U1 653

per gra samp

aromatlc solven reaction m|x

washetttokatrefld®@&Bperature for 17 hours. Next the 6 methanol was

10,

emoved under vacuum and the product obtained. 7 8 This product was

soluble in diluent oil. The product had a viscosity of 1,653 9 centistokes at
11100C. 10 11 Comparative Exdbaplgpérative Example A

12
13
14

15
16
17
18
16
20
21
22
23
24
25
26
27
28
28
30
31

Preparation of Mannich condensation product using

C1» alkyl substituted phenol

To a 2.0 liter three-neck flask equipped with a temperature probe, mechanical
stirrer and reflux condenser were added 40 grams of sodium hydroxide in 20
milliliters of water (0.1 moles) and 700 milliliters of methanol (boiling point
65°C). The reaction mixture was heated gently (40°C) for 15 minutes to
dissolve the sodium hydroxide. To the reaction mixiure was added 75.07
grams (1.0 mole) of glycine and 60.06 grams (2.0 moles) of paraformaidehyde
with gentle heating (40°C). To this was added 286.29 grams (0.1 moles) of
C4, propylene tetramer substituted phenol, OLOA 200® (hydroxyl number 196
milligrams KOH per gram sample}, available from Chevron Oronite Company
LLC. The reaction mixture was heated at reflux temperature for 17 hours.
Next the methanol was removed under vacuum. The product obtained was
dissolved in toluene. The product had to be dissolved in toluene because it
was only slightly soluble in hexane. The product was filtered through Celite®
and the solvent (toluene) removed under vacuum and the product was

obtained.
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1

12 13 Preparation of Mannich condensation product using 14 C12 alkyl
substituted phenol 15 To a 2.0 liter three-neck flask equipped with a
temperature probe, mechanical 16 stirrer and reflux condenser were
added 40 grams of sodium hydroxide in 20 17 milliliters of water (0.1
moles) and 700 milliliters of methanol (boiling point 18 65C). The reaction

mixture was heated gently (4069 a5k aiminptesiplcl dissolve the sodium
hydroxide. To the reaction mixture was added 75.07 20 grams (1.0 mole)

2 of glycine and 60.06 grams (2.0 moles) of paraformaldehyde 21 with

3

gentle heating, (AQG Tor Wisnnrs adeiel #86:29 gramsctblomaesrin?2
C12 propylene tetramer substituted phenol OLOA 200(r) (hydroxyl

4 number 196 23 milligrams KeHEE §eaplaianBieaNilable from

6

8-

Chevron Oronite Company 24 LLC. The reaction mixture was heated at

refM #‘eratUée for 17 hours. (%S%egt the methanolrw%srég{}}%\r/ﬁ under
A" ThEproalct BPaR{B wWais oftieRe “Tha pro@iucty
hadtd bigeliss plited ah 4eldeneribechinse iB. Z?aimﬁ blaly A kghteblubbes iproduct

7 o FarMOR R UPATALE oM e P et DE-SE A o T

41t%ﬂsC\)mrmIawe35>@rmpl£(Bt®%@WltmeﬁmmﬂmhMm@Ue{ﬁsatlomst of the
product ared from C9 alk | substituted 5 Mannic
O s Ay efb T e A BB S P S roduct (30

10 substitited pheral asﬂestdbednhdd)&mamew 38e B%Jd”uevas cloudy

11prog1%ﬁ(t:ating that Mannich condensation product was poorly soluble in diluent oil.

12
13
14
15
16
17

18
19
20
21
22
23
24
25
26
27
28
25
30
31

Example 2

High Temperature PCDO Performance VW TDI-1 Engine Test
Using 10w40 Gil

The performance of a sample of the Mannich condensation product prepared
in Example 1 was evaluated in a VW TD-1 Engine Test and compared to a
fully formuiated oil without the Mannich condensation product. The product
prepared in Example 1 was added at a 1.0 percent treat rate to a fully
formulated oil containing typical amounts of ashless dispersant, phenate,
overbased sulfonate, LOB sulfonate zinc di-thiophosphate, wear inhibitors,
etc., in a SAE grade 10W40, partial synthetic oil. The results of the VW TDI-
1 Engine Test are summarized below in Table ll. The data show that the oil
containing the Mannich condensation product of the present invention had
significantly better performance that the baseline oil. The baseline oil ran for
only 42 hours and was terminated early. The average piston merit was 60.6,
and the average ring sticking was 2.0. This was a failing engine test. The ol
containing the Mannich condensation product of the present invention

completed the 60 hour test and gave average piston merit of 66.7, and
- 49 .



1
2
3

7 was dissolved in 50 milliliters toluene at elevated temperature (100C).

To 8 this was added 35 grams Citcon(r) 100N, neutral diluent oil. Next
most of the 9 toluene was removed under vacuum. A total of 52 grams of
product (30 10 product and 70 percent diluent oil) was obtained. The
product was cloudy 11 indicating that Mannich condensation product was
Pocrly selubladnsdilent oflo 42 13hxample gaddrkbdtighd endpesature It is
PCDO Performance VW TDI-1 Engine Test 16 Using 10w40 Oil 17 %?the

BB SRS BN G eIt
prepaiesht IQBHESATPRIGCH RS evakuatesh iha MWeTReloEngie Tesizare of the

compared to a 20 fully formulated oil without the Mannich condensation

4 prddaen ThEPEE0EE AN REBHESIA BRI R IHFRLCAaRR LA S, §HUS

5
6

10
11

12
13
14
15
16
17
18
19
20

percentirealraistie Ay 2o femmulrtechailreniriNiRe: Hpieahamesta ofrom

ashless dispersant, phonate, 23 overbased sulfonate, LOB sulfonate zinc
di-thtspiosphate, wear inhibitors, 24 etc., in a SAE grade 10W40, partial
synthetic oil. The results of the VW TDI- 25 1 Engine Test are summarized
below in Table Il. The data show that tllng?g II26 containing the Mannich
condensation product of the present invention had 27 significantly better
performance that the baseline oil. The baseline oil ran for 28 only 42

hours-and-was terminated-early. The average piston merit wa$ 60.6, 29 T
and the@ymg ring stickipngwafoadd This Wes fdlPgsepsine tasfeldge Ring
oif 30 containing the Mannich condensation product of the present _ .
inyention 31 completed the 60 hour test and gave‘%@?age piston mettaing
66.7, and -42-. 1 average ring sticking of 0.63. This was a passing engine

test result. It is
Baseline 42 60.6 2.00

Example 2 60 66.7 0.63

Example 3

High Temperature PCDO Performance VW TDI-2 Engine Test
' Using 5w30 Oil

The performance of a sample of the Mannich condensation product, prepared
in Example 1 dissolved at 1.0 percent level in a fully formutated Group 1l
5w30 baseline oil, was determined in a VW TD-2 Engine Test. This was
compared to the baseline oil without the Mannich condensation product. The
results of the VW TDI Engine Test are summarized below in Table Ifl. The
data show that the oil containing the Mannich condensation product of the
present invention had significantly better performance than the baseline. The
oil containing the Mannich condensation product of the present invention

performed better for average piston cleanliness and there was no ring

_43 -



2
3

believed that the oil containing the Mannich condensation product of the
present invention performed better than the baseline oil alone because

of the 4 Mannich condensation product's ability to sequester metal ions,
thus 5 preventing metal ion catalyzed oxidation and polymerization
reactions from 6 occurring. 7 Table Il Example Test Hours Average

1 PistarniAwgrages Risige Marih stickéng :Bareline R A0:8:2-00rd¥d of the present

Example 2 60 667 8 9 Example 3 10 High Te rature PCDO
2 o A RRREAIPTIFS BFhA 7B 195G AT i 19 because of the
3perfpanance & iatgampie ok ther Masalichreondenpatonrirogucsiprepacadalyzed

a1l

13'in Example 1 dissolved a%l.o %%rﬁent Iev?l in a fully formulated Group

QIB\FE6 AR IR AR (G ATRITHEE S W Y BT R IR R8O This

was 15 compared to the baseline oil without the Mannich condensation
product. The 16 results of the VW TDLI-EBg'%rm Test are summarized

below in Table Ill. The 17 data show

il containing the Mannich

condensation product of the 18 present invention had significantly better

in
th

10
11
12
13
14
15
16
17
18
19
20

performance than thé paseline. The 19 oil containing the MaanCh

condengatin pr@duct of thedgyesrligventiofw} Resferiaishb tteaf{@rage Ring
average piston cleanliness and there was no ring -43.1 stickineb [

Ltis

believed that the Manrich condensation product otfffpresent 2~ Sticking
ention performed better than the Group| Il Base Oil alone because of
e
Baseline 54 59 none
Example 3 54 60 none
Example 4

High Temperature PCDO Performance VW TDI-2 Engine Test
Using 10w40 Ol

The performance of a sample of the Mannich condensation product, prepared
in Example 1 dissolved at 1.0 percent level in a fully formulated 5w4G baseline
oil, was measured in a VW TD-2 Engine Test. This was compared o the
baseline oil without the Mannich condensation product. The results of the VW
TDIi Engine Test are summarized below in Table V. The data show that the
oil containing the Mannich condensation product of the present invention had
significantly better performance than the baseline. The oil confaining the
Mannich condensation product of the present invention performed better for,
average piston merit and average ring sticking, than the baseline. Itis
believed that the oil containing the Mannich condensation product of the

nresent invention performed better than the baseline because of the product’s

_A4 -



3 product's ability to sequester metal ions, thus preventing metal ion
catalyzed 4 oxidation and polymerization reactions in the hydrocarbon
base oil. 5 Table Il Example Test Hours Average Piston Average King
Merit Sticking li Baseline 54 55 none Example 33 54 60 none 6 7
Example 4 8 High Temperature PCDO Performance VW TDI-2 Engine

1 Testb @il $ingew4i@ Ol dia Theperiaspaneaoha sanpip ofdhalyanhickidation
condensation product, prepared . 1] in Example 1 dissolved at 1.0 percent

2 |evéint BRI B?ﬁ'ﬂﬂﬁté%aé%\ﬂfbsﬁaigﬁn@@? %f'l%gsbﬁmse%gﬂred ina VW
TD-2 Engine Test. This was compared to the 13 baseline oil without the
Mannich condensation product. The r ofthe VW 14 TDI Engine
Test are summarized below in Table V. The data show that the 15 oil
containing the Mannich condensation product of the present invention had

16 significantly bétter performance than the baseline. The oil dontaining

the 17 Maapighcondensaties progues of thevesage ifvetdion pefosmege Ring
better for, 18 average piston merit and average ri sgcking, than tt‘g .
baseline. It is 19 believed that the oil containing tt@%\ﬁ’ nnich conden gﬁgﬁng
product of the 20 present invention performed better than the baseline

because of the product's -44 1 ability to sequester metal ions,|thus
preventiBgsaital ion catalyzed d4idation 2 and polfferization reactiohs$ 75

in the hydrocarbon base oil. 3 Table IV
Example 4 b4 b4 .8 0.625

4

5

8 Example 5

7

8 Preparation of Mannich condensation product using 550 molecular weight

9 | polyisobutyl-substituted phenol
10
11 Toa 2 liter 3 neck glass round bottom flask equipped with a reflux condenser,
12 nitrogen inlet, mechanical stirrer, heating mantle, and thermocouple, was
13 added NaOH, 8.00 grams (50 percent agueous solution), (0.10 moles) and
14 300 milliliters methanol. This was stirred and heated to about 50°C for 15
15  minutes. To this was added glycine, 7.51 grams {0.100 moles) and
16  paraformaldehyde, 6.59 grams 0.220 moles. The solution was then heated o
17 reflux and fo this was added 66.50 grams (0.101 moles) polyiscbutyl-
18  substituted phenol (prepared using the procedure described in U.S. Patent
19 Nos. 5,300,701 and 6,274,777 using Glissopal®, M, = 550, methylvinylidene
20  content greater than 50 weight percent). This was heated at refiux for 20
21 hours. The resuiting oil and methanol phases were dissolved in hexane,
22 filtered through Celite® 521, and diluted with toluene. The solvent was then
23 removed in vacuo to vield a giassy yeilow solid, melting point 110°C.

A5 .




Example Test Hours Average Liston Average Ring Merit Sticking
Baseline 54 42 1.875 Example 4 54 54.8 0.6254 5 6 Example5 7 8
Preparation of Mannich condensation product using 550 molecular weight
9 polyisobutyl-substituted phenol 10 11 To a 2 liter 3 neck glass round
bottom flask equipped with a reflux condenser, 12 nitrogen inlet,

1 methanioalrstiteeshheatiig hidtt s aad.ihe maigbupléy welsut 8-aaaetituted
NaQH., 8.00.qgr 0 per e ton),.(Q. :

2 SO RSP TRl T o S o Romtce 4 Aeur Sha oy g ©f s

3 15 mventes:. To this was added glycine, 7.51 grams (0.100 moles) and 16
paraformaldehyde, 6.59 grams 0.220 moles. The solution was then
heated to 17 reflux and to this was added 66.50 grams (0.101 moles)
polyisobutyl 18 substituted phenol (prepared using the procedure
described in U.S. Patent 19 Nos. 5,300,701 and 6,274,777 using
Glissopal(D, M" = 550, methylvinylidene 20 content greater than 50
weight percent). This was heated at reflux for 20 21 hours. The resulting
oil and methanol phases were dissolved in hexane, 22 filtered through
Celite(r) 521, and diluted with toluene. The solvent was then 23 removed
in vacuo to yield a glassy yellow solid, melting point 110C. -45 1 This
example shows that 550 molecular weight polyisobutyl-substituted 2
phenol can also be used to make the Mannich condensation products of
this
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3 invention. -46 WHAT IS CLAIMED IS: 1. A Mannich condensation
product prepared by the Mannich condensation of: (a) a
polyisobutyl-substituted hydroxyaromatic compound, wherein the
polyisobutyl group is derived from polyisobutene containing at least 50
weight percent methylvinylidene isomer and has a number average
molecular weight in the range of from about 400 to about 5,000; (b) an
aldehyde; (c) an amino acid or ester derivative thereof; and (d) an alkali
WiireAdl IaSe ABVIEREMannich condensation product of claim 1, wherein the
polyisobutyl group of the polyisobutyl-substituted hydroxyaromatic
compound in (a) is derived from polyisobutene containing at least 70

weighf pertainighethAonsARTaHEs onMEPIC hePURRARRSh coiderib&tiorMannich

produgtedehaincsd ¥rherein the polyisobutyl group is derived from
polyisobutene containing at least 90 weight percent methylvinylidene
isomer. 4. The Mannich condensation product of any one of the preceding

claiméa)whefeinP@lgissatyisbbutgtigisgh haxsorapeatverageprdlibulavherein
weight in them@rgﬂﬁy%&smy alBub 5SRO0 daRRRUERR0B:RisERE MRS aining at
cla

condensation product of claim 4, wherein the polyisobutyl group has a
number aver S8 motectigfWei§fl F5the ML GRHERNSOER0 @'FodiAs 2

1,500. - -47 number average molecular weight in the range of from about
400 to about 5,000;

(b} an aldehyde;
{c) an amino acid or ester derivative thereof; and
(d) an alkali metal base.

2. The Mannich condensation product of claim 1, wherein the polyisobutyl
group of the polyisobutyl-substituted hydroxyaromatic compound in (a)
is derived from polyisobutene containing at lteast 70 weight percent

methylvinylidene isomer.

3. The Mannich condensation product of claim 2, wherein the polyisobutyl
group is derived from polyisobutene containing at least 90 weight

percent methylvinylidene isomer.

4, The Mannich condensation product of any one of the preceding claims,
wherein the polyisobutyl group has a number average molecular weight in the
range of from about 500 to about 2,500.

5. The Mannich condensation product of claim 4, wherein the polyisobutyl
group has a number average molecular weight in the range of from

about 700 to about 1,500.

- - 47 -



6. The Mannich condensation product of claim 5, wherein the polyisobutyl
group has a number average molecular weight in the range of from about
700 to about 1,100. 7. The Mannich condensation product of anyone of
the preceding claims, wherein the aldehyde is formaldehyde or
paraformaldehyde. 8. The Mannich condensation product of claim 7,
wherein the aldehyde is paraformaldehyde. 9. The Mannich condensation

grodugtef AMnARS ALINBIHEARMNG SIRIBSor VSIR IS NG herein the polyisobutyt

polyisobutyl-substituted hydroxyaromatic compound is present in- a
diluent?8P T%%SM%nHféﬁ%n@gﬁéa&ﬁ)mﬁ?@&ﬁlﬁrom&ﬁ{)g?mﬁ%rém of from
diluensis arr@tkensdavingpone carbon atom to about 10 carbon atoms.

11. The Mannich condensation product of claim 10, wherein the alkanol is
methanol. 12. The Mannich condensation product of anyone of the

orecedin® MaRMChWHRAERNBREPRIETE T Akafinvatal Rl dRsigesceslinthelaims,
Mannigh&endgrsatien e g efalrin dLonhetebiiRaalkalb. metal

hydroxide is sodium hydroxide. 14. The Mannich condensation product of
anyone of the preceding claims, wherein the amino acid is glycine. 15. A

Mannithedfieremrishtiennsietistioprapateatbftiiaimamiothesitdheaticielifde is

- (a) a pRivisshuwkspatituted hydroxyaromatic compound having the
formula -48 OH R3

9. The Mannich condensation product of any one of the preceding claims,
wherein the polyisobutyl-substituted hydroxyaromatic compound is present in

a diluent.

10. The Mannich condensation product of claim 9, wherein the diluent is

an atkanol having one carbon atom to about 10 carbon atoms.

11. The Mannich condensation product of claim 10, wherein the alkanol is

methanol.

12.  The Mannich condensation product of anyone of the preceding claims,

wherein the base is an alkali metal hydroxide.

13. The Mannich condensation product of claim 12, wherein the alkali

metal hydroxide is sodium hydroxide.

14. The Mannich condensation product o_f anyone of the preceding claims,

wherein the amino acid is glycine.

15. A Mannich condensation product prepared by the Mannich

condensation of:

(a) a polyisobutyl-substituted  hydroxyaromatic compound  having

the formula

- -48-



Rt1 2 wherein R, is polyisobutyl derived from polyisobutene containing 3
at least 50 weight percent methylvinylidene isomer and having a 4
number average molecular weight in the range of about 400 to 5 about
5,000, R2 is hydrogen or lower alky having one carbon 6 atom to about
10 carbon atoms, and R3 is hydrogen or -OH; 7 (b) a formaldehyde or an
aldehyde having the formula O R'1H 8 9 whereln R'is branched or linear
alkyl having one carbon atom to 10 abouf 0 carbon atoms, cycloalkyl
having from about 3 carbon 11 atoms to gbout 10 carbon atoms, aryl
having from about 6 carbon 12"&oms tg-abeut 10 carbon atoms, alkaryl
having from about 7 13 carbon atom it 2Q,carbon atoms, or aralkyl
having from 14 about 7 carbon atoms_to about 20 carbon atoms; 15 (c)
an amino acid or ester derivative thereofhaying the formula NH2 W 16
Co02A -49 1 wherein W is-[CHR"]-m wherein‘gach R" is independently H,
12 alkyl having one carbon atom to about 15 cafbon atoms, or a 3
substituted-alkyl having one carbon atom to about 10 carbon 4 atoms and
one or more substituents selected from the group f5 COI‘ISIStlI’l of amino,

Zam|do benzyl, égh%%n ﬁ%wﬁ&%,y:sobutyl derived from polyis butene containing

3 at least 50 weight percent methylvinylidene isomer and having a
4 number average molecular weight in the range of about 400 to

5 about 5,000, Ry is hydrogen or lower alky having one carbon

6 atom to about 10 carbon atoms, and Rg is hydrogen or ~OH;

7 (b}  aformaldehyde or an aldehyde having the formula

O
R'/U\H

3

9 wherein R’ is branched or linear alkyl having one carbon atom to
10 about 10 carbon atoms, cycloalkyl having from about 3 carbon
11 atoms to about 10 carbon atoms, aryl having from about 6 carbon
12 atoms to about 10 carbon atoms, alkaryl having from about 7
13 carbon atoms to about 20 carbon atoms, or aralkyl having from
14 about 7 carbon atoms to about 20 carbon atoms;

15 (c} anamino acid or ester derivative thereof having the formula

. NH;
W
™~
16 COA

- 49 -



6 hydroxyphenyl, imidazolyl, imino, phenyl, sulfide, or thiol; and m 7 is an
integer from one to 4, A is hydrogen or alkyl having one 8 carbon atom to
about 6 carbon atoms; and 9 (d) an alkali metal base. 10 16. A Mannich

condensation product having the formula OH Y/RYR1Z W1 CO2X R,
11 n 12 wherein each R is independently -CHR'-, wherein R" is branched

10or 13 linear alkylhswing/one t0GHRUL-10/¢arhon atom$ cycloalkybhawinty H,
5 14 from about 3 ? y‘fon atoms to about 1 carbo at m ﬁ%haw #afrom
15 about 6 carb%< BﬂYé”t% WL O&a? on ;;‘1?0 H Ik r‘ﬁl"j fy O7 @

316 about 7 carb@rb@tﬁﬂt&d@aﬂ@@lﬂta&@xgajbematbmsamaralkydndmatvrrtgd‘mmn
4 17 about 7 carbo atoms fo about 20 carbon ﬁ |s a ng |s?but§:£
18 group derlveﬁ r%‘r%%% %%%S{ewgrgoﬂfgl t| lijeg eas 8V SreeRt P
519 methylvinyIidﬁn&;lstmg;e@fa@dxshavlzmg]zamlmtaemaxzerageyhcbigmtﬁag/lzo
weight in the range of abput 400 to ab 5000
6 ke motal o SOOI SHE St aR: S bt KBt and m
7atoms; 3 W is-[GHE ]ni@g@emeaﬁh ® 45%@6@&1@@@@@6@&&%%@93%

4 carbon atom t t arb t tituted-alkyl
Shaving ' one CATIBHANtS SEGHELD EATARH AIGTE Atane o more

S (d) an alkali metal base.

10 16. A Mannich condensation product having the formula

OH
Y\ RYR\\Z
W i
cOx

R;
11 o T i
12 wherein each R is independently -CHR’-, wherein R’ is branched or
13 linear alkyl having one to about 10 carbon atoms, cycloatkyl having
14 from about 3 carbon atoms to about 10 carbon atoms, aryl having from
15 about 6 carbon atoms to about 10 carbon atoms, alkaryl having from
16 about 7 carbon atoms to about 20 carbon atoms, or aralkyt having from
17 about 7 carbon atoms fo about 20 carbon atoms, R is a polyisobutyl
18 group derived from polyisobutene containing at least 50 weight parcent
19 methylvinylidene isomer and having a number average molecular
20 weight in the range of about 400 to abcut 5,000,

-850 .



6 substituents selected from the group consisting of amino, amido, 7
benzyl, carboxyl, hydroxyl, hydroxyphenyl, imidazolyl, imino, phenyl, 8
sulfide, or thiol; and m is an integer from one to 4; 9 Y is hydrogen, alkyl
having one carbon atom to about 10 carbon atoms, 10 -CHR'OH, wherein
R'is as defined above, 11 or YN R W 12 XO2C 13 wherein Y'is

1 -CHR'OHwherinRBeis an detinechaboves addRoyXhaomhgldny/ @fenas atom to
defined above; 15 Z'is hydroxyl, a hydroxyphenyl group of the formula

20H 16 R2DOHHP BATMOHBRYSW CO2X Rt1 2 wherein R, R1, Y', X, and
W are as defined above, 3 and n is an integer from 0 to 20, with the

3 Proviso tkw ?’é’ﬁ&ﬂﬁ?ﬁﬁé‘ﬂéﬁ%‘é’a%h% is independently H, alkyl having one

4 carbon atom to about 15 carbon atoms, or a substituted-alkyl having
5 one carbon atom to about 10 carbon atoms and one or more
6 substituents selected from the group consisting of amino, amido,
7 benzyl, carboxyl, hydroxyl, hydroxyphenyl, imidazolyl, imino, phenyl,
8 sulfide, or thiol; and m is an integer from one to 4;
Y is hydrogen, alky! having one carbon atom to about 10 carbon atoms,
10 - -CHR'OH, wherein R’ is as defined above,
11 or
Y R
\N/ \
W
12 XOZC/
13 wherein Y’ is -CHR'OH, wherein R’ is as defined above; and R, X, and
14 W are as defined above;
15 Z is hydroxyl, a hydroxyphenyl group of the formula
OH
R;
16
17 or



2

11
12
13

RANY W C02X 5 R, 6 wherein R, R1, Y', X, and W are as defined above.
7 17. The Mannich condensation product of claim 16, wherein the 8
polyisobutyl group of the polyisobutyl-substituted hydroxyaromatic 9
compound in (a) is derived from polyisobutene containing at least 70 10
weight percent methylvinylidene isomer. 11 18. The Mannich

condensation product of claim 17,

q rein the 12 polyisobutyl group is

derived from polyisobutene contalnl g at least 90 13 weight percent

methylvinylidene isomer. -52 19. Th
any one of claims 16 to 18, 2
number average molecular weig
Mannich condensation product igf claimi]
group having a number average

1,500. 21.

Mannli:b conde{;satlon product of
}.Jjsa pbis@butyl group having a
out 509/to about 2,500. 20. The
9, wiyerein R, is a polyisobutyl
ecCular Welgj*ht of about 700 to about
on product oféRaith 20, wherein R, is a

The Mannich condensati

polyisobutyl group having a numbeﬁ,{average molecular weight of about
1700 to about 1,100. 22. A method for preventing metal ion catalyzed

oxidation
compr|5|
amount o

17.

18.

and polymerization reactlons |n a hydrocarbon medium
eque the additi n of an effectlve
asma%f}ﬁa%ﬁv?ﬁ GRS E e

and n is an integer from 0 to 20, with the proviso that whenn =0, Z

must be;

OH
R Y
\\N/
/
W
\
CO,X
R;

wherein R, R4, Y7, X, and W are as defined above.

The Mannich condensation product of ¢laim 16, wherein the
polyisobutyl group of the polyisobutyl-substituted hydroxyaromatic
compound in {(a) is derived from polyisobutene containing at least 70

weight percent methylvinylidene isomer.

The Mannich condensation product of claim 17, wherein the
polyiscbuty! group is derived from polyisobutene containing at least 80

weight percent methylvinylidene isomer,

-E5D -



Y/R\/RIYZW 1 CO2X R1n wherein each R is independently -CHR'-,
wherein R' is branched or linear alkyl having one to about 10 carbon
atoms, cycloalkyl having from about 3 carbon atoms to about 10 carbon
atoms, aryl having from about 6 carbon atoms to about 10 carbon atoms,
alkaryl having from about 7 carbon atoms to about 20 carbon atoms, or
aralkyl having from about 7 carbon atoms to about 20 carbon atoms R1 is

fopolyigabuivhmes éo%%@&%ﬁ’sﬂ)&@&‘cﬁ%%ﬁgt&ﬁaém@%@1{281%2 \5astein R,

50 weight percent 2 methylvinylidene isomer and having a number

averagie it RRHY \WERIR AYIRS Enld bR 290 TOoRBUIRGWrighty ok about
is hydeogen, svva kadiometal ion, or alkyl having one carbon atomto 5

about 6 carbon atoms; 6 W is -[CHR"]-mwherein each R" is independently

H, alkyl having one 7 carbon atom to about 15 carbon atoms, or a
%bstiﬁhsd-mwﬁaviﬁ@ns%wbﬁ% t6falsdRifn 0 thrbwheiims Rndis a
one ohLBIEERELEHbSHIUBNERSRIgCe G fiapbiha@radl GaBRSLRG AfagHNAf about
amido (}(f benzF;Q %:%rré)@xyl, hydroxyl, hydroxyphenyl, imidazolyl, imino,

phenyr, ios%tfl {é iol; and m is an integer from one to 4; 12 Y is
hydrogen, alkyl having one carbon atom to about 10 carbon atoms, 13

2CHR'GHE, whgigihR derAelingd aheu8el4®r claim 20, wherein Ry is a
polyisobutyl group having a number average molecular weight of about
700 to about 1,100.

22. A method for preventing metal ion catalyzed oxidation and
polymerization reactions in a hydrocarbon medium  comprising
sequestering the metal ion by the addition of an effective amount of a

compound having the formula

OH
Y RYR\\Z
W 1
e
C0O,X
Ry
n

wherein each R is independently -CHR'-, wherein R’ is branched or
linear alkyl having one to about 10 carbon atoms, cydoalkyl having
from about 3 carbon atoms to about 10 carbon atoms, aryl having from
about 6 carbon atoms to about 10 carbon atoms, alkaryl having from
about 7 carbon atoms to about 20 carbon atoms, or aralkyl having from

about 7 carbon atoms to about 20 carbon atoms R is a polyisobutyl

- -53-



1

above. -55
2

on

O W =~ 5

10
i

12
13

14

15

16
17

18

Y'N/R W 15 X02C 16 wherein Y'is -CHR'OH, wherein R' is as defined

above; and R, X, and 17 W are as defined above; 18 Z is hydroxyl, a
hydroxyphenyl group of the formula -54 OH R1 12 or OH ~R~may, N

W C02X 3 R, 4 wherein R, RI, Y', X, and W are as defined above, 5 and n

is an integer from 0O to 20, with the proviso that when n =0, Z 6 must be

OH RAN/YW{S02X el RofhwhretbRigRE, cEnikirand W laresas@eafisight percent

methylvinylidene isomer and having a number average molecular
weight in the range of about 400 to about 5,000;

X is hydrogen, an alkali metal ion, or alkyl having one carbon atom o

about 6 carbon atoms:

W is -[CHR"}- , wherein each R” is independently H, alkyl having cne
carbon atom to about 15 carbon atoms, or a substituted-alkyl having
one carbon atom to about 10 carbon atoms and one or more
substituents selected from the group consisting of amino, amido,
benzyl, carboxyl, hydroxyl, hydroxyphenyl, imidazolyl, imino, phenyl,

sulfide, or thiol; and mis an integer from one to 4;

Y is hydrogen, alkyl having one carbon atom to about 10 carbon atoms,

-CHR'OHM, wherein R’ is as defined above,
or
Y! R
W
xozc/

wherein Y' is -CHR'OH, wherein R’ is as defined above; and R, X, and

W are as defined above;

Z is hydroxyl, a hydraxyphényl group of the formula

_54 -



1 23. The method of claim 22, wherein R is CH2, R, is a polyisobutyl
group 2 derived from polyisobutene containing at least 50 weight percent
3 methylvinylidene isomer and having a number average molecular 4
weight of about 700 to about 1,100, W is CH2, Xis a sodium ion and n 5
is an integer between 0 and 20. 6 7 24. A method for preventing metal ion
catalyzed oxidation and 8 polymerization reg ions in a hydrocarbon
medium comprising 9 sequestering the met lon by the addition of an
effective amount of the 10 Mannich condensation product of claim 15. 11
12 25. A process for preparing a Mannich-eondensation product
comprising: 13 mixing under reaction conditions, 14 15 (a) a
polyisobutyl-substituted hydroxyaromatic compound having 16 the
formula OH R2 R3 17 R, 18 wherein R, is:petyisobutyl derived from
polyisobutene containing 19 at least 50 weight percent methylvinylidene
isomer and a 20 number average moleculagweight in the range of about
1400 to 21 about 5,000, R2 is hydrogen or Iovber alky having one carbon
22 atom to about 10 carbon atoms, and R3 is hydrogen or-OH; 23 (b) a
2formaldeh%)/(rje or an aldehyde having the formula -56

OH
R. Y!
\N/
/
W
N
CO,X
Ry
3
4 wherein R, R, Y’, X, and W are as defined above,
5 and n is an integer from 0 to 20, with the proviso that whenn =0, 2
5 must be
OH
R Y
\N/
/
W
\
CO,X
R
7
8 wherein R, R+, Y’, X, and W are as defined above.



O R"L H 1 2 or polymers thereof, wherein R' is branched or linear alkyl 3

having one carbon atom to about 10 carbon atoms, cycloalkyl 4 having

from about 3 carbon atoms to about 10 carbon atoms, 5 aryl having from

about 6 carbon atoms to about 10 carbon 6 atoms, alkaryl having from

about 7 carbon atoms to about 20 7 carbon atoms, or aralkyl having from
1abag 7 carhomraions t9 Beabalt, 20hearihoRatofis; 9 ¢)san pohmenaciyiayroup

ester derivative thereof hi\\//,inﬁoé e formula . NH2 y\(ﬁlo t%%?A thheerrceeiﬂt
2w is -[CH févr% TS PCeAR %ﬁn%(%%W%%t@ 5 alﬁ\ﬁ'ﬁavi%g one

3carbon atena toyabeyidén edsbomnsatanis) avingk8rsubsiitutacalkyl maldogiar

one carbon atom to abouyt arbon 14 an egQr.more .. .
4substituenté @Z{geﬁ%ﬁﬁn@eﬁar%%%%% @té%r;@llr?& (?fp %mll’il%,a aefﬁ)l%llg,m lon and n
sbenzyl, cagaxyhtbypdroxytwkemydzoxyphenyl, imidazolyl, imino, phenyl,

sulfide, orthiol; and m 17 is an integer from one to 4, A is hydrogen or
6alkyl having one 18 carbon atom to about 6 carbon atoms; 19 (d) in the
7pregence pfrastatkalionetalbasedoraiitain theatdywrecho 20 sttmdensation

product, 21 26. The process af claim 25, wherein the polyisobutyl group of
e 25 polF RV A D RIS O TRl e e
gderived 23dtomspalyigabuteneaidntainingeat teist 7 @ iveigbtipeticergmount of the

10 Mannich condensation product of claim 15.
11
12 25. A process for preparing a Mannich condensation product comprising:
13 mixing under reaction conditions,
14 '
15 (a)  a polyisobutyl-substituted hydroxyaromatic compound having
16 the formuia
OH
Ry
Rj

R
17 '
18 wherein R, is polyisobutyl derived from polyisobutene containing
19 ' at teast 50 weight percent methylvinylidene isomer and a
20 number average molecular weight in the range of about 400 to
21 about 5,000, R; is hydrogen or lower alky having one carbon
22 atom to about 10 carbon atoms, and Rj is hydrogen or —~OH;
23 (b)  aformaldehyde or an aldehyde having the formula
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9

10

1
12
13
14
15
16
17
18

15
20

21
22
23
24

24 methylvinylidene isomer. -57 27. The process of claim 26, wherein the
polyisobutyl group is derived from polyisobutene containing at least 90
weight percent methylvinylidene isomer. 28. The process of any one of
claims 25 to 27, wherein the R1 polyisobutyl in (a) has a number average
molecular weight of about 500 to about 2,500. 29. The process of claim
28, wherein the R, polyisobutyl in (a) has.a number average molecular

the Ri polyisobutyl in (a) has a number average molecular weight of about

weight of about 700 to about 1,500. BGO;Ei:rocess of claim 29, wherein

700 to about 1,100. 31. The procesi&of anyonH of claims 25 to 29, wherein
Tthe aldehyde (b) is formaldehyde or paraformaldehyde. 32. The process
of claim 31, wherein the aldehyde is paraformaldehyde. 33. The process

2 of anyone of claipis2hytasia tndessindhersolyisabudnsubatitutetkar alkyl
hydroxyaromatic compound (a) is in a diluent, 34, The process of claim

333, wherein the QRIRE iSTh SIMOARNING BREWalB S atsha g abotitlealky!

4 carbon atoms. 3%alhe;AreeessefichiarBdnviereindhealken®isrbon atoms,
methanol. 36. The process of anyone of claims 25 to 35, wherein the base

5in (d) is an alkali #eREAYE BRI B HH EBRIL LB IS AL HerRIRON
gthe alkali metal hydiexidstis so s diidioxide 38, dheerosesssofo about 20

anyone of claims 25 to 37, wherein the aming acid (c) is glycine. -58 1 39.
7 A lubricating oil CEHRSISB o MPARMIY BRI HBumRr Jitah Girgprpatoms o
g lubricating viscosibynang @ daimeneiieetiye amount of one or more

26.

{c} an amino acid or ester derivative thereof having the formula

NH»

/

W

CO%A

wherein W is -[CHR"}- ,, wherein each R” is independently H,
alkyl having one carbon atom to about 15 carbon atoms, or a
substituted-alkyl having one carbon atom to about 10 carbon
atoms and one or more substituents selected from the group
consisting of amino, amido, benzyl, carboxyl, hydroxyl,
hydroxyphenyl, imidazolyl, imino, phenyi, sulfide, or thiol; and m
-is an integer from one to 4, A is hydrogen or alkyl having one

carbon atom to about 6 carbon atoms;

(d) inthe presence of an alkali metal base to obtain the Mannich

condensation product,

The process of claim 25, wherein the polyiscbuty! group of the
polyisobutyl-substituted hydroxyaromatic compound in (a) is derived
from polyisobutene containing at least 70 weight percent

methylvinylidene isomer.
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3 Mannich condensation products having the formula OH YRRY Z| W
C02X R, 4 n 5 wherein each R is independently -CHR'-, wherein R' is
branched or 6 linear alkyl having one to about 10 carbon atoms,
cycloalkyl having 7 from about 3 carbon atoms to about 10 carbon atoms,
aryl having from 8 about 6 carbon atoms to about 10 carbon atoms,
alkaryl having from 9 about 7 carbon atoms to about 20 carbon atoms, or

zaralky’rﬂi@\@ﬂg;&moﬂ%muz@ Qﬂﬁ@ﬁé@nﬁiﬂ@%%mftﬁog?@%%aé%m%d from
I11 rqu derived f

R, is aéwv% l'g om polyisobutene containing at
least B0 WRABHISRE BRI T et g e R L R APk iserner
average molecular 13 weight in the range of about 400 to about 5,000; 14

2¥is hythogrshean @W@M@%@Idpeaaﬁﬁ@%y'ta@#n&@él%;ﬁqr@maﬁ%méebérén in (a)

about 6 carbon atoms; 16 W is -[CHR"]-m wherein each
indepBARBMHIECHRYPRI ﬁ@ob‘%wlwe%bﬂfmtté%wwha@%

atoms, or a substituted-alkyl having 18 one carbon atom to about 10

2arbonpiRz.and AnearMsKe v@ﬁe?&gsﬂ@q@tspﬁ%gﬁgt o dtgf r%%‘éo number
consisting of amino, amido, 20 benzyl, carboxyl ’Y)%dro Oﬁi, Xyp enyIu

|m|da§8f§?9ﬁ1m8!%H@ﬁwe@ftﬁflﬁaéubm%? ey integer from one
to 4;-59 1Y is hydrogen, alkyl having one carbon atom to about 10

Sﬁ?rbo?h%t%%ess of claim 29, wherein the Ry polyisobutyt in (a) has a number
average molecular weight of about 700 to about 1,100.

31.  The process of anyone of claims 25 to 29, wherein the aldehyde (b) is

formaldehyde or paraformaldehyde.
32.  The process of claim 31, wherein the aldehyde is paraformaldehyde.

33. The process of anyone of claims 25 to 32, wherein the polyisobutyl-

substituted hydroxyaromatic compound (a) is in a diluent.

34.  The process of claim 33, wherein the diluent is an alkanol having one carbon

atom to about 10 carbon atoms.
35.  The process of claim 34, wherein the alkanol is methanol.

36.  The process of anyone of claims 25 to 35, wherein the base in (d) is an alkali
metal hydroxide.

37.  The process of claim 36, wherein the alkali metal hydroxide is sodium

hydroxide.

38.  The process of anyone of claims 25 to 37, wherein the amino acid (c) is

glycine.



1

2

3

14
15

16
17
18
19
20
21

2 -CHR'OH, wherein R' is as defined above, 3or Y\R | W 4 X02C 5
wherein Y'is -CHR'OH, wherein R' is as defined above; and R, X, and 6
W are as defined above; 7 Z is hydroxyl, a hydroxyphenyl group of the
formula OH 8R, 9orOHRY 1\ W CO2X RI 10 11 wherein R, R,, Y',
X, and W are as defined above, -60 1 and n is an integer from 0 to 20,

witB3he proluseithdihybécormpdsEicd nustrsioiHaymijo amount of an ol of

lubricating viscosity and a minor effective amount of one or more
Mannich condensation products having the formula

OH

Y R R.
N / Y \Z
o :
N p
COX
R

wherein each R is independently ~-CHR'-, wherein R’ is branched or
linear alkyl having bne to about 10 carbon atoms, cycloalkyl having
from about 3 carbon atoms to about 10 carbon atoms, aryl having from
about 6 carbon atoms to about 10 carbon atoms, alkaryl having from
about 7 carbon atoms to about 20 carbon atoms, or aralkyl having from
about 7 carbon atoms to about 20 carbon atoms, R is a polyisobutyl
group derived from polyiscbutene containing at ieast 50 weight percent
methylvinylidene isomer and having a number average molecular -
weight in the range of about 400 to about 5,000,

X is hydrogen, an alkali metal ion, or alkyl having one carbon atom to

about 6 carbon atoms;

W is —[CHR"]- ,y wherein each R” is independently H, alkyl having one
carbon atom to about 15 carbon atoms, or a substituted-alkyl having
one carbon atom to about 10 carbon atorms and one or more
substituents selected from the group consisting of amino, amido,
benzyi, carboxyl, hydroxyi, hydroxyphenyl, imidazolyl, imino, phenyi,

sulfide, or thiol; and m is an integer from one to 4;

-hg .



CO2X 3 R14 wherein R, RI, Y, X, and W are as defined above. 5 40. The
lubricating oil composition of claim 39, wherein R is CH2, Riis 6
polyisobutyl group derived from polyisobutene containing at least 50 7
weight percent methylvinylidene isomer and having a number average 8
molecular weight of about 700 to about 1,100, W is CHR', wherein R" 9 is

1H, Xis a sadisimyibngea rlisyahantegerietwdem Giind R0aboul1Mtakon atoms,

2Iubr!cat@ng"8m&o . o\js\}}igpeﬁ:{?@pg%@gq%m%@ra%n\%unt of an oil of 12
lubricating viscosity and a minor effective amount of one or more 13
Mannich condensation products of claim 15. 14 15 42. A lubricating oil

zconcentratg comprising from about 90 weight percent 16 to about 10
weight percent of an oil of lubricating viscosity and from 17 about 10
weight percent to about 90 weight percent of one or more 18 lubricating
Mannich condensation products ha\)’l'ngéhe/foﬁm{%ﬁl OH YRRWI
CO2X R,n 1. 2wherein each R is ind&pendently -CHR'-, wherein R' is

branched or 3 linear alkyl having one to 3bout 10 carbon atoms,

cycloalkyl having W

4 xozc/

wherein Y is -CHR'OH, wherein R’ is as defined above:; and R, X, and

6 W are as defined above;
7 Z is hydroxy!, a hydroxyphenyl group of the formula
OH
R
8 3
9 or
OH
R Y'
\N/
/
W
\
CO,X
Ry
10
11 wherein R, Ry, Y', X, and W are as defined above,
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1

4 from about 3 carbon atoms to about 10 carbon atoms, aryl having from

5 about 6 carbon atoms to about 10 carbon atoms, alkaryl having from 6
about 7 carbon atoms to about 20 carbon atoms, or aralkyl having from 7
about 7 carbon atoms to about 20 carbon atoms, and Ri is a 8 polyisobutyl
group containing at least 50 weight percent 9 methylvinylidene isomer and
having a nimbersayeiage mateswiatolfowgight i the vangeef abewt 4600, 7
to about 5,000; 11 X is hydrogen, an alkali metal ion, or alkyl having one

2to about 6™8'¥fbon atoms; 13 W is [CHR"]-mwherein each R" is

independently H, alkyl having one 14 carbon atom to about 15 carbon
atoms, or a substituted-alkyl having 15 one carbon atom to about 10
carbon atoms and one or more 16 $#Bstituents selected from the group
consisting of amino, amido, 17 benzyl, carboxyl, hydroxyl, hydroxyphenyl,
imidazolyl, imino, phenyl, I8-sulfigear thiotRand m-i§ an integer from one
to 4; 19 Y is hydrogen, alkyl havihg onejcarbon atom to about 10 carbon

X, and 3 W are as defined above;

Z is hydroxyt;@ ydroxyphenyl group
of the formula OH R, _

R,

wherein R, Ry, Y', X, and W are as defined above.

40.  The lubricating oil composition of claim 39, wherein Ris CH;, Ry is
polyisobutyl group derived from polyisobutene containing at least 50
weight percent methyivinylidene isomer and having a number average
molecular weight of about 700 to about 1,100, W is CHR, wherein R”

- is H, X'is a sodium ion and n is an integer between 0 and 20.

41, Alubricating oil composition comprising a major amount of an oil of
lubricating viscosity and a minor effective amount of one or more

Mannich condensation products of claim 15.

42. A lubricating oil concentrate comprising from about 90 weight percent
to about 10 weight percent of an oil of lubricating viscosity and from
about 10 weight percent fo about 90 weight percent of one or more

lubricating Mannich condensation products having the formula
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56 orOH\N W C02X 7 8 wherein R, R1, Y', X, and W are as defined
above, 9 and n is an integer from 0 to 20, with the proviso that when n =0,
Z 10 mustbe -63OHRNY, WCO2X 1Rr2wherein R, R1, Y, X, and
W are as defined above. 3 41 The lubricating oil concentrate of claim 42,
wherein R is CH2, R, is alkyl 4 group having a number average molecular
weight of about 700 to 5 a 1,000, W is CHR"*wherein R"is H, X is a
sodium ion and nis an 6 integesetween 0 and 20,7 8 44. A lubricating
oil concentrate comprising from iabout 90 weight percent 9 to about 10
weight percent of an oil .of lubricating visgosity and from 10 about 10

0 o ~N o ;g AW N

-
<

i1
12

13
14
15
16
17
18

19
20

21

weight percent to about 90} ht ent ofprie orjmore 11 lubricating
Mannich condensation progucts of ¢laim 15. 12
W 1
. Py
CO,X
R;
T — N

wherein each R is independently -CHR’-, wherein R’ is branched or
linear alkyt having one to about 10 carbon atoms, cycloalkyl having
from about 3 carbon atoms to about 10 carbon atoms, aryl having from
about 6 carben atoms to about 10 carbon atoms, alkaryl having from
about 7 carbon atoms to about 20 carbon atoms, or aralkyl having from
about 7 carbon atoms to about 20 carbon atoms, and Ry is a
polyisobutyl group containing at least 50 weight percent
methylvinylidene isomer and having a number average molecular

weight in the range of about 400 to about 5,000;

X is hydrogen, an alkali metal ion, or alkyl having one to about 6

carbon atoms;

W is ~[CHR"]-, wherein each R” is independently H, aikyl having one
carbon atom to about 15 carbon atoms, or a substituted-alkyl having
one carbon atom to about 10 carbon atoms and one or more
substituents selected from the group consisting of amino, amido,
benzyl, carboxyi, hydroxyl, hydroxyphenyl, imidézoiyl, imino, phenyl,

sulfide, or thiok; and m is an integer from one to 4;

Y is hydrogen, alkyl having one carbon atorn to about 10 carbon atoms,
-CHR'OM, wherein R’ is as defined above,

or
-62 -



13 45. A fuel composition comprising a major amount of hydrocarbons
boiling 14 in the gasoline or diesel range and a minor effective amount of
one or 15 more Mannich condensation products having the formula 16
OH YRR yl_W CO2X RI 17 64 1 wherein each R is independently
-CHR'-, wherein R' is branched or 2 linear alkyl having one to about 10
carbon atoms, cycloalkyl having 3 from about®.carbon atoms to about 10
carbon atoms, aryl having from 4 about 8 carbon atoms to about 10
carbon atoms, alkaryl having from 5 about 7 carbon atoms to about 20
carbon atoms, or aralkyl having from 6 ahout 7 carbon atoms to about 20
carbon atoms, and R, is a 7 polyj yl group containing at least 50
weight percent 8 methylvinylidene isomer and having a number average
molecular 9 weight in the range of about 400 to about 5,000; 10 X is
2hydrogen vdre egicall metdl idR OFalkyidiaving dnesaiaboatiebansorandl R, X, and
satoms; 12\/\//\/ g L%I—H% }ngej \Q{BS\J in each R" is independently H, alkyl
havmg one I carbon atom to about 15 carbon atoms, or a
substituted-alkyl having 14 one carbon atom to about 10 carbon atoms

4and one OZ@Q{?&@@HbﬂHV@fH%ﬁ?\'@ﬁW@FHMB dhergraspaasisting of
amino, amido,

OH
R
5 1
6 or
OH
R. !
\N/
/
W
\
COX
7 R
8 wherein R, Ry, Y', X, and W are as defined above,
9 and n is an integer from C fo 20, with the proviso that whenn =0, Z
10 must be

“ 83 .



~OH 1R, 20orOH~'/Y W C02X 3

17

16 benzyl, carboxyl, hydroxyl, hydroxyphenyl, imidazolyl, imino, phenyl,
17 sulfide, or thiol; and m is an integer from one to 4; 18 Y is hydrogen,
alkyl having one carbon atom to about 10 carbon atoms, 19 -CHR'OH,
wherein R' is as defined above, 20 or YA N R W 21 x02C 22 wherein Y' is
-CHR'OH, wherein R' is as defined above; and R, X, and 23 W are as
defined above; 24 Z is hydroxyl, a _(Iiiroxyphenyl group of the formula -65

4 wherein R, R1, Y', X, and W are
er fro to 20, with the proviso that

mé)\ /\fW P

N

as defined above, 5 and n is an int
whenn=0,Z 6 mustbe O

wherein R, Ry, Y', X, and W are as defined above.

43.  The lubricating olf concentrate of claim 42, wherein R is CH», Ry is alkyl
group having a number average molecular weight of about 700 to
about 1,000, W is CHR', wherein R" is H, X is a sodium ion and n is an

integer between 0 and 20.

44,  Alubricating oif concentrate comprising from about 90 weight percent
to about 10 weight percent of an oil of lubricating viscosity and from
about 10 weight percent to about 90 weight percent of one or more

lubricating Mannich condensation products of claim 15.

45.  Afuel composition comprising a major amount of hydrocarbons boiling
in the gasoline or diesel range and a minor effective amount of one or

more Mannich condensation products having the formula

- B4 -



CO2X 7 R, 8 wherein R, R1, Y', X, and W are as defined above. -66 1

46. The fuel composition of claim 45, wherein R is CH2, R1 is polyisobutyl

2 group derived from polyisobutene containing at least 50 weight percent

3 methylvinylidene isomer and having a number average molecular 4

weight of about 700 to about 1,000, W is CHR , wherein Ris H, Xisa 5
1sodium ioR,R8EL I IS Athirtegaidgtuweashd a9 - 6, KA &iuUed branched or

composition comprising a major amount of hydrocarbons boiling 8 in the

2gasoline dFEiRsalndHYe B iR SR R ERRUAI ST EnEYTC8 bR vVing

3Mannich cpidensation paesictstoftiaimbbul 00 BhAd rAdieghsonegmEateg from
comprising an inert stable oleophilic organic solvent 12 boiling in the

“range of frofR @EbERBEEE B ABGULARRY GHY FRERPRESAMEs A6aRdigRYINg from

spercent toARket 79 hviriahitpaisaptafnne oumnemnMannishoddralky! having from
condensation products havin%tg']e formulaOH YRN/RZ W CO2X 15

6R, 16 17 (Mdeinh RIQURAEBHYP SR hra R AHTE i€ dhched or

7linear 18 gltyldaaving greigarbamiem 40i8heusd Qearhopaiasms,

cycloalkyl L _ :
8 methylvinylidene isomer and having a number average molecular

9 weight in the range of about 400 to about 5,000;
10 X is hydrogen, an alkali metal ion or alkyl having one to about 6 carbon
11 atoms;
12 W is —[CHR"]- , wherein each R” is independently H, alkyl having one
13 carbon atom to about 15 carbon atoms, or a substituted-alkyl having
14 one carbon atom to about 10 carbon atoms and one or more
15 substituents selected from the group consisting of amino, amido,
16 benzyl, carboxyl, hydroxyl, hydroxyphenyl, imidazoiyl, imino, phenyl,
17 sulfide, or thiol; and m is an integer from one to 4;
18. Y is hydrogen, alkyl having one carbon atom to about 10 carbon atoms,
18 -CHR'OH, wherein R’ is as defined above,
20 or
Y R
\N/ Ny
W

21 XOEC/
22 wherein Y’ is -CHR'OH, wherein R’ is as defined above; and R, X, and
23 W are as defined above;

24 Z is hydroxyl, a hydroxyphenyl group of the formula
‘ - B5 -



19 having from about 3 carbon atoms to about 10 carbon atoms, aryl 20
having from about 6 carbon atoms to about 10 carbon atoms, alkaryl 21
having from about 7 carbon atoms to about 20 carbon atoms, or aralkyl
22 having from about 7 carbon atoms to about 20 carbon atoms, and Rl is
23 polyisobutyl derived from polyisobutene containing at least 50 weight
24 percent methylvinylidene isomer and hayjpg a number average 25
molecular weight in the range of about 400 to about 5,000, 26 -67 X is
hydrogen, an alkali metal ion or alkyl having .one carbon atom to about 6
carbon atoms, Y is hydrogen, alkyl havj
carbon atoms, - CHR'OH, wherein R’ is|as defined above, or Y- , N/R |
W X02C wherein Y is -CHR'OH, wherein R' is as defined above; and R,
X, and W is - [CHR"]- m wherein each R" isyatependently H, alkyl having
one carbon atom to about 15 carbon atoms; or a substituted-alkyl having
one carbon atom to about 10 carbon atomszand one or more substituents

1selected from the group consisting of amino, amido, benzyl, carboxyl,
hydroxyl, hydroxyphenyl, imidazolyl, imino, phenyl, sulfide, or thiol; and m
is an integer from one to 4; Z is hydroxyl, a hydroxyphenyl group of the
formula OF RI

OH
R. Y!
\N/
/
W
A
CO,X
R
3 1
4 wherein R, R4, Y, X, and W are as defined above,
5 and n is an integer from 0 1o 20, with the proviso that whenn =0, Z
must be
OH
R - Y
\N/
/
W
\
COX
R
7 |
8 wherain R, Ry, Y, X, and W are as defined above.
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or -68 OH R\NY W CO2X 1 R1 2 wherein R, RI, Y', X, and W are as
defined above, 3 and n is an integer from 0 to 20, with the proviso that
whenn =0, Z 4 must be OH RAN W COZX 5R, 6 wherein R, RI, Y', X,
and W are as defined above. 7 49. The fuel concentrate of claim 48,
wherein R is CH2, R, is polyisobutyl 8 having a number average

1 molggularmieight o RReYE TN o aowt H51.000r M IR EHERWIRereinBsobutyl
H, X is a sodium ion and n is an 10 integer between 0 and 20. 11 12 50.

2 A fuel cor&@ﬂtﬁ?ﬁa@sf&ﬁﬁﬂf@rﬂgPai%/‘ﬁfétPHéﬁ&&&%Pé%Bmﬁc%ﬂgéﬁk%%mhtl%emm
3 boiling in %@tfﬁ}lﬂgﬁﬁﬂféﬁ@@@m&% taAbaYt2 g andirera b ot cdkdilar

10 weight percent to about 90 we gercent of one or.more Mannich 15

4condensaW§r‘9BFd%fLﬂ:tf§L&f%%ﬁP 000, W is CHR ,wherein R is H, X is

5 sodium ion and n is an integer between 0 and 20.

8

7 47.  Afuel composition comprising a major amount of hydrocarbons boiling

8 in the gasoline or diesel range and a miner effective amount of one or

9 more Mannich condensation products of claim 15.
10
11 48.  Afuel concentrate comprising an inert stable oleophilic organic solvent
12 boiling in the range of from about 65°C to about 204°C and from about
13 10 weight percent to about 90 weight percent of one or more Mannich
14 condensation products having the formula

= on —
R

W
\
CO.X
R,
15 - _in
16
17 wherein R is either CH, or CHR™ and wherein R’ is branched or linear
18 alkyl having cne carbon atom to about 10 carbon atoms, cycloalkyl
19 having from about 3 carbon atoms to about 10 carbon atoms, aryl
20 having from about 6 carbon atoms to about 10 carbon atoms, alkaryl
21 having from about 7 carbon atoms to about 20 carbon atoms, or aralkyl
22 having from about 7 carbon atoms to about 20 carbon atoms, and Ry is
23 polyisobutyl derived from polyisobutene containing at least 50 weight
24 percent methylvinylidene isomer and having a number average
25 molecular weight in the range of about 400 to ahout 5,000,
26

-B7 -



X is hydrogen, an alkali metal ion or alkyl having one carbon atom to about 6 carbon

atoms,

Y is hydrogen, alkyl having one carbon atom to about 10 carbon atoms, -
CHR'OH, wherein R’ is as defined above,

or

Y'\N/R\

|

Y

xmzc/

wherein Y' is -CHR'OH, wherein R’ is as defined above; and R, X, and W is —
[CHR}-  wherein each R is independently H, alky! having one carbon atom
to about 15 carbon atoms, or a substituted-alkyl having one carbon atom io
about 10 carbon atoms and one or more substituents selected from the group

consisting of amino, amido, benzyl, carboxyl, hydroxyl, hydroxyphenyi,

imidazolyl, imino, phenyl, sulfide, or thiol; and m is an integer from one to 4;

Z is hydroxyi, a hydroxypheny! group of the formuia

OH

or

- .68 -



10
11
12
13
14

15

49.

50.

OH

= R\N - Y
[
x \
| CO,X
Ry

wherein R, Ry, Y', X, and W are as defined above,

and n is an integer from O to 20, with the proviso that whenn =0, Z

must be

OH
R. Y
\N/
-/
W
\
CO,X
Ry

wherein R, Ry, Y, X, and W are as defined above.

The fuel concentrate of claim 48, wherein R is CH;, Ry is polyisobuty
having a number average molecular weight of about 700 to about
1,000, W is CHR', wherein R is H, X is a sodium ion and n is an

integer between 0 and 20.

A fuel concentrate comprising an inert stable oleophilic organic solvent
boiling in the range of from about 65°C to about 204°C and from about
10 weight percent to about 90 weight percent of one or more Mannich

condensation products of claim 15.



