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hig=invention relates to fuel conpositions containing am de deri )%t | y£s, &
Thod: ‘bﬁSloge'r ating an internal conmbustion engine using such fuel :
onposi tions, fuel addi t | ve concentrates, CG?I n am de derivatives [lp@r5§%py.

nd et S0 s—ell- known in thg art that internal conbustion
ngi kﬁg*‘éb‘g’gr SHE T§r| y SFar 'é gni ti onlendin it V\/nat i s
tler nibd Densintien 4 pagade gl ocmeed -.ilc| ease ef fect . 96 Qe{éé ed
Glamidncy prgsd .ah- fopagedal.fS. hew or rel ativ req
Dsevinele) quagadt.y.. fu)enagexl; ape ating tine accurrul ates, and is
ddstradt wi: mhgdhé'fmpmd an..of mEposoMpesitIoNBe regi on of the combustion
Luring.inifial operation of a new or clean engine, a

Ual T ncrease T otrane—r emrent, i.e., fuel octane nunber required
knock-free opeThis davertionlredavesdto fuel compositions containing amide

derivatives, a method of operating an internal combustion engine
using such fuel compositions, fuel additive concentrates, certain
amide derivatives per se and their preparation.

It is well known in the art that internal combustion engines,
more particularly spark ignition engines, tend to exhibit what is
termed the octane requirement increase effect. This effect may be
described as the tendency for an initially new or relatively clean
" engine to require higher octane quality fuel as operating time -

10 accumulates, and is coincidental with the formation of deposits in
the region of the combustion chamber of the engine.

During initial operation of a new or clean engine, a gradual
increase in octane requirement, i.e., fﬁel octane number required
for knock-free operation, is observed with an increasing build up

15 of combustion chamber deposits until a SCable'of equilibrium octane
requirement level is reached. This level appears to correspond to
a point in time when the quantity of deposit accumulation on the
combustion chamber and valve surfaces no longer increases but
remains relatively constant. This so-called "equilibrium value" is

20 normally reached between 3,000 and 20,000 miles or corresponding
hours of operation. The actual equilibrium value of this increase
can vary with engine design and even with individual engines of the
same design; however, in almost all cases, the increase appears to

be significant, with octane requirement increase values ranging
25

from about 2 to about 10 research octane numbers being commonly

! observed in modern engines. -
' Accumulation of deposits on the intake valves of internal
combustion engines also presents problems., The accumulation of
such deposits is characterized by overall poor driveability

30 including difficulty in starting, tendency to stall, inclination to

stumble during acceleration and rough engine idle.
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'thén increasing build up of combustion chanber deposits until a stable
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5 a decrease in octane requirement.

Continued improvements in the design of internal combustion
engines, e.g., fuel injection and carburetor engines, bring changes
to the enviromment of such engines thereby creating a continuing

need for new additives to control the problem of inlet system

10 deposits and to improve driveability which is usually related to
deposits.
US Patent 4,958,032 (0'Lenicle) describes a class of lactam
) compounds of general formula
Hz"’ Cl Hy
H C==0
25
|
(CH2)3——(OCHZCH2)Z(OCHZ?H)y(OCHZCHZ)xf—OR
: CH3
wherein;
15 R is an alkyl having from 10 to 36 carbon atoms;

X, ¥y and z are independently integers from 0 to 50, with the
proviso that the sum of x+y+z be greater than zero. These compounds
are described as prime candidates for cosmetic applications, and
; particularly as hair conditioning agents.

? 20 US Patent 4,975,159 (Dahms, assigned to Schering A.G.) relates
to aqueous acidic baths for electrodeposition of copper coatings
wherein shininess and mechanical properties of the copper coatings
are enhanced by inclusion in the bath of a substituted alkoxylated
lactam which is édvantageously of the general formula

O==C N—-( CH—CH 0) —H
: \( )/ R
25 wherein R is methyl or hydrogen,

A is a hydrocarbon residue, preferably a -CH,- group,

2
n is a whole number from 2 to 10, advantageously from 2 to 5, and
m is is a whole number from 1 to 50.
————-___;_______________
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fuel composition comprising a mixture of a major amount of
hydrocarbons in the gasoline boiling range and a minor amount of an
additive compound, more particularly a cyclic amide alkoxylate,

having the general formula I:

(RyR,C) % \N.-—-Rs ---o-—{-n,, ---o}---as (I)
Y

wherein x is from 2 to 20; y is from 1 to 50. R1 and R2 are
independently hydrogen or optionally substituted hydrocarbyl of 1
to 100 carbon atoms; R3 is optionally substituted hydrocarbyl of 1
to 100 carbon atoms; each R4 is independently optionally
substituted hydrocarbyl of 2 to 100 carbon atoms; R5 is hydrogen,
or optionally substituted hydrocarbyl of 1 to 100 carbon atoms or
acyl of 1 to 20 carbon atoms and the average formula weight of the
additive compound is at least 600.

The term "average formula weight" corresponds to average

relative molecular mass, i.e. the sum of the relative atomic masses

~of the constituent atoms of an average molecule. This wvalue may be

25

estimated from the relative quantities of reagents used in the
preparation of the compound of formula I, or it may be assessed by
an appropriate method of determination of number average molecular
weight, to which it closely corresponds.

The average formula weight of the additive compound of
formula I is preferably from 800 to 4000, more preferably from 800
to 2000, and advantageously from 1000 to 2000.
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ctam conmpounds of general fornmula [err] wherein; R is an al kyl having
om 10 to 36 carbon atons; x, y and z are independently integers fromO to
, Wi t'h the proviso that the sum of x+y+z be greater than zero. These
npounds are described as prinme candidates This is the replacenent sheet
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chani cal properties of the copper coatings .aré enhanced
atom of a hydrocarbon (not necessarily the same carbon atom).

Useful hydrocarbyls are aliphatic, aromatic, substituted,

5 unsubstituted, acyclic or cyclic. Preferably, the hydrocarbyls are
aryl, alkyl, alkenyl or cycloalkyl and are straight-chain or
branched-chain. Representative hydrocarbyls include methyl, ethyl,
butyl, pentyl, methylpentyl, hexenyl, ethylhexyl, dimethylhexyl,
octamethylene, octenylene, cyclooctylene, methylcyclooctylene,

10 dimethylcyclooctyl, isooctyl, dodecyl, hexadecenyl, octyl, eicosyl, -
hexacosyl, triacontyl and phenylethyl.. When the hydrocarbyl is
substituted, it contains a functional group such as carbonyl,
carboxyl, nitro, amino, hydroxy (e.g. hydroxyethyl), oxy, cyano,
sulfonyl, and sulfoxyl. The majority of the atoms, other than

15 hydrogen, in substituted hydrocarbyls are carbon, with the
heteroatoms (e.g., oxygen, nitrogen, sulfur) representing only a
minority, 33% or less, of the total non-hydrogen atoms present.

Those skilled in the art will appreciate that functional
groups such as nitro, amino (-NHZ), hydroxy and cyano in a -

20 substituted hydrocarbyl group will displace one of the hydrogen
atoms of the hydrocarbyl, whilst functional groups such as
carbonyl, carboxyl, amino (-&~, -NH-), oxy, sulfonyl and sulfoxyl
in a substituted hydrocarbyl group will displace a -éH- or -CHZ-
moiety of the hydrocarbyl. In ‘"optionally substituted hydrocarbyl

25 of 1 to 100 carbon atoms", "1 to 100 carbon atoms” represents the
total number of carbon atoms in the optionally substituted
hydrocarbyl group.

When R
are each preferably optionally substituted hydrocarbyl of 1 to 20

1 and/or R2 are optionally substituted hydrocarbyl, they

30 carbon atoms, even more preferably, alkyl of 1 to 20 carbon atoms

and most preferably alkyl of 1 to 8 carbon atoms. When R, and/or

1
R2 are hydrocarbyl of a relatively high number of carbon atoms,

i.e., greater than about 50 carbon atoms, Rl-and/or R, may

2
conveniently be represented by polymeric hydrocarbyls such as

35 polyisobutylene, polybutene, polypropylene or polyalpha olefin.

—_—
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imclusion in the bath of a substituted al koxylated | actamwhich is

ant ageously of the general fornula [err] wherein Ris nethyl or

rogen, A is a hydrocarbon residue, preferably a -CH2- group, nis a

| e nunber from2 to 10, advantageously from2 to 5 and mis is a whole

nifber from1 to 50. It has now been found ?hat use in an internal

cdbusti on engi ne of fuel conpositions containing certain cycljc amde
alkoxyl at es can' Y882y c 8Rt ¥aRASToPr OFf e 2P e L& IDIFECBHLT 2k BRT SPTe
reglucti on of ocpreferted) Hokchay ofa(id/a_ﬁﬂ R edoe Bydffgennt Bk formilael, x is
deposits.. Accopding to the prese iznverftion .there | r Qi fuel
cofmposi tion corr%ﬁ%?nﬁf gtom ?(’F‘iﬁ%é'aﬁy ETRBj 0F°arir}bun xaénfiﬁycfr oggf%gﬁéaﬁﬁ t he
gakol i ne boi | i nprefamged andpauntdsnof formuld Io&reamhaskdiini vieichorpizidd, 5 nor e
palticul arlsy a gyclyi ' l.koxyl at.e vin ’ ner formula I: [err]
whigrei n x iss frg%ﬁ } ?% (#gx;:/g?]‘g ?]r\'(%"?ntslt? ?56‘.’&[3%?%!}&? 5 ﬂ 5, Ohddt

advantageously 3.

R3 is optionally substituted hydrocarbyl of 1 to 100 carbon -
atoms, preferably of 1 to 20 carbon atoms. When R, is hydrocarbyl
of a relatively high number of carbon atoms, i.e., greater than

10 about 50 carbon atoms, R3 may conveniently be represented by
polymeric hydrocarbyls such as polyisobutylene, polybutene,
polypropylene or polyalphaolefin. farticularly preferred compounds
are those in which R, is alkylene of 1 to 20 carbon atoms, more
preferably alkylene of 2 to 10 carbon atoms, and most preferably

15 alkylene of 2 to 4 carbon atoms, e.g. ethylene optionally
substituted by a methyl or ethyl group.l

In formula I, y is from 1 to 50, preferably from 8 to 40, more
preferably from 8 to 30, e.g. from 9 to 29, and even more
preferably from 18 to 24. Those of ordinary skill in the art will

20 recognize that when the compounds of formula I are utilized in a
composition, y will not have a single value applicable for each
molecule but will instead be represented by a range of different
values. As used in this specification, y is considered to be a
(number) average of the various values of y that are found in a

25 given composition, which number has been rounded to the nearest
integer. The breadth of the range of individual values of present
in a givén composition is indicated by the polydispersity
(polydispersity = weight average molecular weight divided by the
number average molecular weight).

30 Each R, is independently optionally substituted hydrocarbyl of
2 to 100 carbon atoms, preferably of 2 to 20 carbon atoms, more
preferably of 2 to 14 carbon atoms and may advantageously be four
carbon atoms. When R, is hydrocarbyl of a relatively high number
of carbon atoms, i.e., greater than about 50 carbon atoms, Rh may

35 conveniently be represented by polymeric hydrocarbyls such as
polyisobutylene, polybutene, polypropylene or polyalpha olefin.
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independently hydrogen or optionally substituted hydrocarbyl of 1 to
D carbon atons; R3 is optionally This is the replacenent sheet Date: 2 1
5 1996 Substitute sheet - 19 August 1996 -4- substituted hydrocar byl
1 to 100 carbon atons; each [err] is independently optionally
stituted hydrocarbyl of 2 to 100 carbon atons; [err] is hydrogen, or

onally_subst] tut S (el 060" fiec Ol Bd i OoF BRFOTRL B (9 110

carbon atons and avera or mula i't've compound is

| east 600. ThrichrRy iavhydagearbyl nideminel gint vicimiesponte famaler age

ative nol ecular mass, i.e.gthe sumof the relative atom c masses of the

stituent atons of an averag@ nol ecul e. This value nay be estimated from
relative quantiti-es ofcgeggents used in the preparation (I1)

I
R, B

wherein at least one of R7 and R8 is hydrogen, i.e. R4 is of

0= NOW

formula:
"‘s
-CHZ-C- (II1) or -CH-CH- (IV)
| : [ |
R6 R7 RG
5 wherein R6’ R? and R8 are each independently hydrogen or optionally

substituted hydrocarbyl, as defined hereinbefore, such that R6 and
R8 together or R7 and R8 together contain 0 to 98 carbon atoms, or
R6 and R8 or R6 and R7 together represent a hydrocarbyl bridge
containing 3 to 98 carbon atoms. Preferably, each of RG’ R7 and R8
10 is independently hydrogen or optionally substituted hydrocarbyl of
1 to 18 carbon atoms. R7 and R6' or alternatively R6 and R8’ may
be taken together to form a divalent linking hydrocarbyl group of 3
to 12 carbon atoms.
The most preferred compounds of formula I are those in which
15 R& is hydrocarbyl as represented by formula III above wherein R8 is
hydrogen and R6 is independently hydrogen, alkyl of 1 to 18 carben
atoms or oxy-substituted hydrocarbyl of 1 to 18 carbon atoms,
particularly those compounds where R8 is hydrogen and each R6 is
independently alkyl of 1 to 2 carbon atoms, more especially those
20 wherein also x is from 3 to 5, R, and R, are independently hydrogen

or hydrocarbyl of 1 to 8 carbon atoms, R, is hydrocarbyl of 2 to &

carbon atoms and R5 is hydrogen. When onz or more moieties R6 are
oxy-substituted hydrocarbyl of 1 to 18 carbon atoms, each R6 is
preferably independently selected from alkoxy-substituted alkylene
25 of 1 to 18 carbon atoms and aryloxy-sﬁbstituted alkylene of 1 to 18
carbon atoms. Particularly preferred alkoxy-substituted alkylene
groups include ethylhexyleneoxymethylene, isopropoxymethylene, and

butoxymethylene. Particularly preferred aryl-substituted alkylene

—_—
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s.the conmpound of formula I, or it may be assessed by an appropriate

thod of deternmination of nunber average nol ecul ar weight, to which it
‘osel y corresponds. The average fornul a wei ght of the additive conpound of
rmula | is preferably from800 to 4000, nore preferably from 800 to 2000,
d advantageously from 1000 to 2000. As uséd-herein, the term

ydrocarbyl" represents a radical formed by the reanaI of gQne or nore
drogen atons BFEWR% iBaludsnnenydahepoxyuethilsne asdnPRenskyRedwdensi |y t he

me carbon atom) . Umehu ikygraacatbitas ) ehal irﬁlﬁ.%ﬂﬁal ar O§BirieCthe same or

ES;L;FTGS|k;rsugft'tUteg?r%§éﬁagc ar CyCI§§e rab ﬁﬁhﬁﬁﬁ6ﬂydrogarbyls
anched- chai n. foepreasbed aitbie. hwtmatbydlzy | eted es rmhyiffeet&n)d Fobut yl ,
) P;%;Ieggt?Zggﬁg%%?vfgﬁx%pﬁé?ﬁ%%g%ng§¥991ene LQ?E%:%V%CEO hgkeng,
i"Rooctyl , dodecyihen nieaRicsedifferocthay, mefdnsyteselmexac(bé.ytlss,t i ac.oratlitl and
P enylethy1 Wh%Eo$$Ealn which R4 is alkyl of three carbon atoms will be adjacent,
followed by all groups in which R, is alkyl of two carbon atomé,
followed by all groups in which R4 is alkyl of four carbon atoms.
10 When the Ra's diffgr, they may also be present in any random
distribution.
R5 is hydrogen, hydrocarbyl, as defined hereinbefore, of 1 to
100 carbon atoms or acyl of 1 to 20 carbon atoms. Preferably, R5
is hydrogen. When RS is hydrocarbyl, it is preferably of 1 to 70
15 carbon atoms, more preferably of 1 to 20 carbon atoms. The term
"acyl®, as used herein, represents the residue of an organic acid

Co-. R

in which the -OH of a carboxyl group is removed to form R 9

is monovalent hydrocarbyl, as defined hereinbefore, of 2 Zo 19
carbon atoms, préferably alkyl or aryl of 2 to 19 carbon atoms.

20 Representative acyl groups include acetyl-, butyryl-, caproyl-,
acrylyl-, benzoyl- and methacrylyl-. Substituted acyl groups are
also contemplated. Substituted acyl groups contain a functional
group such as those described in relation to substituted
hydrocarbyl groups.

25 The invention further provides novel compounds of formula I,
wherein x, vy, Rl' Rz,.R3, Ra and R5 are as defined above, and R3 or
at least one R4 moiety is optionally substituted hydrocarbyl of at
least four carbon atoms. Preferably x is from 2 to 4, most
preferably 3. y is greater than 1, at least R3 or one R, must have

4
30 at least four carbon atoms. R. is as defined hereinbefore.

It is preferred that thescompounds of formula I also have a
weight average molecular weight (as determined by gel permeation
chromatography (GPC)) of at least 600. Preferably, the weight
average molecular weight is from about. 800 to about 4000, even more

35 preferably from about 1000 to about 2000.
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gcar byl is substituted, it contains a functional group such as

gonyl , carboxyl, nitro, am no, hydroxy (e.g. hydroxyethyl), oxy, cyano,

tonyl, and sulfoxyl. The majority of the atons,. other than hydrogen, in
E i s the replacenent sheet Date: 21 1996 Substitute sheet -

BAugust 1996 -5- substituted hydrocarbyls are car bon, with the

- oatons (e.g., O?ﬁgﬁ ’lnm“}ptr?o ?reﬁx%{ tLd §|fvﬁt | Egu{yi aﬁhr%gorl ty,

B or | ess, of the 0 oge ons p ese ose s in the
wi | | appreci distedhby a‘tmuctturenm Tgbbeids such as nitro, amino [err],

¥ oxy and cyano in a substituted hydrm&__gyri group will displace one of
BB hydr ogen atons of the hydrocar byl functi onal %roups such as
bonyl , carboxyl, For purposes of clarlty hydrogen atoms have been omitted from

the ring structures of Table 1 and a standard schematic structure
5 for a benzene ring (without hydrogen and carbon atoms) has been

used.

N N
g\/c_:/i.cnz Eﬁ{r ol

wherein y is from 18 to 24 and Z is independently H, -CH3 or

-CH,CH

oCH4 including mixtures thereof.

:
Do o

wherein y is from 18 to 24 and Z is independently H, -CH3 or

10 -CH,CH, including mixtures thereof.

H
/ \/w—cnz ~CH, w—{—cnz gﬁo%-cnz H—OH 9 +

wherein y is from 8 to 40.

_\ .
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® (-N-, -NH), oxy, sulfonyl and sulfoxyl in a substituted hydrocar byl
0 W || displace a -CH or - CH2- noiety of the hydrocarbyl. In
gi onal |y substituted hydrocarbyl of 1 to 100 carbon atons”, "1 to 100
pon atons" represents the total nunber of carbon atonms in the optionally
gstituted hydrocarbyl group. Wien Rl and/8r-R2 are optionally substituted
@it ocarbyl, they are each preferably optionally substituted hydrocarbyl of
g 0 20 carbon atons, even nore preferably, alkyl of 1 to 20 carbon atons
[ nost prefera Iy aIkyI of 1 to 8 carbon atons. When [err] and/or R2 are
ki ocar byl of Iatlvely hi gh punber of garbon atons, i.e., greater than
ut 50 carb ato ggr and/lor R2 may cghveni ently be re resented by
ymeric hyﬁ&ocarb T&% et , gﬂjw@ﬁde yEHepyl ene
pol yal pha ofeftk. Preferably, R2 is hydrogen. It
even nore preferred for both of [errdHand R2 to be hydrogen. In formul a
igxis from2 to 20, preferably from3 to 11. Exanples of particularly
ef erred conpounds of forrmula | are those

wherein y is from 8 to 40.

i
S )s
CH—CH, —CHjy

9 -

H;

c ?
& Seanaoon o) fon B
Cc——C '

Y Y
wherein the sum of y and y' is from 1 to 50.

CHj . CH;

/N 0 o

g 2
C
N
Cc——-cC J
wherein y is from 8 to 40.
Compounds of Zormula I as defined above may be prepared in
5 accordance with the present invention by a process which comprises

reacting a compound of general formula XI

i

(R;R,C),” NP (XI)
S N

wherein x, Rl and R2 are as defined above and P is hydrogen or a
group of formula -R3-0H, wherein R3 is as defined with at least one
cyclic ether, preferably epoxy, compound which upon ring opening

10 leaves & moiety R, -0-, provided that when P is hydrogen, the
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ich x is 3, 5o0or 11. X is preferably from3 to 5, conveniently 3 or 5,
“advant ageously 3. R3 is optionally substituted hydrocarbyl of 1 to 100
.bon' atons, preferably of 1 to 20 carbon atons. Wien R3 is hydrocarbyl of
el atively high nunber of carbon atons, i.e., greater than about 50
rbon atons, R3 may This is the replacenentdo sheet 2 1 AUG 1996 Dat e:
bstitute sheet - 19 August 1996 -6- conveniently be represented by
| yneri ¢ hydr ocpmpgrad 9gcfPraslipéﬂIyn-smy#énethpaﬁ yoasenee pal phir amilliene
 Pol val phaol efddher Pasrekedtiag! ap %geéwoqqdmﬂm%eeraembbgéf RIS
- al kylene of 1 to 20 carbon ato nore preferably al kylene of 32t
rbon at oms, arf-iEOSRETIRERET Y, of| R%P@Hédcﬁf formila ¥hyr [Fonfenm gscompoynd

of formula I wherein RS is hydrogen, optionally followed by

5 etherification or esterification to form a compound of formula I
wherein R5 is optionally substituted hydrocarbyl of 1 to 100 carbon
atoms or acyl of 1 to 20 carbon atoms.

Reaction of the compound of formula XI with the cyclic ether,
preferably epoxy, compound may conveniently be effected in the
10 presence of a basic alkali metal compound, for example a potassium
compound such as potassium hydroxide, potassium hydride or a
potassium alkoxide, such as potassium t-butoxide.
In one embodiment, compounds of formula I may be prepared
utilizing cyclic #midoalcohol compounds of formula XI wherein P is

15 a group of formula -R3-OH, i.e. cyclic amidoalcohol compounds of

i

(R, R, C), 4 \N---R3 —-—-0OH (V)

) W

general formula:

Illustrative examples of such cyclic amidoalcohol compounds
initiators include N-(2-hydroxyethyl)-pyrrolidinone, N-[2-(2-
hydroxyethoxy)ethyl] -pyrrolidinone, N-(2-hydroxypropyl)-
20 pyrrolidinone and N-(2-hydroxy-2-methyl-ethyl)-pyrrolidinone, with
 N-(2-hydroxyethyl)-pyrrolidinone being the most preferred.
Certain of these cyclic amidoalcohol compounds are available
commercially, such as, N-(2-hydroxyethy1)—pyrrolidiﬂone (obtained
from International Specialty Products or Aldrich Chemical Company) .
25 Cyclic amidoalcohol compounds may be prepared by any of the methods
known and described in the art, for example by the method of
Puetzer et al in J. Am. Chem. Soc. 74 4959 (1952), by reacting a

lactone of the formula:

__*:____________
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®| ene optionally substituted by a methyl or ethyl group. In formula |, vy
From1l to 50, preferably from8 to 40, nore preferably from8 to 30,
i from9 to 29, and even nore preferably from 18 to 24. Those of

fi nary skill in the art will recognize that when the conpounds of fornula
gire utilized in a conposition, y will notihave a single value applicable
f each nolecule but will instead be represented by a range of different

H ues. As used in this specification, y is considered to be a (nunber)

fer age of the various val ues of yﬁt hat are found in a given conposition,
¥ ch number has been rounded to i ke\nearest integer. The breadth of the

knge of individual val ué®, 8 ChresentOin a given cofidsition is indicated
E the pol ydi spersity (pol ydi spedsity = wei ght average nol ecul ar wei ght

®Vvi ded by the nunber average. nol ecular weight). Each R4 is independently
¥t ionally substituted hydrocarbyl of 2 to 100 carbon atons, preferably of
to 20 carbon @ Bn dMRnBaPEsHot! &P the Horauifr 14 carbon atoms

NHZ-R3-0H (VII)
‘wherein Rl’ Rz. R3 and x are as defined above. Illustrative
lactones for use in making the cyclic amidoalcohol compounds
include: a-methyl-y-butyrolactone, g-methyl-y-butyrolactone,

e-caprolactone, y-caprolactone, v-phenyl-vy-butyrolactone,

R R Y i

i
-

phthalide, 3,3a,6,6a-tetrahydro-2H-cyclopenta[b]furan-2-one,

tetronic acid (tetrahydrofuran-2,6-dione), B-propiolactone and

isochromanone. Illustrative aminoalcohols for reacting with

lactones to make the cyclic amidoalcohol compounds include:
10 2-amiﬁo-l-b¢tanol, 2-(2-aminoethoxy) ethanol, 2-amino-2-ethyl-

1,3-propanediol, 2-amino-2-methyl-1l-propanol, 3-amino-1l-propanol
and l-amino-2-propanol. '

In an alternative embodiment, compounds of formula I may be
prepared by reacting with the cyclic ether, preferably epoxy
compound a cyclic amide of the general formula:

i

(R, RZ_C)X/ “vH (VIII)
M’

15

wherein Rl’ R2 and x are as defined above. Illustrative examples

of cyclic amides which can be employed include cycloalkyl lactams
wherein Rl and R2 are both hydrogen and x is 2, 3 (butyrolactam),

4, 5 (caprolactam), 6 and 7, with the compounds wherein x is 2, 3
20 and 5.
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¥may advant ageously be f.our carbon at ons. Wien R4 is hydrocarbyl of a
tat i vel y high nunber of carbon atons, i.e., greater than about 50 carbon

‘R4 may conveniently be represented by pol yneric hydrocarbyls such as
.yi sobutyl ene, pol ybut ene, pol ypropyl ene or pol yal pha ol efin.
fticularly preferred conpounds of fornul¥# r are those in which R4 is

oo Dae o1 Ansiaynevellamdind (fe Sicratlits namerae. 2Rl
rein at | easts,onecapkoladitah (S heyshicigetam aveilagbderdommerofallyr fivdma: [err]
] Aldrich Chemical Company), 2-pyrrolidinone (pyrrolidone or
v-butyrolactam available commercially from Aldrich Chemical

Company) and laurolactam (2-azacyclotridecanone available

commercially from Aldrich Chemical Company) with e-caprolactém
being the most preferred.

Lpaaekd sl

The cyclic ether, preferably epoxy, compounds which upon ring

opening leave a moiety -R&-O- contain from 2 to 100 carbon atoms,

10 preferably from 2 to 20 carbon atoms, more preferably from 2 to 14

carbon atoms, and most preferably four carbon atoms. The cyclic
ether compounds may be internal epoxides such as 2,3 epoxides of
the formula:

0
/ N\ .
HC———CH (IX)
| |
R, Re

7 ére as defined above or terminal epoxides such as
1,2 epoxides of the formula:

wherein R6 and R
15

H2 C——C—R (X)

wherein R6 and R8 are as defined above. In both of the formulae IX

and X, R7 and R6’ or alternatively R6 and R8, may together with the
interjacent carbon atom or atoms form a cycloalkylene epoxide or a
vinylidene epoxide, preferably by forming a divalent linking

20 hydrocarbyl group of 3 to 12 carbon atoms.

When RG’ R7 and/or R8 are oxy-substituted hydrocarbyl,
preferred examples of compounds of formulae IX and X include
nonylphenyl glycidyl ether, phenyl glycidyl ether, cresyl glycidyl
ether, butyl glycidyl ether, alkyl 012-013 glycidyl ether, alkyl

Gs-clo glycidyl ether, 2-ethylhexyl glycidyl ether and isopropyl
glycidyl ether. '

25

In a particularly preferred process embodiment, terminal

epoxides represented by formula X are utilized to form amido
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kein [err] .are each independently hydrogen or optionally substituted

¥ ocar byl , as defined hereinbefore, such that [err] together or [err]

-t her contain O to 98 carbon atons, or [err] and R7 together represent a
jocarbyl bridge containing 3 to 98 carbon atons. Preferably, each of

r] is independently hydrogen or optiomallBy-substituted hydrocarbyl of 1
#18 carbon atons. [err] or alternatively [err], may be taken together to

B

Fm a di val ent deTHiachgehy dThesr bytnigrd gposides tagre IfoTeaPbRfieraPBE. The nost
g erred conpounslsaky smaqu% éoremmwgsle 2l. @Tae@e@ﬁa eri)a. Ieﬁogmoggas_ byl as

bresented by formul a | wherein rogen and Terr] 1s
Elependent |y hydf GPeRybUHaRs | ]0? iP"t"d’di‘B’“E?ar bo?TeaPEfﬁ?dBFa‘tﬁey sub- stituted

girocar byl of 1, 2&&@1@@@@&@ 018 e?&i;ﬁd&uhé’édn)é b mexHEROIRoher e R3
3 hydrogen, and eacts)[ !P I S inde r}d n al kyl of 1 2 carbon agoms
HE ¢ especi aI ly thos®& %Fe EFPF‘&'F%‘E?E))? g ‘F‘Y%ﬁ\% °t°B‘P3““dFero*] SR8 TefPfeare
s@dependent | y hygeligeathsr , hytkfaeaby lepoky,l cbfipounds may conveniently be
reacted with compound of formula XI in a ratio from about 7:1 to
about 55:1 mol of cyclic ether, preferably epoxy, compound per mol
of compound of formula XI, and preferably at a molar ratio from
10 about 10:1 to about 30:1, with the most preferred molar ratio being
about 20:1.

As indicated above the reaction of the compound of formula XI
with the cyclic ether, preferably epoxy, compound may conveniently
be carried out in the presence of a basic potassium compound, which

15 acts as alkoxylation catalyst. Such catalysts are conventional and
include, for example, potassium methoxide, potassium ethoxide,
potassium hydroxide, potassium hydride and potassium-t-butoxide.
Potassium hydroxide and potassium-t-butoxide are preferred
catalysts. The catalysts may be used in a base stable solvent such

20 as alcohol, ether or hydrocarbons. The catalysts may be employed
in a wide variety of concentrations. For example, basic potassium
compounds may conveniently be used in an am&unt from about 0.02% to
about 5.0% of total weight of reaction mixture, preferably from
about 0.1% to about 2.0% of total weight of reaction mixture, and

25 most preferably about 0.2% of total weight of reaction mixture.

Reaction may conveniently be carried out in a conventional
autoclave reactor equippéd with heating and cooling means. The
process may be practised batchwise, continuously or
semicontinuously.

30 The manner in which the alkoxylation reaction is conducted is
not critical to the invention. Illustratively, a compound of
formula XI and a potassium compoupd may be mixed and heated under

vacuunrt for a period of at least 30 minutes. The one or more cyclic

g R T i S

ether, preferably epoxy, compounds may then be added to the

35 resulting mixture, the reactor sealed and pressurized with

his Sheet Has Been Replaced




kr bon atonpg, [err] is hydrocarbyl of 2 to 4 carbon atons and [err] is
f'ogen. \Wen.one or nore noieties. [err] are oxy- substituted hydrocar byl
el to 18 carbon atonms, each [err] This is the replacenent sheet Date:

: 1996 Substitute sheet - 19 August 1996 -8- is preferably
Flependent |y sel ected from al koxy- substitait-ed al kyl ene of 1 to 18 carbon
Ppns and aryl oxy- substituted al kylene of 1 to 18 carbon atons.
gticularly prre-ftcvsm ahk chy - mikrste tatdietdedivhyle e agrizmp Semprriagaee is

-yI hexyl eneo geﬂgc caSQpr opoxynet hyl ene, and but oxynet hyl ene.
frticularly pre erre N°2*Stbstituted al kyl ene groups include

Eny| phenoxynet hyl e&?@cam (FauprrarnEe maycpenvenhently be fyomathautt 8416 e t he
8di vi dual [ er ripoat @250Pe, $2EBe b 19 Efdal GPbuc 166¥c R¥UBYR 18d°¢) i 2QentaCh

o, can

5 more preferably from about 120°C to about 140°C. Reaction time may
be conveniently from about 2 to about 20 hours, although longer or
shorter times may be employed.

Similar processes to those above are known and are described,

LR g o presteda aicc

for example in U.S. Patent No. 4,973,414, U.S. Patent
10 No. 4,883,826, U.S. Patent No. 5,123,932 and U.S. Patent
No. 4,612,335, each incorporated herein by reference.

The product of formula I is normally liquid and is recovered
by known techniques such as filtration and distillation. The
product is used in its crude state or is purified, if desired, by

15 known techniques such as aqueous extraction, solid absorption
and/or vacuum distillation to remove any remaining impurities.

Other methods for making the compounds of formula I will be
apparent to those skilled in the art. For example, compounds of
formula I may be prepared by reacting a compound of formula XI as

20 described hereinbefore with cyclic ethers other than epoxy
compounds. In addition, catalysts other than basic alkali metal
compounds, for example acidic catalysts, may be employed in the
preparation of compounds of formula I.

Fuel Compositions

25 Compounds of formula I are useful as additives in fuel
compositions which are burned, or combusted, in internal combustion
engines. The fuel compositions of the present invention comprise a
major amount of a mixture of hydrocarbons in the gasoline boiling
range and a minor amount of one or more of the compounds of

30 formula I. The "minor amount" is preferably less than about 10% by
weight of the total fuel composition, preferably less than about 1%
by weight of the total fuel composition and more preferably less
than about 0.1% by weight of the total fuel composition.

Suitable liquid hydrocarbon fuels of the gasoline boiling

35 range are mixtures of hydrocarbons having a boiling range of from
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| kyl ene of four carbon atons. Alternatively, the [err] can differ and

= i nstance, independently be alkylene fromtwo to four carbon atons. Wen
[err] differ, they may be present in blocks, i.e., all groups in which
r] is alkyl of three carbon atonms will be adjacent, followed by all
oups in which R4 is alkyl of two carbon Bsons, followed by all groups in
ich R4 is alkyl of four carbon atons. Wien the R4's differ, they may al so
present in aaoutadifumedi sduitb232°6n. arjdeconpriise hyidivagen ofhyaroeaedyl , as
el et & Do Rofariths | SelRD. SRUPABLA A" SARUEL O hrdedhdBnf 27 DO bon
eferably of 1PRefeTDec arbogaselone miptuzesphafiogab| satofated bydxpeesbimn

oms. The termgodeyt” Oy oSk oo EPTRRGE S0d BE JAREUG

ganic acid in which raﬁlgﬁ%sﬁ? aocar boxyl group 1Is ?ermve 5 %orm"[ierr]
nonoval ent hyXfreearhop contengeframeft Her abeiePOr &y yplumet enrlgmca:mzc

‘fons, prefer abhyirat sdHonOkoritelil QéomZamtlQos:aerob%b@et 80% byRePIERENt Bid Ve

S |nclude acetyl -, but , caproyl-, acrylyl-, benzoyl- and
yl group base fuel i% der:.ved f):¥>m stra.1ght >;:un gaso]}:(.ng/ polymer gzsollne

natural gasoline, dimer and trimerized olefins, synthetically
produced aromatic hydrocarbon mixtures, from thermally or

10 catalytically reformed hydrocarbons, or from catalytically cracked
or thermally cracked petroleum stocks, and mixtures of these. The
hydrocarbon composition and octane level of the base fuel are not
critical. The octane level, (R+M)/2, will generally be above about
85.

15 Any conventional motor fuel base can be employed in the
practice of the present invention. For example, hydrocarbons in
the gasoline can be replaced by up to a substantial amount of
conventional alcohols or ethers, conventionally known for use in
fuels. The base fuels are desirably substantially free of water

20 since water could impede a smooth combustion.

Normally, the hydrocarbon fuel mixtures to which the invention
is applied may be leaded or unleaded, although are preferably
substantially lead-free, and may contain minor amounts of blending
agents such as methanol, ethanol, ethyl tertiary butyl ether,

'25 methyl tertiafy'butyl ether, and the like, at from about 0.1% by
volume to about 15% by volume of the base fuel, although larger

£
F

amounts may be utilized. The fuels can also contain conventional

I dSne -

additives including -antioxidants such as phenolics, e.g.,
2,6-di-tert-butylphenol or phenylenediamines, e.g.,

30 N,N'-di-sec-butyl-p-phenylenediamine, dyes, metal deactivators,
dehazers such as polyester-type ethoxylated alkylphenol-

M
-
3
£
£
§
<

formaldehyde resins. Corrosion inhibitors, such as a polyhydric
alcohol ester of a succinic acid derivative having on at least one
of its alpha-carbon atoms an unsubstituted or substituted aliphatic

35 hydrocarbon group having from 20 to 500 carbon atoms, for example,
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Substituted acyl groups are also contenpl ated. Substituted

y| groups contain a functional group such as those described in relation
- subStituted hydrocarbyl groups. This is the replacenent sheet 2 AUG 1996
it e: Substitute sheet - 19 August 1996 -9- The invention further

conpounds of formula I, whekki-n x, y, [err] are as defined
or at least one [err] nnlety Is optionally substituted

drocar byl of PERteegshrienly diesteonofitRodElsqbusy benebkybsciitytéd sreoinis 4,

Yac3d, YrHeS pSIyA2b GGt 130 glmuathéﬁﬁgtarﬁévgfag%nﬁo{ﬂﬂhr ruagh@ave
?’ gggutath)rr,B 1n[ gxrxra].molxﬁt afsromeabloﬂg 1 f;%;e}l)}l"l wilg{xg to about 1000
ppm by weight, may also be present. The fuels can also contain
antiknock compounds such as methyl cyclopentadienylmanganese
tricarbonyl, tetraethyl lead or other lead-containing compounds, and
ortho-azidophenol as well as co-antiknock compounds such as benzoyl
acetone,

A preferred fuel composition of the invention thus
additionally contains a minor amount of at least one additional
additive compound selected from the group consisting of polyalkenyl
amines, Hannich amines, polyalkenyl succinimide, poly(oxyalkylene)-
carbamates, and poly(alkenyl)-N-substituted carbamates.

An effective amount of one or more compounds of formula I are
introduced into the combustion zone of the engine in a variety of
ways to prevent build-up of deposits, or to accomplish the
reduction of intake valve deposits or the modification of existing
deposits that are related to octane requirement. As mentioned, a
preferred method is to add a minor amount of one or more compounds
of formula I to the fuel. For example, one or more compounds of
formula I are added directly to the fuel or are blended with one or
more.carriers and/or one or more hydrocarbon-soluble alkali metal
or alkaline earth metal salts and/or one or more additional
detergents before being added to the fuél.

The amount of cyclic amidoalcohol alkoxylates used will depend
on the particular v#riation of formula I used, the engine, the
fuel, and the presence or absence of carriers, additional
detergents and diluents. Generally, each compound of formula I may
conveniently be added in an amount up to about 1000 ppm by weight;
especially from about 1 ppm by weight to about 600 ppm by weight
based on the total weight of the fuel composition. Preferably, the
amount will be at least 20 ppm and more preferably from about
50 ppm by weight to about 400 ppm by weight, arid even more
preferably from about 75 ppm by weight to about 250 ppm by weight
based on the total weight of the fuel composition.

This Sheet Has Been Replaced
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i's preferred that the conpounds of fornmula | also have a weight average
g ecul ar wei ght (as determ ned by gel permeation chromatography (GPC)) of
;| east 600. Preferably, the weight average nol ecul ar weight is from about
[D) to about 4000, even nore preferably from about 1000 to about 2000.

Epi cal conpounds represented by fornula } limnel ude those |isted by
fructure in Table 1: TABLE 1 For purposes of clarity hydrogen atonms have
Ben onitted from t Hiher cang:mt:r utienr esildked almag consrenliemtdy drader d wedlghtat i C

ST uct f n hout dro rb as, been
_(ragc \lf\/;\gre?;\ 3 P§P%$o§h°£ \9“1 Q{J |s B epengen%%l°ygll}f érr% h gf""érr]
@icl udi ng m xt ucasridys; evifen Peﬂn-]zedhmlndey hiygrdcagherl 8ased Mtam.;hlzl Bsch

hdependent |y Hgg- &l%gsbuu‘}'ﬂgxgﬁ(bf'ﬁgg | DL yBe s HIeREs [(BBF §PTand THoS,-i S the

Iacerrent sheet
P alphaolefins (PAO's), all of which may be hydrogenated or

unhydrogenated but are preferably hydrogenated; polyether based

o 8 ARG Ry

materials such as polybutylene oxides (poly BO's), polypropylene
oxides (poly PO's), polyhexadecene oxides (poly HO's) and mixtures
thereof (i.e., both (poly BO) + (poly PO)_and {(poly-BO-P0O)); and

mineral oils such as those sold by member companies of the Royal

FICEUY 13

EERE TR I

10

Dutch/Shell group under the designations "HVI" and XHVI" (trade
mark), Exxon Naphthenic 900 sus mineral oil and high viscosity

g

index oils in general. The carrier is preferably selected from

PIB's, poly BO's, and poly PO's, with poly BO's being the most
15 preferred.

A particularly prepared carrier fluid comprises a combination

of a polyalphaolefin having a viscosity at 100°C in the fange

2 x 10'6 to 2 x 10° -3 mz/s (2 to 20 centistokes), being a

hydrogenated oligomer containing 18 to 80 carbon atoms derived from
20 at least one alphaoclefinic monomer containing from 8 to 16 carbon
atoms, and a polyoxyalkylene compound selected from glycols, mono-
and diethers thereof, havzng number average molecular weight (M )
in the range 400 to 3000, the weight ratio polyalphaolefin:
polyoxyalkylene compound being in the range 1:10 to 10:1.
25 The polyalphaolefins are primarily trimers, tetramers and
pentamers, and synthesis of such materials is outlined in Campen et
al., "Growing use of synlubes", Hydrocarbon Processing February
1982, Pages 75 to 82. The polyalphaolefin is preferably derived
from an alphaolefinic monomer containing from 8 to 12 carbon atoms.
30 Polyalphaolefins derived from decene-1 have been found to be very
effective. The polyalphaolefin preferably has viscosity at 100°C in
the range of 6 x 1078 o 1x107° mz/s (6 to 10 centistokes).
Polyalphaolefin having a viscosity at 100°C of 8 x 10 -6 m2/s

(8 centistokes) has been found to be very effective.
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pstitute sheet - 19 August 1996 - 10 - [err] wherein y is from8 to 40.
rr] whereiny is from8 to 40. [err] wherein the sumof y and y' is from
'to 50. y whereiny is from8 to 40. Conpounds of formula | as defined
bove may be prepared in accordance with the present on |
whi ch conprises reacting a conpound of genggal fornula XI This is the

gepl acenent sheet Date: 21 AUG 1996
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Preferred polyoxyalkylene compounds for use in combination
with these polyalphaolefins are described in EP-A-588429
(Applicants reference T 5677). |

The carrier concentration in the final fuel composition is up
to about 1000 ppm by weight. When a carrier is present, the
preferred concentration is from about 50 ppm by weight to about
400 ppm by weight, based on the total weight of the fuel
composition. Once the carrier is blended with one or more
compounds of formula I, the blend is added directly to the fuel or
packaged for future use.

The hydrocarbon-soluble alkali metal or alkaline earth metal
salt, when utilised, may be one of those described in WO 87/01126,
and the compounds of formula I are particularly suitable for
incorporation, as additional component, in fuel compositions as
described in WO 87/01126. Preferred hydrocarbon-soluble alkali
metal or alkaline earth metall salts are, however, alkali metal or
alkaline earth metal salts of a succinic acid derivative. Such a
salt of a succinic acid derivative, when utilized, will have as a
substituent on one of its alpha-carbon atoms and unsubstituted or
substituted aliphatic hydrocarbon group having from 20 to 200
carbon atoms. Alternatively the succinic acid derivative will have
as a substituent on one of its alpha-carbon atoms an unsubstituted
or substituted hydrocarbon group having from 20 to 200 carbon atoms
which is connected to the other alpha-carbon atom by means of a
hydrocarbon moiety having from 1 to 6 carbon atoms, forming a ring

structure. Suitable such salts are described for example in

EP-A-207560 and in EP-A-491439.

The salts of the succinic acid derivative can be monobasic or
dibasic. Monobasic salts in which the remaining carboxylic acid
group has been transformed into an amide or ester group may also be
used. Suitable alkali metal salts of a partial ester of an alkyl
polyether alcohol with a succinic acid derivative are described in
EP-A-491439.

_—
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Fbstitute sheet - 19 August 1996 - 11 - [err] wherein x, Rl and R2 are as
efi ned above and P is hydrogen or a group of fornula - R3 OH, wherein R3 is
g‘s defined with at |east one cyclic ether, preferably epoxy, conpound which
upon ring opening | eaves a noiety -R4-O, provided that when P is hydrogen,
t he compound of fornula Xl is reacted wig at | east one nol of cyclic
et her, preferably epoxy corrpound whi ch | eaVes a noiety -R3-O upon ring

openi ng: per ol of SATRENGeRL: 81 I Acklae HOAAL BoEORPONIELGluL O MUl 2 |

wher ei n [err] en, optrona erifi on or
esterification mbidismm cesmnmsﬂndakﬁmmﬁiu:lsa Panmgulaniy[ preflerired gpllional | y

substituted hyc&&gc&rg&kbgg ik EPA1?97§6W bon atons or acyl of 1 to 20 carbon
atons. Reaction of the conpound formula XI with the cyclic ether,

pr ef erably epoxy, C’B’ﬁpéhmaﬁh‘y hygroeatbent supstituent(s) of the succinic acid
5 derivative is suitably derived from a polyolefin, the monomers of

which have 2 to 6 carbon atoms. Thus, convenient substituents
include polyethylene, polypropyléne, polybutylenes, polypentenes,
polyhexenes or mixed polymers. Particularly preferred is an
_ aliphatic hydrocarbon group which is derived from polyisobutylene.

10 The hydrocarbon group may include an alkyl and/or an alkenyl
moiety, and may contain substituents. One or more hydrogen atoms
may be replaced by another atom, for example halogen, or by a
non-aliphatic organic group, e.g. an.(un)substituted phenyl group,
a hydroxy, ether, ketone, aldehyde or ester. A very suitable

15 substituent in the hydrocarbon group is at least one other metal
succinate group, yielding a hydrocarbon group having two or more
succinate moieties.

The aliphatic hydrocarbon group should contain 20 to 200,
preferably 35-150, carbon atoms. When a polyolefin is used as

20 substituent the chain length is conveniently expressed as the
number average molecular weight. The number average molecular
weight of the substituent, e.g. determined by osmometry, is
advantageously from 400 to 2000,

l The succinic acid derivative may have more than one 020_200

g 25 aliphatic hydrocarbon group attached to one or both alpha-carbon

' atoms, but preferably it has one C20—200 aliphatic hydrocarbon
group on one of its alpha-carbon atoms and on the other
alpha-carbon atom either no substituent or a hydrocarbon of only a
. short chain length, e.g. c1-6 group. The latter group can be linked

30 with the 620_200 hydrocarbon group forming a ring structure.

The fuel compositions of the present invention may also
contain one or more additional detergents. When additional
detergents are utilized, the fuel composition will comprise a
mixture of a major amount of hydrocarbons in the gasoline boiling

35 range as described hereinbefore, a minor amount of one or more
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pffected in the presence of a basic alkali metal conpound, for exanple a
gassi um conpound such as potassi um hydr oxi de, potassium hydride or a
BEossi um al koxi de, such as potassiumt-butoxide. In one enbodi nent,
fpounds of fornmula | may be prepared utilizing cyclic ani doal cohol _
npounds of fornmula XI wherein Pis a groyp_of fornula -R3-OH, i.e. cyclic
¥ doal cohol compounds of general formula: [err] Illustrative exanples of

fch cyclic anishp beﬁsotaf%rmwﬂtsag rueisﬁaliwdshéf&#gﬁ?z#;) eRa "y 40 Gbiha -

ool none, o e o) S B 00, et 51 A

e Substltpﬁﬂgbﬁﬁym&heamiﬂasPiﬂﬁdﬁtaslgﬁﬁRGCOﬁz polyisobutyleneamine,
available ex BASF, Mannich amines, polyalkenyl succinimides,

5 poly(oxyalkylene) carbamates, poly(alkenyl)-N-substituted
carbamates, low molecular weight amines, e.g. C10-20 alkylamines
such as dodecylamine, and mixtures thereof. As noted above, a
carrier as described hereinbefore may also be included. The "minor
amount” is preferably less than about 10% by weight of the total

10 fuel composition, more preferably less than about 1% by weight of
the total fuel composition and yet more preferably less than about
0.1% by weight of the total fuel composition.

The polyalkenyl amine detergents utilized comprise at least
one monovalent hydrocarbon group having at least 50 carbon atoms

15 and at least one monovalent hydrocarbon group having at most five
carbon atoms bound directly to separate nitrogen atoms of a
diamine. Preferred polyalkenyl amines are polyisobutenyl amines.
Polyisobutenyl amines are known in the art and representative
examples are disclosed in various U.S. Patents including U.S.

20 Patent No. 3,753,670, U.S. Patent No. 3,756,793, U.S. Patent No.
3,574,576 and U.S. Patent No. 3,438,757, each incorporated herein
by reference. Particularly preferred polyisobutenyl amines for use
in the present fuel composition include
N-polyisobutenyl-N',N'-dimethyl-1,3-diaminopropane (PIB-DAP),

25 OGA-472 (a polyisobutenyl ethylene diamine available commerciélly
from Oronite), N-polyisobutenyl diethylene triamine (PIB-DETA) and
N-polyisobutenyl triethylene tetramine (PIB-TETA).

The Mannich amine detergents utilized comprise a condensation
product of a high molecular weight alkyl-substituted

30 hydroxyaromatic compound, an amine which contains an amino group
having at least one active hydrogen atom (preferably a polyamine),
and an aldehyde. Such Mannich amines are known in the art and are
disclosed in U.S. Patent No. 4,231,759, incorporated herein by
reference. Preferably, the Mannich amine is an alkyl substituted

35 Mannich amine.
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;2-hydroxy-2-nethy|-ethyf)-pyrrolidinone, wth
g 2- hydroxyet hyl ) -pyrrolidinone being the npst preferred. Certain of these
gcl i c am doal cohol conpounds are avail able commercially, such as,
;(2-hydroxyethy|)- pyrrolidinone (obtained fromlInternational Specialty

ﬁoducts or Aldrich Chenmi cal Conpany). Cychic am doal cohol conpounds nay be
Fepared by any of the nethods known and described in the art, for exanple

the method of Pughzqo15ludll bubeidfidoheftergtfts dontlsd dTdrceinn
t'he ornﬂ a:

Br il o [orr] RRRekerroq erfibaakel s6tdr UWGTINA MAEY Hehve.o PPRURSRIKY e

173 o7 AT Moyt ol s sogp st otoatty
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% 6, 6a-t%®trapolpalkenydHgeoup! naetleafbjrddipantt2- pokyoxyaliylene digimdne or

' the hydrocarbyl polyamine. Polyalkenyl succinimides are also known
in the art and representative examples are disclosed in various
patent references including U.S. Patent No. 3,443,918, EP-A-208560,
DE-OLS 3,126,404, U.S. Patent No. 4,234,435,'U{S. Patent

10 No. 4,810,261, U.S. Patent No. 4,852,993, U.S. Patent
No. 4,968,321, U.S. Patent No.4,985,047, U.S. Patent No. 5,061,291
and U.S. Patent No. 5,147,414, each incorporated herein by
reference.

Particularly effective succinimide detergents are those

15 obtained by reacting at least one amine, with a polyalkenyl
derivative of a monoethylenically unsaturated 04_10 dicarboxylic
acid material in which the ratio of dicarboxylic acid moieties per
polyalkenyl chain is not greater than 1.2:1 and the number average
molecular weight (Mn) of the polyalkenyl chain is in the range from

20 1600 to 5000, e.g. as described in EP-A-587250 (Applicants
reference T 1665).

Amines employed in the preparation of said succinimide
detergents are preferably 61_30, more preferably 01-18’ and
especially 08-12' amines containing 1 to 8 nitrogen atoms. Such

25 amines may be branched or unbranched, saturated aliphatic, primary
or secondary amines, eontaining 1 to 8 nitrogens, preferably mono-
or diamines, such as ethylamine, butylamine, sec. butylamine,
diethylamine and ‘3-dimethylamino-l-propylamine, but including
higher polyamines such as alkylene polyamines, wherein pairs of

30 nitrogen atoms are joined by alkylene groups of 2 to 4 carbon

‘atoms.

The poly(oxyalkylene) carbamate detergents comprise an amine
moiety and a poly(oxyalkylene) moiety linked together through a
carbamate linkage, i.e.,

--0-C(0)-N-- (X1)
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m doal coho

et-rahydr of uran-2, 6-di one), [err]-propiolactone and i sochromanone.

'l ustrative am noal cohols for reacting with | actones to nake the cyclic
conmpounds i nclude: 2-am no-I|-butanol, 2-(2-am noethoxy)

t hanol , 2-am no-2-ethyl-1, 3-propanedi ol , 2-am no-2-nethyl-1- propanol,
-am no- 1- propanol and 1-am no-2-propanol..o4n an alternative enbodi nent,
onpounds of fornmula | nmay be prepared by reacting with the cyclic ether,

referably epoxmeeermyfodxﬁlﬁyﬂédez 2ivl@atls the weRar 8h dher o4 anaThis is
he repl acenent sheet
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No. 4,236,020, U.S. Patent No. 4,270,930, U.S. Patent No. 4,288,612
and U.S. Patent No. 4,881,945, each incorporated herein by
reference. Particularly preferred poly(oxyalkylene) carbamates for
use in the present fuel composition include 0GA-480 (a poly(oxy-
alkylene) carbamate which is available commercially from Oronite).

The poly(alkenyl)-N-substituted carbamate detergents utilized
are of the formula:

0
R-A-g-ORl (X11)
in which R is a poly(alkenyl) chain; R1 is a hydrocarbyl or
substituted hydrocarbyl group; and A is an N-substituted amino
group. Poly(alkenyl)-N-substituted carbamates are known in the art
and are disclosed in U.S. Patent No. 4,936,868, incorporated herein
by reference.

Preferred low molecular weight amines are C10-20 alkylamines.
Aliphatic primary monoamines, particularly linear aliphatic primary
monoamines, having 10 to 20 carbon atoms are particularly
preferred. The alkylamine preferably has 10 to 18, e.g. 12 to 18,
more preferably 12 to 16 carbon atoms. Dodecylamine is particularly
preferred.

The one or more additional detergents are added directly to
the hydrocarbons, blended with one or more carriers, blended with
one or more compounds of Formula I, or blended with one or more
compounds of Formula I and one or more carriers before being added
to the hydrocarbons.

The concentration of the one or more additional detergents in
the final fuel composition is generally up to about 1000 ppm by
weight for each additional detergent. When one or more additional
detergents are utilized, the preferred concentration for each
additional detergent is from about 50 ppm by weight to about 400
ppm by weight, based on the total weight of the fuel composition,
even more preferably from about 75 ppm by weight to about 250 ppm
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cloal kyl 1 actans wher ei n [err] and R2 are both hydrogen and x is 2, 3

but yr ol act an),

4, 5 (caprolactam, 6 and 7, with the conpounds wherein x

s 2, 3 and 5. Certain cyclic ami des are also avail able comercially, such
S, [err]-caprol actam (s-hexanol actam avail able commercially from Al drich

em cal

Conpany) ,

2-pyrrolidinone (pyrral pgone or y-butyrol actam avail abl e

ommercially fromAldrich Chem cal Conpany) and | aurol actam

2-azacycl ot ri degandght Abakedltne thomeal ivaligyt foFoshdlfdel cdomphendioal
npany) with [err]
ef erably epoxy,
ntain from 2 tan beObltendedrwizhorse oyr eémr dbluentspniczming 20 addixdme at ons,

re Preferabl VoLl 2ad0 i GADRMA LAY a B RaLe BLET AR OUr car bon

ons. The cycl i

c

c et

- ol act bej t t fe d._The cyclig ether,
R R s RO e 2 AN

rc oun y erna poxi des such as 2,3

oxi des of° t hegssnlipe ccompafihtlie] diluents are hydrocarbons and mixtures of
hydrocarbons with alcohols or ethers, such as methanol, ethanol,

e § A -

ko - i

Propanol, 2-butoxyethanol, methyl tert-butyl ether, or higher

alcohols such as "Dobanol 91", (trade mark) available from member

companies of the Royal Dutch/Shell group.

10

Preferably the diluent is an aromatic hydrocarbon solvent such

as toluene, xylene, mixtures thereof or mixtures of toluene or

xylene with an alcohol. Additionally preferred diluents include
"Shellsol AB", "Shellsol R", (trade marks) and low aromatic white

spirit (LAWS), which are available from member companies of the
15 Royal Dutch/Shell group.

The invention further comprises an additive concentrate

suitable for addition to gasoline which comprises a gasoline-

compatible diluent and a compound of formula I as defined above,

and optionally also at least one additional additive compound as
20 defined above.

Engine Tests

Decreasing Intake Valve Deposits

The invention further provides a process for decreasing intake

valve deposits in engines utilizing the fuel compositions of the

25 present invention. The process comprises supplying to and

combusting, or burning, in an internal combustion engine a fuel

composition comprising a major amount of hydrocarbons in the

gasoline boiling range and a minor amount of one or more compounds

of formula I as defined above.

30

By supplying to and combusting or burning the fuel composition

in an internal combustion engine, deposits in the induction system,

particularly deposits on the tulips of the intake valves, are

reduced. The reduction is determined by running an engine with

clean induction system components and pre-weighed intake valves on

e
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l-gherei n R6 and R7 are as defined above or term nal epoxides such as 1,2

poxides of the fornmula: O [err] This is the replacenent sheet Date: 2 1
AUG 1996 Substitute sheet - 19 August 1996 - 14 - wherein R6 and R8 are
as defined above. In both of the fornmulae I X and X, R7 and R6, or
alternatively [err], may together with the24 nterjacent carbon atom or atons
forma cycl oal kyl ene epoxi de or a vinylidene epoxide, preferably by formng
a dival ent | i nkdyrgmbyekreac a¢dry lstgudsupn ofucB aofajIZaEafdJGﬂmﬂIamHBIOQMeplel[aibii

formil e 1 and SRt HS=RhATI PHead & PEPid SEpRe Snfye SIFRRIEES 01

. controlling speciflc operating parameters. The tests are run for a
specific period of time on the fuel composition to be tested. Upon

5 completion of the test, the induction system deposits are visually
rated, the valves are reweighéd and the weight of the wvalve
deposits is determined.

Controlling Octane Requirement Increases

The invention further provides a process for controlling
10 octane requirement increases in engines utilizing the fuel
compositions of the present invention. The process comprises
supplying to and combusting, or burning, in an internal coﬁbustion
engine a fuel composition comprising a major amount of hydrocarbons
in the gasoline boiling range and a minor amount of one or more
15 compounds of formula I as defined above.

Octane requirement is the maximum octane number of a gasoline
that presents trace knock in a given engine within the engine's
normal operating range. An increase in octane requifement is
generally experienced during mileage accumulation on a new engine.

20 The increase is typically attributed to an increase in engine
deposits. Octane requirement increase control is a performance
feature that is usually expressed as a comparison of the octane
requirement increase developed with a gasoline containing additives
(test gasoline) relative to a version of the same gasoline without

25 additives (base gasoline), i.e., the positive difference obtained

- by subtracting the results of gasoline containing additives from
gasoline which does not contain additives.

The test protocol for octane requirement increase control must
establish the stable octane requirement of the base gasoline

30 relative to a clean engine. Base gasoline is typically the test
gasoline without additives or special treatment; however, it may be
gasoline containing additives for a specific comparison.

Octane requirement increase control testing consists of
operating an engine assembled with clean combustion chambers and

35 induction system components on a test gasoline to octane

-
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-'1{Eher cresyl glycidyl etig@E" g @yl glycidyl ether, alkyl Cl2-C13 glycidyl

ther, alkyl [err] glycidyl" ether, 2- ethylhexyl glycidyl ether and
“i'sopropyl glycidyl ether. In a particularly preferred process enbodi nent,
‘term nal epoxides represented by formula X are utilized to form am do
derivatives. These term nal epoxides are_.npye preferably 1, 2-epoxyal kanes,
for exanple 1,2- epoxyethane, 1,2-epoxypropane, 1, 2-epoxybutane, 1, 2-

.epoxydecane, ,sn%bepmatdeﬂe&aasurﬁag a:eeae%syﬁh%aqlmamemc hczwgmxyoct adecane
*and m xtures thereof. é’tﬁe g aration of fornula ounq;%é t he one or
% E?E?x

inore cyclic et HEYEeT Bk §eq‘t’6ﬁﬂﬁ%&§°ﬁ%ﬁfec‘6?l erﬁl ent |'y be reacted
gni t h conpound cﬂifEeféndeabé&webﬁ the atakl lfized critans féqﬁltemeabomﬁ the: dngipé of
yclic ether, refe I X ou d ormula X,
and preferabl y aﬁe Err@rlélt’gllr&[;sa %as?qgg‘gn%%gu (?Ffmhfe 5 H{l@.gg o1c0cf"=l\t/1vlrath t he
pst pr ef ebr ed ragudrenenti of [vhe nepgibeuin b@sel_.gaAsldel cat ed above the

| Sg)(z;i on of the GRRPLINDE B2l rﬁé'qﬂi&mewict h the cyclic ether, preferably

The invention still further provides a process for reducing
octane requirement in engines utilizing the fuel compositions of
the present invention. The process comprises supplying to and

10 combusting, or burning, in an intermal combustion engine a fuel
composition comprising a major amount of hydrocarbons in the
gasoline boiling range and a minor amount of one or more compounds
of formula I as defined above.

Octane requirement reduction is the reduction of the octane

15 requirement of an engine by the action of a particular gasoline,
usually measured as a decrease from a stabilized octane requirement
condition.

Octane requirement reduction is a performance feature that
demonstrates a reduétion from the established octane requirement of

20 a base gasoline in a given engine. Octane requirement reduction
testing consists of operating an engine, which has achieved stable
octane requirement using base gasoline, on a test gasoline for
approximately 100 hours. Octane measurements are made daily and
octane requirement reduction is a reduction of octane requirement

25 from that of base gasoline. Several octane requirement reduction
tests may be conducted in a series for fuel to fuel comparisomn, or
test fuel to base fuel comparison, by restabilizing on base fuel
between octane requirement reduction tests.

The contribution of specific deposits is determined by

30 removing deposits of interest and remeasuring octane requirement
immediately after the engine is warmed to operating temperature.
The octane requifement contribution of the deposit is the
difference in ratings before and after deposit removal.

Compounds of formula I have been found to decompose during

35 combustion to environmentally acceptable products, to produce very
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- conmpound may conveniently be carried out in the presence of a basic

pot assi um conpound, - whi ch acts as al koxyl ation catalyst. Such catalysts are
~¢onventional and include, for exanple, potassium nethoxide, potassium

et hoxi de, potassi um hydroxi de, potassium hydri de and potassi umt- butoxide.
Pot assi um hydr oxi de and potassi umt-butoxioge.This is the replacenent sheet
Date: 2 1 AUG 1996 Substitute sheet - 19 August 1996 - 15 - are
preferred catalittbe resibéueLahal 86sbs niB¥ibR withl darrhedmaed sdddbkeorad| vent
such as al cohol ether or hydro- carbons. The catal ysts may be enployed in
a wide variety ‘{5’1" fT&&nt rati ons. For exanpl e, basic potassi um conpounds
may conveni ently beThesddvéntian vellkd U flr draraboders@o6d Ytos o fiol Bwiog of
total wei ght ofﬂrlggé;rt;tggerg’é}nwees,' preferably fromabout 0.1%to about 2.0%

5 Examples

Compound Preparation

The cyclic amide alkoxylates used in the following examples
were prepared by reacting an initiator with one or more epoxides in
the presence of a potassiuﬁ compound to produce compounds of

10 forzula I having a weight average molecular weight from about 600
to about 4000 as measured by gel permeation chromatography (GPC).
In this specification, unless the context specifies otherwise, the
term molecular weight and deéignation vMw" refer to weight average
molecular weight as measured by gel permeation chromatography

15 (GPC), and estimated molecular weight is estimated relative
molecular mass (average formula weight).
Example 1

A mixture of N-(2-hydroxyethyl)-pyrrolidinone (52 g, 0.40

moles), potassium hydrbxide (L.9 g in 1.5 g water) and toluene (200
— 20 g) was heated to 80°C under reduced pressure of 10 mm Hg
(1.33 x 103 Pa) for over 30 minutes. The mixture was added along
with 1,2-epoxybutane (598 g, 8.3 moles) to a one litre autoclave
equipped with heating and cooling means. The autoclave was sealed
and purged of air by pressurizing and depressurizing with nitrogen
25 at 50 psi (345 x 103 Pa) several times. With stirring and an
initial nitrogen pressure of 50 psi (345 x 103 Pa), the mixture was
heated slowly to 120°C and held at this temperature for over
12 hours. During the process, a maximum autogenous pressure at
125 psi (861 x 103 Pa) at 127°C was observed. The pressure had
30 dropped to 63 psi (434 x 103 Pa) by the end of the reaction. The
mixture was then cooled to ambient temperature, excess gas was
vented and the product was recovered as a light brown liquid. This
crude product was evaporated in a rotary evaporator at 80°C and
10 mm Hg (1.33 x 103 Pa) to remove light material. Approximately

___—___________________._
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‘gonventi onal

.ot al wei ght of reaction mxture, and nost preferably about 0.2% of total
I ght of reaction m xture. Reaction may conveniently be carried out in a
! aut ocl ave reactor equi pped with heating and cooling neans. The
rocess may be practised batchw se, continuously or sem continuously. The

manner in which the al koxyl ation reaction 37s-conducted is not critical to

t he i nvention.

Il1lTustratively, a conpound of fornmula XI and a potassium

conpound may bel.oi yedf AnZ-epezymtanaders vemves findigapicg BeRdY at | east 30
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m xt ure, e react o eal ed and pressurized with

from about %err] t o about and even nore
Lp20eRexYPREATS; %& Y% may be

procedure to remove trace amounts of color body. The crude product
was dissolved in hexane (50% basis of product) and extracted
utilizing water three times at ambient temperature (20°C). The
organic layer was then subjected to evaporation in a rotary
evaporator at 80°C and 10 mm Hg (1.33 x 103 Pa) to obtain a final
product having an estimated molecular we{ght (average formula
weight) of approximately 1600. GPC analysis indicated a weight
average molecular weight of Mw=1250 and a polydispersity of 1.08.
Example 2

The procedure of Example 1 was repeated with the following
exceptions: a mixture of N-(2-hydroxyethyl)-pyrrolidinone (48g,
0.37 moles) and potassium hydroxide (1.7g in 1.7g water) was
utilized in the absence of toluene. The mixture was added along
with a mixture of 1,2-epoxybutane (442 g, 6.1 moles) and
nonylphenol epoxlde (110 g, 0.40 moles, an epoxy compound marketed
as "HELOXY 64" (trade mark) by Rhone-Poulenc, with a structure
derived from nonylphenol and epichlorohydrin) to the autoclave.
The mixture was heated slowly to 118°C and maintained at this
temperature for over 8 hours.

The product was confirmed by GPC, NMR and IR analysis, at
approximately 17 units of 1,2-epoxybutane adduct and 1 unit of
nonylphenol epoxide adduct. The crude product was further purified
by the procedure of Example 1 to give a final product having an
estimated molecuiar weight (average formula weight) of
approximately 1600. GPC analysis indicated a weight average
molecular weight of Mw=1100 and a polydispersity of 1.12.

Example 3
The procedure of Example 1 was repeated with the following

exceptions: a mixture of N-(2-hydroxyethyl) -pyrrolidinone (HEP)

—
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enpl oyed. Sinmilar processes to those above are known and are descri bed, for
exanple in U S. Patent No. 4,973,414, U S. Patent No. 4,883,826, U S
‘Patent No. 5,123,932 and U.S. Patent No. 4,612,335, each incorporated
herein by reference. The product of forrmula | is normally liquid and is
recovered by known techniques such as fil.tggtion and This is the

repl acenent sheet Date: 2 1 AUG 1996 Substitute sheet - 19 August 1996
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Qther nethods fggaednkidig il pespaendsoxtidel (498uka 8.6 moles) to the
autoclave. The mixture was heated slowly to from 117°C to 120°C
5 and maintained at this temperature for over 6 hours.

MMR analysis indicated a 71% yield of a HEP propoxylate having
an average of 25 propylene oxide adducts. The crude product was
further purified by the procedure of Example 1 to give a final
product having an estimated molecular weight (average formula
weight) of approximately 1600. GPC analysis indicated a weight
average molecular weight of Mw=1260 and a polydispersity of 1.11.
Example &4 . '

The procédure of Example 1 was repeated with the exception
that the crude product was further purified using a filtration
procedure. The crude product was mixed with disodium dihydrogen
pyrophosphate (NaZHZPZOf’ 1.25 molar ratio to potassium) and water
(5% wt basis of product). The mixture was heated to 80°C for over
one hour with agitation. The slurry was filtered to remove solid
material and to obtain a light-colored liquid as the final product
containing less than 30 ppm by weight potassium and sodium.

Example 5

The procedure of Example 1 was repeated with the following
exceptions: a mixture of N-(2-hydroxyethyl)-pyrrolidinone (40 g,
0.31 moles) and potassium hydride (1.2 g) were mixed for over 30
minutes at ambient temperature (20°C). No toluene was used. The
resulting liquid was added along with 1,2-epoxybutane (561 g, 7.8
moles) to the autoclave. The autoclave was sealed and purged of
air and filled with nitrogen to 200 psi (1380 x 103 ?a) while still
at ambient temperature. The mixture was heated slowly to 137°C and
maintained at this temperature for over 6 hours. During the
process, a maximum autogenous pressure at 319 psi (2200 x 103 Pa)
at 137°C was observed. The pressure dropped to 271 psi (1870 x
103 Pa) at the end of the reaction.

The crude product was purified using an extraction procedure

in which the crude product was dissolved in hexane (50% basis of

This Sheet Has Been Replaced




Tiwi II be apparent to those skilled in the art. For exanple, conpounds of
‘formula | may. be prepared by reacting a conpound of fornula XI. as described
“herei hbefore with cyclic ethers other than epoxy conpounds. |In addition,
catal ysts other than basic alkali netal compounds, for exanple acidic

catal ysts, may be enployed in the preparatgon of conpounds of fornula I.
Fuel Conpositions Conpounds of formula | are useful as additives in fuel
conposi ti _(I)_ES }A/gkf&uc%ljebm::ﬁelsbingr e:etﬁ:ﬁbﬁsd @flred ties arithl a arixiousd iodin

engi nes. e fuel conpositions of the present inventio r .a,mj or
anount of a ni Rethanod/etRAgP gﬁ%ﬁnﬁt PnteHe &ésa(?lpm’él%o ﬁgp rgn€ %ihdJ a

m nor anount Ofl'hof'tﬁoaﬁcﬂWae tHent hebmnpubmbdsw:p‘orhotdmlla 4 .roFhey " ni nor

anount " f bly | 3 nf f I

composi t1 on. pPEFeEabeS Fest el b g Y R0 ), Horedig g 10

onposi ti oh andigh-gopeside (aél hpw) ewnshmnabﬁlmde l%ﬂiyamrgﬁvw)ﬂlavm t ot al
fuel compositigp. o 3hhal Golidithd MReCANRRN:d Yokauaf wbighgase! i ne

approximately 2000 was obtained, at approximately 26 units of

1,2-epoxybutane adduct. GPC analysis indicated a weight average
molecular weight of Mw=1440 and a polydispersity of 1.09.

10 Example 6

The procedure of Example 1 was repeated with the following

exceptions: a mixture of N-(2-hydroxyethyl)-pyrrolidinone (59.5 g,
0.46 moles) and potassium hydroxide (1.7 g in 1.7 g water) was
utilized in the absence of toluene. The resulting mixture was

15 added along with 1,2-epoxybutane (540 g, 7.5 moles) to the

autoclave. The mixture was heated slowly to 118°C and maintained

By ‘v .
¥ "

at this temperature for over 7 hours. During the process, a

Cor g

maximum autogenous pressure at 125 psi (862 x 103 Pa) at 120°C was
observed.

20 The crude product wﬁs purified by the procedure of Example 1
to give a final product having an estimated molecular weight
(average formula weight) of approximately 1300, at approximately 16
units of 1,2-epoxybutane adduct. GPC analysis indicated a weight
average molecular weight of Mw=1060 and a polydispersity of 1.08.

25 Example 7

The procedure of Example 1 was repeated with the following
exceptions: a mixture of N-(2-hydroxyethyl)-pyrrolidinone (97 g,
0.75 moles), potassium hydroxide (1.4 g) and toluene (50 g) was
stirred at ambient temperature (20°C) under nitrogen atmosphere

30 until dissolved. The mixture was subjected to rotary evaporation
under reduced pressure (10mm Hg) (1.33 x 103 Pa) and heat (80°C) to
remove water. The resulting liquid was added along with
1,2-epoxybutane (503 g, 7.0 moles) to the autoclave. The pressure
was increased to 200 psi (1380 x 103 Pa) and while stirring, the

35 mixture was heated slowly to between 137°C and 140°C and held at

—_
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~-boiling range-are mxtures of hydrocarbons having a boiling range of from
about 25C to about [err], and conprise m xtures of saturated hydrocar bons,
‘6l efi ni ¢ hydrocarbons and aromati ¢ hydrocarbons. Preferred are gasoline

m xtures having a saturated hydrocarbon content ranging fromabout 40%to
about 80% by volunme, an ol efinic hydrocarb¥h-content from0%to about 30%
by volune and an aromatic hydrocarbon content from about 10%to abo_ut 60%
by vol une. The Busetémpeiraturedfoy \ov¢rf? dwonss s aPyting Ghe rrockshe a p@kmr

gasoline, natur@leofbidusl § résf;araeai R 39RA ¢ ﬁs%exz 1031 pAPGaL9 96 %8

Substitute sheet - 719 August 199 gaso Ine, diner and trinerized

ol efins, syntheticaFpsg °5P@le§?€66“"ér yantAuEikiag by stsonresedune cof Examphe 1

thermal Iy or to give a final product having an estimated molecular weight

. 5 (average formula weight) of approximately 800, at approximately 9
units of 1,2-epoxybutane adduct. GPC analysis indicated a weight
average molecular weight of Mw=746 and a polydispersity of 1.05.
Example 8

The procedure of Example 1 was repeated with the following

10 exceptions: a mixture of 2-pyrrolidinone (32g, 0.38 moles) and
potassium t-butoxide (1.7g) was utilized in the absence of toluene.
The resulting material was added with 1,2-epoxybutane (568g, 7.9
moles) to the autoclave. The mixture was heated slowly to a
temperature from 137°C to 141°C for over 7 hours. A pressure of

15  from about 370 psi (2550 x 10° Pa) to about 278 psi (1920 x 10> Pa)
was recorded during this time. The final product had an estimated
molecular weight (average formula weight) of approximately 1600, at
approximately 20 units of 1,2-epoxybutane adduct. GPC analysis
indicated a weight averége molecular weight of Mw=1240 and’a

20 polydispersity of 1.08.
Example 9

The procedure of Example 1 was repeated with the following

exceptions: a mixture of e-caprolactam (42.4g, 0.375 moles),
potassium hydroxide (1.9g in 1.5 g water) and toluene (100g) was

25 utilized. This mixture was added along with 1,2-epoxybutane (558g,
7.75 moles) to the autoclave. The mixture was slowly heated to
from 118°C to 119°C under nitrogen pressure (73 psi (503 x 103 Pa)
to 123 psi (848 x 103
purified b& the procedure of Example 1 to give a final product

Pa)) for over 6 hours. The crude product was

30 having an estimaied molecular weight (average formula weight) of
approximately 1600, at approximately 20 units of 1,2-epoxybutane
adduct. GPC analysis indicated an average molecular weight of
Mw=1230 and a polydispersity of 1.09.
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gt al ytically reforng ; iy ocarbons, or fromcatalytically cracked or

germal |y cracked pet’f m st ocks, and m xtures of these. The hydrocarbon
Wonposition and octane | evel of the base fuel are not critical. The octane

vel, (RtM/2, will generafly be above about 85. Any conventional notor
el base can be enployed in the practice 8L +he present invention. For
ganpl e, hydrocarbons in the gasoline can be replaced by up to a

jubst anti al ano & gpnventional alcohols or ethers, conventionally known

br use in fuels. € base fuels are.deg A a0 i al | fo, wat er
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reactor contents were pressured to 30 psi (207 x 103 Pa) of
nitrogen and heated to 150°C. Ethylene oxide (EO)(132 g,

3.0 moles) was fed slowly at 60 psi (414 x 103 Pa) to the mixture
over a 45 minute period. After the ethylene oxide was added, the
mixture was maintained at 150°C for an additional 30 minutes to
complete the reaction. The reaction was cooled to ambient
temperature without neutralization and the ethoxylate adduct was
isolated.

A portion of the ethoxylated adduct (52 g, 0.2 moles) was

dissolved in butylene oxide (1,2-epoxybutane) (BO)(288 g,

4.0 moles) at 25°C and added to the autoclave. The autoclave was
sealed, purged of air and pressurized to 50 psi (345 x 103 Pa)
using nitrogen. The system was heated to 140°C, producing a total
pressure of 140 psi (965 x 103) and maintained at this temperature
for 5 hours. The reaction mixture was cooled to 25°C and the crude
yellow product was evaporated in a rotary evaporator at 80°C and 10
mm Hg (1.33 x 103 Pa) to remove any light (volatile) material. A
total of 330 grams was isolated. The product was purified by
aqueous extraction as described in Example 1. The preoduct,
containing 3 units of ethylene oxide adduct and 20 units of
1,2-epoxybutane adduct, could be represented by the schematic
formula HEP(E0)3(BO)20H, and had an estimated molecular weight
(average formula weight) of approximately 1800.
‘Example 11

An ethoxylate adduct was produced according to the procedure

of Example 10 using N-(2-hydroxyethyl)-pyrrolidinone (103.2 g, 0.8
moles), potassium-t-butoxide (0.7 g) and ethylene oxide (246.4 g,

5.6 moles). The product was isolated unneutralized.

-_
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amount s may be uti.lized. The fuels can al so contain conventional additives
I ncl udi ng anti oxi dants such as phenolics, e.g., 2,6-di-tert-butyl phenol or

-phenyl ene- diam nes, e.g., N, N -di-sec-butyl-p-phenyl enedi am ne, -dyes,

met al deactivators, dehazers such as pol yester-type ethoxyl ated

al kyl phenol -f or mal dehyde resins. Corrosiem2 rhibitors, such as a pol yhydric
al cohol ester of a succinic acid derivative having on at |east one of its
al pha- carbon at ons mpountubefi thisedtimxydabest iatdiard (87 .i4pgat?.@2 mylesOcaadpon

G oster of pol vieagEeh YRR SR BR RS s £ 3 X TS (RENAREYLTIRVl ene.
group havi ng arprasedurge-frifixenpiendOwei et PTidust|wast heokarpf aandrpurifiiedchy
Date: 2 1 AUG g l826us exthRiibh WsCdshE8bea & EQMRPIS! 119%6e -prifuet,
5 containing 7 units of ethylene oxide adduct and 17 units of
1,2-epoxybutane adduct, could be represented by the schematic
formula HEP(EO)7(BO)17H and had an estimated molecular weight

(average formula weight) of approximately 180C0.

Example 12
10 A mixture of N-(2-hydroxyethyl)-pyrrolidinone (23.2 g,

0.18 moles), potassium butoxide (1.0 g) and prdpylene oxide (301 g,

5.19 moles) was placed in an autoclave and pressurized to 200 psi
(1380 x 103 Pa) using nitrogen. The contents were allowed to react
at 120°C for 9 hours. The pressure decreased from 395 psi
15 (2720 x 10° Pa) to 250 psi (1725 x 103 Pa) over the course of the
reaction. The reaction mixture was cooled, and the yellow product
purified by aqueous extraction as described in Example 1. The
estimated molecular weight (average formula weight) of the product
was approximately 1800, at approximately 29 units of propylene
20 oxide adduct.
Example 13
A mixture of N-(2-hydroxyethyl)-pyrrolidinone (23.2 g,
0.18 moles), potassium t-butoxide (1.0 g), propylene oxide (136 g,
2.34 moles) and 2-ethylhexyl glycidyl ether (obtained from Aldrich
25 Chemical Company, 167 g, 0.9 moles) were reacted according to the
procedure of Example 12. The final product was also purified by
aqueous extraction as described in Example 1. The estimated
molecular weight (average formula weight) of the product was
approximately 1800, at approximately 14 units of propylene oxide
30 adduct and 5 units of 2-ethylhexyl glycidyl ether adduct.
Example 14
A mixture of N-(2-hydroxyethyl)-pyrrolidinone (21.9 g,
0.17 moles), potassium t-butoxide (1.0 g) and 2-ethylhexyl glycidyl
ether (234 g, 1.53 moles) was reacted according to the procedure of
35 Example 12. The final product was purified by aqueous extraction
-
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" of about' 9"50", in an anount from about 1 ppm by wei ght to_about 1000 ppm by
wei ght, may al so be present. The fuels can al so contain antiknock conpounds
“such as met hyl cycl opent adi enyl manganese tricarbonyl, tetraethyl |ead or -
ot her | ead-contai ni ng conpounds, and ortho-azi dophenol as well as
co-anti knock conpounds such as benzoyl até’t3one. A preferred fuel o
at Toast one_ alli TASsAPed 48 BIFELE cnpOuTiFadel L Feedurs DAV % brignated
consi sting of polyailkenydigasi weraddiformilaatea) 99|@Ekﬁ%|te¥%ggg% Estde,,é\n
BT oct 1 Ve anouRPPEIBAE Y, o e BpsbRaRTt slret®Y 5o FfbRuced | nt o
t he conb_usi i onExampdeqlSthe engine in a variety of ways t?) prgve(r;tSi t)gl lo(rj-?ﬁe
o 1 cati oh of exfobrRg desod 2 PRAPEH A oy b Eatlh (PR Sront -
nmenti oned, 9-bf @péeslodratassdumit-butonide 410 gdr butylene okidag(162 gpre
ompounds of fe@remihgidsy Qn&k@-eftﬁfihexgﬁ?rgfy)égm @th@P€192 g, 0.765 moles)
were reacted according to the procedure of Example 12. The product
10 was purified by aqueous extraction as described in Example 1 to
obtain a product having an estimated molecular weight (average
formula weight) of approximately 1800, at approximately 12 units of
butylene oxide adduct and 5 units of 2-ethylhexyl glycidyl ether
adduct.
15 Example 16
' A mixture of N-(2-hydroxyethyl)-pyrrolidinone (23.2 g, 0.18
moles), potassium t-butoxide (1.0 g) and isopropyl glycidyl ether
(obtained from Aldrich Chemical Company, 301 g, 2.58 moles) was
 reacted according to the procedure of Example 12. The product was
20 purified by aqueous extraction as described in Example 1 to obtain
a product having an eétimated molecular weight (average formula
weight) of approximately 1800, at approximately 14 units of
isopropyl glycidyl ether adduct.
Example 17 '
25 600 g (0.375 moles) of the product of Example 1 was placed in
a one litre, 3-necked round-bottomed flask equipped with a
mechanical stirrer, temperature controller, Dean-stark trap and
water condenser. Under nitrogen atmosphere, 2-ethylhexanoic acid
;(54 g, 0.375 moles) was added. While stirring under nitrogen flow,
30 the mixture was heated to from about 130°C to about 180°C for over
10 hours. Some light boiling materials (13 ml) were removed
through the trap. The resulting material (direct esterification
product), having an estimated molecular weight (average formula
weight) of approximately 1750, was further purified by extraction
35 with water and evaporated in a rotary evaporator under 80°C, 10 mm

Hg vacuum (1.33 x 103 Pa). GPC analysis indicated a similar weight

—_—
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fe conmpounds of formul azfi-are added directly to the fuel or are blended
Bh one or nore carriers™and/ or one or nore hydrocarbon-sol uble al kali

g al ‘or al kaline earth netal salts. and/or one or nore additional

8 ergents before being added to the fuel. Ehe anount of cyclic

Fi doal cohol al koxyl ates used will depend c?n fhe particular variation of
jrmul a | used, _the en e, .the fuel, an e sence._or e, Pf
irriers, additi oﬁﬁgedg?gﬁcé‘éﬁ’f Jredght uglrﬁtt}lb%e % e & c%%@grrp%und of
rnula | may cEwampliecitbyt bm}addsﬁzghtlanbmmpq}wdﬁ-@%@w (1002 wpm by
¥ ght, especi aly lP {Meom about 1 ppm by weight to about 600 ppm by wei ght
bIsed on the tota I ght of the fuel conposition. Preferably, the anount
i | be at | eas®Ex2@plepdBand nore preferably from about 50 ppm by weight to

‘ ut 400 ppm Thi s ifhel PRode@Bt£G2 B UnpIbePivabt&heated With hEek88rion

that 300g (4.16 moles) of 1,2-epoxybutane was utilized to obtain a
product having an estimated molecular weight (average formula
weight) of 1800, at approximately 24 units of 1,2-epoxybutane
adduct., '

10 Test Results

In each of the following tests, the base fuel utilized
comprised either premium unleaded gasoline (PU) (90+ octane,
[R+M/2]) (R = research octane number; M = motor octane ndmber)
and/or regular unleaded.gasoline (RU) (85-88 octane, [R+M/2]).

15 Those skilled in the art will recognize that fuels containing heavy
catalytically cracked stocks, such as most regular fuels, are
typicélly more difficult to additize in order to control deposits
and effectuate octane requirement reduction and octane requirement
increase control. The cyclic amide alkoxylate compounds utilized

20 . were prepared as indicated by Example number and were used at the
concentration indicated in ppm by weight. The tests employed are
described below and the results of the various tests are set forth
in the tables below.

Intake Valve Deposit Tests

25 Engines from vehicles were installed in dynamometer cells in
such a way as to simulate road operation using a cycle of idle, low
speed and high speed components while carefully controlling
specific operating parameters. Fuels with and without the
compounds of Formula I were tested in a variety of engines having

30 port fuel injection including, 2.3 L Ford, 2.3 L Oldsmcbile (Olds),
3.1 L Chevrolet (Chev) and 2.7 L BMW engines to determine the
effectiveness of the instant compounds in reducing intake valve
deposits ("L" refers to litre). 0.359 L Honda generator engines
equipped with carburettors were also utilized to determine the

35 effectiveness of the instant compounds in reducing intake valve
deposits,

—_—
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stitute sheet - 19 August 1996 - 19 - by weight, and even nore

ferabl y fromabout 75 ppm by weight to about 250 ppm by wei ght based on
total weight of the fuel conposition. The carrier, when utilized, may
hveni ently have a wei ght average nol eculn%' wei ght from about 500 to about
®0. Suitable carriers, when utilized ude hydrocar bon based material s

E 70001 i Sobul Yyaes (ELE.Sle. BRLKRLEBVSIOR AT o) B8 sranccion

hat ed but ar éYsFei @loabbr}enltydwugeab&a@ési gtd yev hisvtabasadventwere absigheeh as
Rk ybutyl ene o e B n es; 1( Y, -
yhexadecene)gggl ?iﬁ%(ﬂ' Ollf} °)1E %19%%/ ?egn ﬁ{éege%fl ?RA rdet) %]hte(r SOI

) + (poly PO)Eaah%FS( pBﬂySFB&R@uBS ‘em?G Egta@ldedoi | s such as those sold by

ber corspani es ofrd ey LePé&EQéch&ﬁUmQ{dQUpcﬂé“@%cst Rerd gi'&ltéy‘é'ﬂ%s _
I " and XHvI " ét rade marKk Exxon g ht heni ¢ sus mneral oll hi gh
Bcosity i ndefoBPisting gerddiel 35TRRN af iy #@d 63 aph (104 o) oz a

period of 100 hours unless indicated otherwise. In the Honda
engines, the tests were run in cycles consisting of a no load idle

mode for one minute followed by a three minute mode with a load at

AR

10 2200 rpm for a period of 40 hours unless indicated otherwise. At

the end of each test, the intake valves were removed and weighed.

T 1 D

| TABLE 2
> | Intake Valve Deposits in Honda Generator Engines |
: Compound Conc. ppm Average Deposit
= Example # Fuel by Weight Weight, mg

1 PU - 200 10.5"

) Py 0 251"

1 PU 200 16, 10

2 PU 200 5

3 PU 200 17

7 PU 200 23

9 PU 200 12

- PU 0 39

6 PU 200 27

. PU 0 83, 79

1 RU 200 39

1 RU 300 34

2 RU 200 34

- RU 0 98

* Indicates an average of five tests in three different Honda

generator engines.
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r%referably sel ected frogrmzPIB's, poly BOs, and poly POs, with poly BOs
ei ng the nost preferred. A particularly prepared carrier fluid conprises a
“tonbi hati on of a pol yal phaol ef.in having a viscosity at [err] in the range 2
x [err] to 2 x 10-5 [err] (2 to 20 cent|m§t60kes) bei ng a hydrogenat ed
ol i gomer containing 18 to 80 carbon atons  derived from at | east one
al phaol efi ni c nononer_containing froma@8 to 16t c% q:h%tg uﬁﬁ
pol yoxyal kyl ene c&ﬁﬁ'&ﬁﬁj@e?"?éﬁeﬁesﬁsoﬁ?@'?gﬁ? f “hého- | et ers t?lereof
havi ng nunber pﬁHﬁ’rﬁQWtEBﬂb’ib vedyghsefudr ih sngntiﬁiacan&hg@ment:@&%@b@ t he
weight ratio poI ol ef.i ol yoxy range
"1:10 to 10: 1. @%ﬂ %ﬁ@gf‘lﬁ% g’r gﬂ%ﬁ%% Q'Q,ic%rglj%gr gl% {kg{‘lragarr%#g and
zpent aners, andngycmsheesadoas mhamﬁ epldtesefﬁec@ﬁwfrr@& besecipbn et al .
E'r oW ng dise of [0ge g URé deht982s JRaESS 75
o 82. Th% Th(z%n?éséatggeb en?acg'hent s g“é‘?‘ 2§1§,§ 2 ?Lgnglgh grtd
by the much lower average valve deposits. :

TABLE 3
Intake Valve Deposits in Various Engines
Compound ' Conc. ppm Average Deposit
Example # Engine Fuel by Weight Weight, mg
. 2.8 L Chev  PU 0 232"
" PU ' 200 212
" PU 400 55
. 2.3L0lds  PU 0 174"
" PU 200 56
v PU 300 67
- 3.1 L Chev PU 0 72
" PU 200 38, 69
" PU 200 | 33
. 2.7 L BMW PU 0 138"
1 n PU 200 86
4 " PU 200 123
5 " PU 200 115
- 2.3 L Ford PU 0 242
1 " PU 200 59
2 " PU 200 122
9 " PU 200 S0

* Indicates that base fuel having a different blend but the same

octane was utilized.
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ubstitute sheet - 19 August 1996 - 20 - polyal phaolefin is preferably
erived froman al pha- ol efinic nonomer containing from8 to 12 carbon
toms. Pol yal phaol efi ns derived from decene-1 have been found to be very
2f fective. The polyalphaolefln preferably S viscosity at [err] in the
yange of 6 x 10-6 to X [err] (6 to 10 cemti'st okes). Pol yal phaol efin
aving a viscosity t err 8 centi st.oke has bee
-_o be very effecti pEY ﬁveﬁ’ofg}%ﬂ?’éfkéﬂ%& QNIERSEUTREE FF S7IRC rﬁ{]
gonbi nation wi ttihetﬂsmenpoiryahpimohefe neraresefed cin béglniﬁicE@:l@t p38YSEing
{ ooplicants T el CRoSmb S6L) or WBoLALT LRI uRORGEIY ORI bR ISe! LIRS Ly
gonposition is up o ou 0B wei ght en a carrier Is presen
he preferred @onpmdr &oithe Pﬁféqtén?%bf(batb&? fped yindidared b nebeempa®d ppm

by weight,s baS%QaﬂQlé lﬁeaﬁ@toabpﬂm;ygb&iéyt)t, hgs fsHEdm wnpﬁéilto.{vgfl'avgggge Wagve

deposits.

fgund

TABLE 4
Intake Valve Deposit Tests Utilizing

Additional Detergents and Carrier Fluids

Additional intake valve deposit tests (as defined
hereinbefore) were conducted in the 2.7 L BMW utilizing compound as
prepared in Example 1 and additional c'omponents (detergents or

carrier fluids) in regular unleaded gasoline.

Conc. ppm Conc. ppm Average Deposit
by Weight of by Weight of Weight, mg
Example 1 Additional Component

--0-- --0-- 185

200 SO ppm OGA-480* 219

200 50 ppm PIB-DAPZ 233

125 125 ppm PIB-DAPZ 32

150 300 ppm PIB> 115

150 300 ppm PACY . 189

200 250 ppm PPO° 199

125 125 ppm Ma® 5
I

"0GA-480" -a hydrocarbylpoly(oxyalkylene) aminocarbamate,
Mn = 1400-1800 (Mn represents number average molecular weight)
available commercially from Oronite Additives Division of Chevron
10 Chemical Company .
2 PIB-DAP - N-polyisobutenyl-N',6N'-dimethyl-1,3-diaminopropane,
Mn = 1050.
3 PIB - polyisobutylene, Mn = 750, -

4 PAO - a polyalphaolefin, being a hydrogenated oligomer of

15 decene-1, having a viscosity at 100°C of 8 x 106 m2/s (8 cst).

\
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carrier is bl ended Wlt;:h one or nore conpounds of formula I, the blend is
added directly to the fuel or packaged for future use. The

hydrocar bon-sol uble alkali metal or alkaline earth netal salt, when
utilised, may be one of those described in WO 87/01126, and the conpounds
of for rruI al are particularly suitable feor38 ncorporation, as additional
conponent, in fuel conpositions as described in WO 87/01126. Preferred
hydr ocar bon- sol-ulepe alBedipropplede okidd kEhi-ndée@drth netall salts are,
however, al kal ié6 get al or al.kal i e 1 t cgnic acid
derivati ve. Suchgg sal 1fyla %%scmgfﬁ?%& gél c%e?xlﬁ@lft ?‘\I/g<t k\?\)ﬂ% aijtl l'ized, wll
have as a substlamgent595f, cwemefciialiy sdvghbatder Goom &ebyh Adddtiesubstituted or
substituted aliphal geiig! 0 A GLA BehSWcicd Il 2onpBuddd sgapion at oms.

Alternatively the succinic aclid derivative w have as a substituent on
one of its>al pRresarpdaventdes. dheansembined wish earrdapstivids F Agditdentbon

group having ThietetgerdtiCarLREAATEA pr1aNEREIHALRE acéudul Aon IHGeposits on

intake wvalves.

!

TABLE 5
Intake Valve Deposit Tests Utilizing

Additional Detergents and Carrier Fluids

Additional intake valve deposit tests (as defined herein-
before) were conducted in the 0.359 L Honda generator engine
utilizing compounds as prepared in Example 1 and additional

components (detergents or carrier fluids) in regular unleaded

gasoline.

Conc. Egm. Conc. ppm Average Deposit
by weight of by weight of Weight, mg
Example 1 Additional Component

125 --0-- 49.0

125 125 ppm PIB-DAPT 0.4

125 125 ppm MPDC2 29.3

125 300 ppm EN-900° 29.4

1 PIB-DAP - N-polyisobutenyl-N',N'-dimethyl-1l,3-diaminopropane,
Mn = 1050.

2

MPDC - Methyl PIB-DAP Carbamate, Mn = 1100.
EN-900 - Exxon Naphthenic 900 sus mineral oil.

Results of these tests further demonstrate that the compounds
of the present invention, when combined with carrier fluids or
co-detergents are useful in preventing the accumulation of deposits

on intake valves.
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Substitute sheet - 19 August 1996 - 21 - from 20 to 200 carbon atons which
is connected to the other al pha-carbon atom by neans of a hydrocarbon

noi ety having from1l to 6 carbon atons, formng a ring structure. Suitable
such salts are described for exanple in EP-A-207560 and in EP-A-491439. The
salts of the succinic acid derivative can ¥ -nonobasic or dibasic.

Monobasic salts in which the remaining carboxyllc acid group has been
transforned into an anide or ester groufAB, 63l so be used. Suitable alkali
nmetal salts of a partial emhes dehefdto ha ifaory et RREuBLCOBDhy Wi th a
succinic acid derivative arg ESCLA eq | P- A-491439. SJh able netal salts
include lithium sodium pora5=am ,DSPﬁgxﬂﬂedggkﬁﬁS‘#? Eal ci um sal ts.
Particul arly preferadddesaddls pitakdesvieb@ebdsit tests (as defined

hereinbefore) were conducted in 0.359 L Honda generator engines

using premium unleaded gasoline together with a variety of alkylene
oxide adducts of N-(2-hydroxyethyl)-pyrrolidinone (HEP). The
various derivatives conStfﬁute variations of the polyether backbone
in one of three ways:
a) mixtures of ethylene oxide (EO) /butylene oxide (BO)
b) mixtures of propylene oxide (PO)/other alkylene oxides
c¢) other pure alkylene oxides.

For purposes of clarity the hydrogens have been eliminated
from the ring structures of Table 6. All compounds have an
estimated molecular weight of approximately.1800 and were used at

200 ppm by weight concentrations.
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. EP- A-207560. The aliphatic hydrocarbon substituent(s) of the succinic acid
“derivative is suitably derived froma polyolefin, the nonomers of which
'have '2 to 6 carbon atons. Thus, convenient substituents include poly- .
et hyl ene, pol ypropyl ene, pol ybutyl enes, pol ypentenes, pol yhexenes or m xed
polymers. Particularly preferred is an al4a@hatic hydrocarbon group which is
derived from pol yi sobutyl ene. The hydrocarbon group may include an al kyl
and/ or an al kenyl npoiety, and may cont alfABkRIl6Stituents. One or. nore
-hydrogen atonms_nmy be replaced by another atom for exanple halogen. or by
a non-aliphatic organic group, e.g. an (un)substituted phenyl group, a
jhydroxy, et herComkMeChmiGehyde or ester. Atyeesureuitabl e substfverage in
gt he hydrocarbonghpdp besdlipkfast one other netal succinate grouge,esel ding
a hydrocarbon group havi ng mo or nore succinate noieties. The allphatlc
ydr ocar bon gr ] ; anly :

at ons. \Wen ajmquolefhgy(go)za 12.3
CH; \
CH, —CH, é\\ ///H
< >,/ Nt
C——C
10* HEP(E0)3(BO)20H 13.9
CH;
™
// \>N//cnz—cnz cxz——cgi //cnz—cn\\ Y
o/ L o]
A 20
11* HEP(E0)7(BO)17H 14.9
CH;
' [ \CHZ
// \>N//CH2 CH2 cnz——cqi.//cnz-cﬂ<\ .
OJL 0
5 17
12 HEP(PO)ZQH 18.7

g CH, —CH, cnz——c/CHS
TN
29

\C——C
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This is the replacenent sheet Date: 2 1 AUG 1996 Substitute sheet - 19
August 1996 - 22 - is 'used as substituent the chain length is conveniently
“expressed as the nunber average nol ecul ar wei ght. The nunber average

nol ecul ar wei ght of the substituent, e.g. determ ned by osnmonetry, is
advant ageousl y sfrom 400 to 2000. The succi4¥ c acid derivative may have nore
t han one C20-200 aliphatic hydrocarbon group attached to one or both

al pha-carbon atons, but preferably i¥A3ﬁg§sdﬁ@“fépr] al i phatic hydrocarbon
group on one of— 2P cet-pon—at-ons—ahd—ehA—t-he—other—a-phe-calig

ei ther no substjtuent a .hydrocarbon of only a short chain |length, e.g.
[err] group. Tﬁ@mPﬂfF%r&a?Bﬁ% can be |inked RFEYEHRE [err] hydr octfe5ase

group form ng &xampllp Description Deposit
i 13 HEP(PO) IA(EHGE) Sl-l 26.5
] cH

CH;)s3

H—CH, —CH;

H,

/ ‘ H, H,

c—cC
> 14 5
18 HEP(EO),), H 7.9
CH,
i &
a4 of Y
c—C¢ 24
1% HEP (EHGE) H . ' 1.1
Hy
H,
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ucture. The fuel -conpositions of the present invention nay al so contain
or nore additional detergents. Wen additional detergents are utilized,

e fuel conposition will conprise a mxture of a major anmount of

drocarbons in the gasoline boiling range as described herei nbefore, a

nor anmount of one or nore conpounds of-f&xrula | as descri bed

rei nbefore and a m nor anount of an additional detergent selected from

| yal kenyl am nes, e.g. polybutyl ertaA8kEnecoatid) as " KEROCOM' pol yi so-

it yl eneam ne, _avail able ex BASF. Mannich am nes. polyal kenyl succinin des,

| y(oxyal kyl ene) carbamates, poly(al kenyl)-Nsubstituted carbamates, |ow

| ecul ar wei glfpmpavindesChemigal [ err] al kyl ami Atswatyeh as dodecyl amMvesagand

xtures thereghamp1as NURIiFOQRE, @ carrier as described herei nbﬁgpg(%gtnay
- 10% by

so be included. The "mnor amount” is preferably |ess than about

I ght of the fotal Tuel conposition, NOre preferanly 1ess t(han about 1% by

i ght of the fietal fueiepeoposiehe®yLvand yet nore preferably | ess fohgn
aBout 0. 1% i 5
THs

H—CH, —CH,

H,

i

1, ;
J/ . H, CH,
4 —CH, —CH, CH, — CH, —CH H
c—c
11 5

16 HEP(GIE)IAH 22.6
CH;, CH
N/ 3
H
i %
/ / e CHZ\ e K /H
C\ 0 o) J
c———C 14

* Indicates that a different Honda generator engine was used as

compared to those test runs without an asterisk:;

The following abbreviations were used throughout Table 6:

HEP = n-(2-hydroxyethyl)-pyrrolidinone

wi
-]
o
]

butylene oxide
EO . = ethylene oxide
PO = propylene oxide
EHGE
GIE

ethylhexyl glycidyl ether

glycidyl isopropyl ether

‘\
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by weight of the total fuel conposition. This is the replacenent sheet 2 1
JAUG 1996 Dat e: Substitute sheet - 19 August 1996 - 23 - The pol yal kenyl
am ne detergents utilized conprise at |east one nonoval ent hydrocarbon
group having at |east 50 carbon atons and at | east one nobnoval ent

hydr ocar bon group having at nost five carhsn- atons bound directly to
separate nitrogen atons of a diamne. Preferred poly- al kenyl am nes are

pol yi sobut eny| Methade Bor Rekyhd RBgHHeMEn A Redast idheakd @sBand) Rehai mmbnand
representatlvelgxgggleé rgl I sclosed in various U. S. Patents including
U S. Patent No .S. Patent No.. 3,756,793, U S. Patent No.
3,574,576 and U. S. Tﬁatmow of3pme7se7qulemt| nmqognaemnhetbmamomgx:er
reference. Pargipoy qgly, provide a method of determining the effect of various

i 5 gasoline components and additives upon the octane requirement of

: the engine. Measurement of the effect of the induction system and
combustion chamber deposits on octane requirement may also be
performed.

Engines from vehicles are installed in dynamometer cells in
such a way as to simulate road operation using a cycle of idle, low
speed and high speed components while carefully controlling
specific operating parameters. Two types of octane requirement
test are conducted: octane requirement increase control and octane
requirement reduction. Contribution of specific deposits to octane
requirement may also be determined.

Prior to testing, each engine is inspected an& has its
induction system cleaned. Parts are checked for excessive wear and
a new oil filter, fuel filter, intake valves and spark plugs are
installed.

Octane requirement is measured initially with the clean
engine, then at specific intervals, until a stable requirement is
established. Test stand engines reach an octane stabilization in
about 250 hours, or 9500 miles (15,200 km) equivalent (168 hours
per week). After stabilization, the engine is disassembled,
cleaned, reassembled and the octane requirement measured again.
This second clean engine octane requirement is referred to as
"check back"” since it checks back to the initial requirement. The
check back octane requirement is the test reference, as it
accommodates engine changes that occur throughout the test. A
check back octane requirement significantly different from the
initial requirement indicates a problem with the test. The
difference between the check back octane requirement and the stable
octane requirement is the octane requirement increase achieved

during the test.
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" preferred polyisobutenyl anines for use in the present fuel comnposition
i ncl ude N-polyisobutenyl-N, '-dinmethyl- 1,.3-di am nopropane (Pl B-DAP),

" OGA- 472 (a pol yi sobut enyl et hyl ene di am ne available commercially from
Oronite), N-polyisobutenyl diethylene triamne (PlB-DETA) and _
N pol yi sobutenyl triethylene tetram ne (-P.8--TETA). The Mannich am ne
detergents utilized conprise a condensation product of a high nolecutar
wei ght al kyl - substhé LHnQﬁir&Wé@S}salﬁnﬂﬁpieﬁtémm@tlgchheaﬁeﬁﬁgBBOMfﬂeCh &oOnt ai ns

an am no group_havin t one actl ogen atom f er gbl

pol yani ne), an®an a ec?é‘ﬁﬁf? Sbev bé‘ﬁs%%/f?%gs eré:eﬁ'ﬁcém Fﬁn’t ﬁ“&sgr&‘aﬁnd
-are disclosed fthe bas: gaabvkine szresgﬂtiﬂ ©o£58ne inequipsmeat ethclrease rcolyrol

iref erence. Prefgrabbie ohhanMapii %ngﬁrﬁe is an al kyl substituted Mannich

m ne. The polyal kenyl succinim etergents conprise the reaction product
f a dibasic acid SfFaRer FepiinpRenteredustian sl porsEfionpargee feptunenshat

ydr ocar byl pO&éﬁi&'ﬁhﬁﬁat@E anréawﬁ%nOfraaptcﬁe Js\&bfféﬂen bb@nUEEdJlirBhéle: b3

th the | .group hut the
: ubstituted wi I%ase g sol ne 1n glgen J%gine Theptest need not start with a

clean engine. The test protocol requires measurement of the octane

raquirement of an engine fuelled with a base gasoline which
10 generally consists of the test gasoline without additives or
special treatment. However, the base gasoline may contain
additives for a specific comparison. After reaching a stable
octane requirement with the base gasoline, the engine is operated
on test gasoline until the octane requirement again stabilizes.
Rating intervals for test stands are typically twenty-four hours.
Test stand engines may be used to conduct several octane
requirement reduction tests in sequence with the engine being
restabilized on base gasoline between each test. A stable
reduction of octane requirement from that of the base gasoline
represents octane requirement reduction favourable to the test

gasoline.

TABLE 7
OCTANE REQUIREMENT INCREASE CONTROL TESTING
All tests were conducted using 200 ppm by weight of Example 1.

Test Engine Fuel Base Fuel Octane Requirement
' Minus Test Fuel Octane
Requirement*
1989 3.8 L Buick PU 5
" ‘RU 1
1990 3.1 L Chev PU 3
" RO 1
1987 2.3 L Ford PU 3 !
1988 2.3 L Olds PU 2

*Positive numbers indicate good octane control performance.
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r—_al kényl group.may be found on the pol yoxyal kyl ene diam ne or the
hydracar byl pol yani ne. Pol yal kenyl succininides are also known in the art
and representative exanples are disclosed in various patent references
including This is the replacenment sheet Date: 2 1 AUG 1996 Substitute
sheet - 19 August 1996 - 24 - U S. Patent 4¥.- 3,443,918, EP-A-208560,

DE- QLS 3,126,404, U S. Patent No. 4,234,435, U S. Patent No. 4,810, 261,

‘U. S. Patent NO 4 8&2&, 99Sralll Sesxﬂa"seiﬁdllhbted 4:h268th2 tompduhd Gﬁtﬂiﬁﬁplhfeli )
No. 4, 985, 047, U.S. Pate eac
ncor por at ed hé’? 5“55&7 ?}té? N?’é?‘ilcﬁé' Q?’aﬁ“ﬁﬁ?a°r°|t§n%f’?e§8f'femeN§u’c’bﬁrﬁfﬁ?ﬂe
et ergent s ar e rehasiveolbd dbasedfiml.reacting at | east one anmine, with a
ol yal kenyl derivative of a nonoethylenically unsaturated

TABLE 8
OCTANE REQUIREMENT REDUCTION TESTING
All tests were conducted using 200 ppm by weight of the

compound indicated.

Compound Test Engine Fuel Base Fuel Octane
Example # ] Requirement Minus Test
Fuel Octane Requirement*
1 1989 3.8 L Buick PU 2
1 - 1990 3.1 L Chev PU 4
1 " PU plus 3

Deposit Control

*ke
Package

e

1988 2.3 L Olds
9 1990 3.1 L Chev

*Positive numbers indicate good octane requirement reduction

RU
1987 2.3 L Ford PU
PU
PU

W W w N

performance.
**The base fuel contains an additive package comprising a PIB amine

and a synthetic carrier for comparative purposes.

The results indicate that the compound of Example 1 possesses
the ability to reduce octane requirement relative to base fuel. The
engine test utilizing Example 9 also shows octane requirement
reduction.

BMW ROAD TESTS - INTAKE VALVE DEPOSITS
10,000 mile (16,000 km) and 5,000 mile (8,000 km) tests to

determine intake valve deposits were conducted in 1985 BMW 318i

cars having in-line, four cylinder, 4-stroke, water cooled gasoline
engines that have a single overhead camshaft, two valves per

cylinder and a displacement of 1.8 litres. The engines were port.

-
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iferi] dicarboxylic acid material in which the ratio of dicarboxylic acid

im)l eties per polyalkenyl chain is not greater than 1.2:1 and the nunber
éaverage nol ecul ar wei ght (M) of the polyal kenyl chain is in the range from

gcontai ning 1 t Fw8ln

;1600 to 5000, e.g. as described in EP-A-587250 (Applicants reference T

i 665). Am nes enployed in the preparation @ -said succini mde detergents

re preferably errl nore preferably [err], and especially [err], am nes
njes§ed equbpped Bih Banm@grnaﬁneﬂelwenecm@r

nbranched, satigateshidl FRiahhfageRbht By Ois SCEPNAALY u?élh“@ére GQuigidd ng 1
o 8 nitrogens, preferably nono-- or di am nes, such as et hyl am ne,

utyl am ne, sedLtBUTSATArie@uceRasinyFraRsRESSeaS -

- di met hyl am no- 1- pEeTRYk AtHeN Res ) Weat i, Udi NG olib et bn P MBEE N@poSUEN RTe
ol ene pgl e et WSk BELES B4 Lioan RLaIRa G LoLncd by ol K ene
onpri se an aniimeakeoivalyenndre wedghédandl iydrabbgd MOTRE Willi Ak dill ogad hlte
rough a car b%‘ﬁ%&&& ! glé‘ggg arfc .pq.ugs were installed and the fuel injectors flow
checked. Mileage was accumulated on public roads using trained
drivers. The test route consisted of about 10% city driving

(varied speeds with stoﬁ-and-go idling), 20% on secondary roads
(moderate speeds with infrequent stops) and 70% highway driving
(maximum speed of 65 mph).

The primary test data is the intake valve deposits weights at
the end of a 10,000 mile (16,000 km) test. BMW's pass criteria are
as follows: an average deposit weight of 100 milligrams/valve or
less at the conclusion of the 10,000 mile (16,000 km) test meets
BMW requirements for unlimited mileage acceptance; an average
deposit weight of 250 mg/valve or less at the conclusion of the
test meets BMW's requirement for 50,000 mile (80,000 km) service.

—
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] These pol y(oxyal kyl ene) carbanates are known in the art and
esentative exanples are disclosed for exanple in U S. Patent No.
1,537, U.S. Patent No. 4,160,648, U.S. Patent No. 4,236,02@ U.S.

nt No. 4,270,930, U.S. Patent No. 4,288,612 and U.S. Patem% No.

1, 945, ThIS I s the repl acenent sheet ;nte 2 1 AUG 1996

tltute sheet - 19 August 1996 - 25 - "each incorporated her@ n by
rence. Particularly preferred poly(oxyal kyl ene) carbanates«for use in
present fuel conposition include OGA-480 (a pol y(oxy- alkyhene)

amate which is available comercially from Oronite). The
(al kenyl)-N-substituted carbamate detergents utilized are
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r] in which Ris a poly(alkenyl) chain; [err] is a hydrocarbyl or
stituted hydrocarbyl group; and Ais an N- substituted am no group.

y(athmaylgcn%-substltuted carbamates are known in the art and are—
closed in U S. Patent No. 4,936,868, incorporated herein b referince

ferred | ow nol ecul ar wei ght am nes are Lerr] aIkyWﬂMI ﬂﬂul u
mary nonoam nes, particularly | i near -af# phatic pri
ing 10 to 20 carbon atons are particularly preferré€d. “Thé a kyl am ne

ferably has 10 to 18, e.g. 12 to 18, nore preferably 12 to 16 carbon
ms. Dodecylamine is particularly prgﬁiﬁ&ixﬁiéThe one or nore additional
ergents are added directly to the hydrocarbons bl ended with one or nore

riers, blended wijh. one Qunds For with
or nore coS{pou‘% §ebf°°l!'8?%tllgn °°3ﬁ’gpsd'ﬁ’§ " qrm‘rnée)e ggré?lmea ampgﬁg(lb%(ejl ng
d to the.hnydpsmrboms in the gasoline boiling range and a minor amount of an

additive compound having the general formula I:

(RyR,C)} “W---R; ==-0 (R,. <>}---R5 (1)

< T

wherein x is from 2 to 20; y is from 1 to 50; R1 and R2 are
5 independently hydrogen or optionally substituted hydrocarbyl of 1
to 100 carbon atoms; R3 is optionally substituted hydrocarbyl of 1
to 100 carbon atoms; each R4 is independently optionally
substituted hydrocarbyl of 2 to 100 carbon atoms; RS is hydrogen,
or optionally substituted hydrocarbyl of 1 to 100 carbon atoms or
10 acyl of 1 to 20 carbon atoms and the average formula weight of the
additive compound is at least 600.
.2i A fuel composition according to claim 1 wherein Rh is
hydrocarbyl of the formula:
Ts
-CH--C-
|
R, B
wherein each of RG' R7 and R8 is independently hydrogen or
15 optionally substituted hydrocarbyl of 1 to 18 carbon atoms,
provided that at least one of R7 and RS is hydrogen.
3. A fuel composition according to claim 1 or 2 wherein the
average formula weight of the additive compound is in the range
from 800 to 4000.
20 4, A fuel composition according to any one of claims 1 to 3
| wherein x is from 3 to 11.° _
5. A fuel composition according to any one of claims 1 to &

wherein y is from 8 to 40.

\
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e concentration of the one or nore additional detergents in the fi naI

el conposition is generally up to about 1000 pprﬂﬂumimlml”nr

diti onal detergent. When one or nore additional ilized,
e preferred concentration for each additional det®erdent i¥% f¥onm about 50
m by wei ght to about 400 ppm by wei ght 49based on the total weight of the

el This is the replacenent sheet Date: 2 1 AUG 1996 Substitute sheet
19 August 1996 -A ZGel compsitibh QitcofdEiy I&Brahypbﬂé efablyids dntalsout 75 ppm

wei ght to ag ythEO pgogp Qyoﬁ\tgﬁgt}%aﬁfbgaseg% gggrgac%tg?; wei ght of the fuel

posi tion. |ve3conp ne to the gasoline or
be bl ended.wi t& foek compegitéonli dagcending toranyngnarcfadtiaimsvé wobcentr at e,

added to %hgrein X is from 3 to 5, R1 and R, are independently hydrogen or

2
5 hydrocarbyl of 1 to 8 carbon atoms; R3 is hydrocarbyl of 2 to &
carbon atoms; R5 is hydfogen; each R6 is independently hydrogen,

alkyl of 1 to 18 carbon atoms or oxy-substituted hydrocarbyl of 1
to 18 carbon atoms; and R7 and R8 are both hydrogen.
8. A fuel composition according to claim 7 wherein when one or

10 more moieties R6 are oxy-substituted hydrocarbyl said one or more
moieties are independently selected from alkoxy-substituted
alkylene of 1 to 18 carbon atoms or aryloxy-substituted alkylene of
1 to 18 carbon atoms.

9. A fuel composition according to claim 7 or 8 wherein when one

15 or more moieties R, are an oxy-substituted hydrocarbyl, said one or
more moieties are independently selected from ethylhexyleneoxy-
methylene, isopropoxymethylene, butoxymethylene, nonylphenoxy-
methylene and phenoxymethylene.

10. A fuel composition according to any one of claims 1 to 7

20 wherein x is 3 to 5; R, is hydrocarbyl of two to four carbon atoms;
each R6 is independently hydrogen or hydrocarbyl comprising alkyl
of 1 to 2 carbon atoms; R7 and R.8 are both hydrogen; and R.5 is
hydrogen. :

11. A fuel composition according to any one of claims 1 to 10

25 vherein R, and R, are each hydrogen.

12. A fuel composition according to any one of claims 1 to 11
vherein the additive compound is present in an amount from 50 ppm
by weight to 400 ppm by weight based on the total weight of the
fuel composition.

30 13. A fuel composition according to any one of claims 1 to 12
which additionally contains a minor amount of at least one
additional additive compound selected from the group consisting of
polyalkenyl amines, Mannich amines, polyalkenyl succinimides,
poly(oxyalkylene)carbamates, and poly(alkenyl)-N-substituted

35 carbamates.

\
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ol i ne together. Suitable gasoline-conpatible diluents are hydrocarbons
m xt ures of hydrocarbons with alcohols or ethers, such as nethanol,

anol , propanol, 2-butoxyethanol, nethyl tert-b lml II " her

ohol s such as "Dobanol 91", (trade mar k) avai. Ii lmﬂ mwmu 'Eorrpani es
the Royal Dutch/Shell group. Preferablysthe dildenf is & arormatic
rocarbon sol vent such as tol uene, xylene, m xtures thereof or m xtures

tol uene or xyl eRenditol @maLfmgg re‘q.Qhéer@aéJn%uQEfJne[eﬁEﬂedhﬁ&'entS

| ude " Shel |l sol AB" " Shel trade nmarks) and | ow aromatic white
rit (LAWS), cophreh ioﬂgemé%aéﬁel ﬁiﬂ"é-rﬁﬁ%ﬂﬁ ARFIsaFe g aniredusing Ret4Rsy al

ch/ Shel | gr gefuirdiént BNEVri edadcihf Bitak® MRNVS Qfepas ] dlhichecopIgeas rat e
t abl e for agdltl on,to 9$sol i ne I ch con$F i ses a asol i ne- con%atl bl e
f e

uent and a CHTMHBENP SRLF SPEIMS & Tuel GePRIRGighAGES rd&ﬁ‘é BHEPIrAE 9t al so
| east Gne aébhiimsohalo aBidltlve conpound as defined above. Eng| ne Tests

reasing | ntf§€3 %'28%1@3? concentrate suitable for addition to gasollne

which comprises a gasoline-compatible diluent and a. compound of

formula I as defined in any one of claims 1 to 11, and optionally

also at least one additional additive compound as defined in
10 claim 13.
16. A compound of formula I as defined in any one of claims 1 to
11 wherein R3 or at least ome R4 moiety is optionally substituted
hydrocarbyl of at least four carbon atoms. . _
17. A process for the preparation of a compound of formula I as
15 defined in claim 16 which comprises reacting a compound of general

formula XI

ZREAN
(R,R,C), N—P (XT)

N—

wherein x, R1 and R2 are as defined in claim 1 and P is hydrogen or

3-0H, wherein R3'is as defined in claim 1 with

at least one cyclic ether compound which upon ring opening leaves a

a group of formula -R

20 moiety -RA-O-, provided that when P is hydrogen, the compound of
formula XI is reacted with at least one mol of cyclic ether
compound which leaves a moiety -RS-O- upon ring opening per mol of
compound of formula XI, to form a compound of formula I wherein R5
is hydrogen, optionally followed by etherification or esterifica-

25 tion to form a compound of formula I wherein R5 is optionally
substituted hydrocarbyl of 1 to 100 carbon atoms or acyl of 1 to 20

carbon atoms.
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i nvention’ further provides a process for decreasing intake valve
0Si Lh engines utilizing the fuel conpositions of the present
(ﬂnﬁjkéiﬁﬁz.process-conpriSes supplying to and combusting, or burning,
an internal conbustion engine a fuel conposition conprising a ngjor
ount of hydrocarbons in the gasoline hoijing range and a mnor amount of
one or nore conpounds of formula | as defined above. This is the
repl acenent “shee't Date: 21 AUG 1996 Substitute sheet - 19 August
1996 - 27 - By supplying to and conbusting or burning the fuel conposition
In an internal conmbustion engine, degosits in the induction system
particul arly deposits on the tulips & val ves, are reduced. The
‘reduction is determ ned by running an engine with clean induction
FUEL COMPOSITIONS

The invention provides fuel compositions comprising a mixture
of a major amount of hydrocarbons in the gasoline boiling range and
a minor amount of an additive compound having the general

formula I:

¢ (RyR,C)f  W-—-R;——-0- f&---o}—--& (1)

T L )

wherein x is from 2 to 20; y is from 1 to 50; R1 and R2 are

independently hydrogen or optionally substituted hydrocarbyl of 1

3

to 100 carbon atoms; each Ra is independently optionally

substituted hydrocarbyl of 2 to 100 carbon atoms; R5 is hydrogen,

to 100 carbon atoms; R, is oﬁtionally substituted hydrocarbyl of 1

or optionally substituted hydrocarbyl of 1 to 100 carbon atoms or

acyl of 1 to 20 carbon atoms and the average formula weight of the

additive compound is at least 600; the operation of an internal

combustion engine using such compositions with control of octane

requirement increase and/or reduction of octane requirement and/or
‘ reduction of intake valve deposits; fuel additive concentrates;

certain compounds of formula I per se and their preparation.

LT
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_system conponents and pre-wei ghed intake val ves@nﬁiyﬂx%rZe St angls
"inssuch”a way as to sinulate road operation usi % & facyql es qgr
val#i-ng Speeds while carefully controlling specific operating para- nmete&rs.
The tests are run for a specific period of Substitute sheet U9 Acgusdsid¥én to
be t'ested. Upon conpletion of the test, the induction system deposits are
visual ly., rated, the valves are rewei ghedl and the wei ght of the valve

~deposits is determned. Controlling Cctane Requirenent |Increases The
i nvention further provides a process for controlling octaneIr@gdir 8adnt
increases in engines utilizing the fuel conpositions of the present

I nvention. The process conpri ses s%p&ggin to and conbusting, or burning,
in an internal combustion engin i Mﬁéhéﬁﬁﬁﬂ$on conprising a najor

anount of hydrocarbons in the-gasoline boiling range and a m nor anount of
one or nore co unds, of formula | as 3§{i %gbabove. Qcjpane requirement is

t he maxi num oct Sdsnten, rekafiss rFERAFLE IR knock in a

gi ven engi neontaining amide derivatives, a method of operating an
internal combustion engine using such fuel compositions,
fuel additive concentrates, certain amide derivatives per
'se and their preparation.

It is well known in the art that internal combustion
engines, more particularly spark ignition engines, tend
to exhibit what is termed the octane requirement increase
effect. This effect may be described as the tendency for
an initially new or relatively clean engine to require
higher octane quality fuel as operating time accumulates,
and is coincidental with the formation of deposits in the
region of the combustion chamber of the engine.

During initial operation of a new or clean engine, a
gradual increase in octane requirement, i.e., fuel octane
number required for knock-free operation, is observed
with an increasing build up of combustion chamber
deposits until a stable or equilibrium octane requiremeént
level is reached. This level appears to correspond to a
point in time when the quantity of deposit accumulation
on the combustion chamber and valve surfaces no longer
increases but remains relatively constant. This so-called
"equilibrium value" is normally reached between 3,000 and
20,000 miles or corresponding hours of operation. The
actual equilibrium value of this increase can vary with
engine design and even with individual engines of the
same design; however, in almost all cases, the increase
appears to be significant, with octane requirement
increase values ranging from about 2 to about 10 research
octane numbers being commonly observed in modern engines.
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within the engine's normal operating range. An increase in octane
Tequirenment is generally experienced during mleage accunul ati-on on a new
engi ne. The increase is typically attributed to an increase in engi ne
deposits. Cctane requirenent increase cont rubstitute siegdtor hankeghstal 986 t hat
is usually expressed as a conparison of the octane requirenent increase
devel oped with a gasoline containing addigti-ves (test gasoline) relative to
a version of the sane gasoline w thout additives (base gasoline), i.e., the
positive differenkRecuintidantdnbgfTHepositishen theadatrake sfadstesDaife: 21 AUG

1996 Subsy | h = u 96 ,-..28 - r [ e | ts of
gasol i ne con %?%%ﬁaiagg#PP3ég°ﬁrgﬁ?é&é%|?%39J%9§ﬁ g%ésiﬁ%#ﬂggﬁgaiﬁﬁﬁy
addi tives. Taecumuiapionoesl sich depasdtseds characterdzessdy overall

poor driveability including difficulty in starting,
tendency to stall, inclination to stumble during
acceleration and rough engine idle.

Many additives are known which can be added to
hydrocarbon fuels to prevent or reduce deposit formation,
or remove or modify formed deposits, in the combustion
chamber and on adjacent surfaces such as intake valves,
ports, and spark plugs, which in turn causes a decrease
in octane requirement.

Continued improvements in the design of internal
combustion engines, e.g., fuel injection and carburetor
engines, bring changes to the environment of such engines
thereby creating a continuing need for new additives to
control the problem of inlet system deposits and to
improve driveability which is usually related to
deposits.

US Patent 4,958,032 (O'Lenicle) describes a class of
lactam compounds of general formula

HoC——<CH2
| |
HoC C==0
\ /
N

(CH2)3-—(OCH2CH2)z(OCHzCH)y(OCH2CH2)x——OR
I

CH3
wherein;
R is an alkyl having from 10 to 36 carbon atoms;
X, y and z are independently integers from 0 to 50,

with the proviso that the sum of x+y+z be greater than
zero. These compounds are described as prime candidates

~ This is the replacement sheet
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control nust establish the stable octane requirenent of the base gasoline
rekative to a clean engine. Base gasoline is typically the test gasoline

wi t hout additives or special treatnment; however, it may be gasoline
containing additives for a specific conparigystitGie sheet-€19i Aot 19961 ease
cortrol testing consists of operating an engi ne assenbled with cl ean
conbustion chanbers and induction systendconponents on a test gasoline to

octane stabilization, peasurjng the octane requjrepent at requl ar
ot arvar s RF asretiE RRe LIt Loty R BertlerlRely nas (REKEr tnce

bet ween t he caraditioreithgcagerets equi rement of the engi ne operated on test

gasoline and th S | ifggj r ' . engi ne on
base gasol i ne. g}esdf}%ﬁ"f%gt o*'a%éf’ane R@?}%@%’Wn eé?%%ﬁ%?%%&é?% | further
provi des a prdeessrelrtesdiniagremsiacidigibathstfon ehegehte-utilizing the

fuel conposiddguisi ©fon NeE REGSEY édﬁ’@fﬁ#é’%h{f@iz@rﬂ?mfnéé’gpéﬁ&es suppl yi ng
to and conbusting,, or_ burning, in an internal conbustion engine a fuel
conposi t i on RFRANLGS, Properties of the copper coatings areé enhanced

by inclusion in the bath of a substituted alkoxylated

lactam which is advantageously of the general formula

0==C N—(CH—CH20) n—H
-/

\ 7/
(A)p R

wherein R is methyl or hydrogen,

‘A is a hydrocarbon residue, preferably a -CHy- group,

n is a whole number from 2 to 10, advantageously from 2
to 5, and

m is is a whole number from 1 to 50.

It has now been found that use in an internal
combustion engine of fuel compositions containing certain
cyclic amide alkoxylates can lead to control of octane
requirement increase, and/or reduction of octane
requirement, and/or reduction of intake wvalve deposits.

According to the present invention there is provided
a fuel composition comprising a mixture of a major amount
of hydrocarbons in the gasoline boiling range and a minor
amount of an additive compound, more particularly a
cyclic amide alkoxylate, having the general formula I:

(RyR,C);  N---Ry=--0 {Rf. o]—--ns (1)

) S
y

wherein x is from 2 to 20; y is from 1 to 50. Rjp and R
are independently hydrogen or optionally substituted
hydrocarbyl of 1 to 100 carbon atoms; R3 is optionally
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a maj or amount of hydrocarbons in the gasoline boiling range and a m nor
“anmpunt of one or nore conpounds of fornmula | as defined above. Cctane
requirenent reduction is the reduction of the octane requirement of an

engi ne by the action of a particular gasol gfgstitdts'3hb¥t MBSALGHsES 9986
decrease froma stabilized octane requirenent condition. OCctane requirenent

reduction is a performance feature that gdenonstrates a reduction fromthe
establ i shed octane requirement of a base gasollne in a given engine. Cctane

requi rement gﬁ@t&%h%d YA Sl 10l LY oatdagqxﬁfl AWML e Gty has

achi eved sta oct ane IS 1S ere cenent sheet Date: 2 1
AUG 1996  isubad optﬂ@m}@ystsm utes hydrarathwk Cgfas%| i ne,
on a test 9%%0|1|0@e da¥bor RtdKsTet /ey is hydrogen, or opt:.onally

substituted hydrocarbyl of 1 to 100 carbon atoms or acyl

of 1 to 20 carbon atoms and the average formula weight of

the additive compound is at least 600.

The term "average formula weight" corresponds to
average relative molecular mass, i.e. the sum of the
relative atomic masses of the constituent atoms of an
average molecule. This value may be estimated from the
relative quantities of reagents used in the preparation
of the compound of formula I, or it may be assessed by an
appropriate method of determination of number average
molecular weight, to which it closely corresponds.

The average formula weight of the additive compound
of formula I is preferably from 800 to 4000, more
preferably from 800 to 2000, and advantageously from 1000
to 2000,

As used herein, the term "hydrocarbyl" represents a
radical formed by the removal of one or more hydrogen
atoms from a carbon atom of a hydrocarbon (not
necessarily the same carbon atom). Useful hydrocarbyié
are aliphatic, aromatic, substituted, unsubstituted,
acyclic or cyclic. Preferably, the hydrocarbyls are
aryl, alkyl, alkenyl or cycloalkyl and are straight-chain
or branched-chain. Representative hydrocarbyls include
methyl, ethyl, butyl, pentyl, methylpentyl, hexenyl,
‘ethylhexyl, dimethylhexyl, octamethylene, octenylene,
cyclooctylene, methchyclooctylene, dimethylcyclooctyl,
isooctyl, dodecyl, hexadecenyl, octyl, eicosyl,
hexacosyl, triacontyl and phenylethyl. When the
hydrocarbyl is substituted, it contains a functional
group such as carbonyl, carboxyl, nitro, amino, hydroxy
(e.g. hydroxyethyl), oxy, cyano, sulfonyl, and sulfoxyl.
The mafority of the atoms, other than hydrogen, in
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100 hours. Cctane nmeasurenents are nade daily and octane requirenent
“reduction is a reduction of octane requirement fromthat of base gasoline.
Several octane requirenent reduction tests may be conducted in a series for

fuel to fuel conparison, or test fuel to baggsfitifte shHeerariSdugusy 1996
restabilizing on base fuel between octane requirenent reduction tests. The
contribution of specific deposits is detsrsn ned by renoving deposits of

i nterest and remeasuring octane requirement imediately after the engine is
war med to opsibEtitltedtyditotarbylle and averbamuiwktenthedneteboatomsof t he

deposit is the diff [ |.Ngs f 0541 rgnoval .
Conpounds of&'of‘#ul%f&]%g{veﬁb%xgér#%un%ﬁtﬁjﬁeco %Iséé&{ ufrl‘l? g&léjé %st ilon to
envi ronnent ainomitept I opriviat NI tthertaiak nenthydregenrate@se and to

be nisciM(i?@égbﬁﬁnriers and additional detergents. The invention wll be
rstood
T

further und od fromthe following illustrative exanples. Exanples
hose skilled in theg%rt will apprecf%ég)éiat P

functional groups such as nitro, amino (-NH2), hydroxy
and cyano in a substituted hydrocarbyl group will
displace one of the hydrogen atoms of the hydrocarbyl,
whilst f?nctional groups such as carbonyl, carboxyl,
amino (-N-, -NH-), oxy, sulfonyl and sulfoxyl i? a
substituted hydrocarbyl group will displace a -CH- or -
CHy- moiety of the hydrocarbyl. In "optionally -
substituted hydrocarbyl of 1 to 100 carbon atoms”, "1 to
100 carbon atoms"” represents the total number of carbon
atoms in the optionally substituted hydrocarbyl group.

When Rj and/or Ry are optionally substituted
hydrocarbyl, they are each preferably optionally
substituted hydrocarbyl of 1 to 20 carbon atoms, even
more preferably, alkyl of 1 to 20 carbon atoms and most
preferably alkyl of 1 to 8 carbon atoms. When Ry and/or
Ry are hydrocarbyl of a relatively high number of carbon

- atoms, i.e., greater than about 50 carbon atoms, Ry
and/or Ry may cdnveniently be represented by polymeric
hydrocarbyls such as polyisobutylene, polybutene,
polypropylene or polyalpha olefin. Preferably, at least
one of R; and Ry is hydrogen. It is even more preferred
for both of Ry and Ry to be hydrogen. In formula I, x is
from 2 to 20, preferably from 3 to 11. Examples of
particularly preferred compounds of formula I are those
in which x is 3, 5 or 11. X is preferably from 3 to 5,
conveniently 3 or 5, and advantageously 3.

R3 is optionally substituted hydrocarbyl of 1 to 100
carbon atoms, preferably of 1 to 20 carbon atoms. When
R3 is hydrocarbyl of a relatively high number of carbon
atoms, i.e., greater than about S50 carbon atoms, R3 may

This is the replacement sheet

Date: 2 1 AUG 19%



_Conmpound Preparation The cyclic am de al koxylates used in the follow ng
“exanpl es were prepared by reacting an initiator with one or nore epoxides
in the presence of a potassium conpound to produce conpounds of formula |

having a wei ght average nol ecul ar wei ght fgggsaRAEishael-11® Alguist 483B as
measured by gel perneation chromatography (GPC). In this speci- fication,
unl ess the context specifies otherw se, ghe term nol ecul ar wei ght and

designation "MV' refer to weight average nol ecul ar wei ght as neasured by

gel perneat Idamféﬁi@ﬁaimrw@fweﬁﬁ@nt@@ob ¢Fﬁh@ﬂx@oﬂz@&ﬂb@arwlght i's
esti mat ed reI ve m%leC“|63:r t%éaver or mul a ﬁgﬁ%@i’leﬂ“ s_is the
replacenent 4 TR 1% %@gust 1996
- 30 - polyalphaolefln. Particularly preferred compounds are
those in which R3 is alkylene of 1 to 20 carbon atoms,
more preferably alkylene of 2 to 10 carbon atoms, and
most preferably alkylene of 2 to 4 carbon atoms, e.qg.
ethylene optionally substituted by a methyl or ethyl
group.

In formula I, y is from 1 to 50, preferably from 8 to
40, more preferably from 8 to 30, e.g. from 9 to 29, and
even more preferably from 18 to 24. Those of ordinary
skill in the art will recognize that when the coapounds
of formula I are utilized in a composition, y will not
have a single value applicable for each molecule but will
instead be represented by a range of different values.

As used in this specification, y is considered to be a
(number) average of the various values of y that are
found in a given composition, which number has been
rounded to the nearest integer. The breadth of the range
of individual values of present in a given composition is
indicated by the polydispersity (polydispersity = weight
average molecular weight divided by the number averagéf
molecular weight).

Each R4 is independently optionally substituted
hydrocarbyl of 2 to 100 carbon atoms, preferably of 2 to
20 carbon atoms, more preferably of 2 to 14 carbon atoms
and may advantageously be four carbon atoms. When Rq is
hydrocarbyl of a relatively high number of carbon atoms,
i.e., greater than about 50 carbon atoms, R4 may
conveniently be represented by polymeric hydrocarbyls
such as polyisobutylene, polybutene, polypropylene or
polyalpha olefin.

Particularly preferred compounds of formula I are
those in which R4 is hydrocarbyl (geminal or vicinal) of
the formula: ' '

11
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Example 1 A m xture of N-(2-hydroxyethyl)-pyrrolidinone (52 g, 0.40 noles),
pot assi um hydroxide (1.9 g in 1.5 g water) and tol uene (200 g) was heated
to [err] under reduced pressure of 10 mmHg (1.33 x 103 Pa) for over 30

m nutes. The m xture was added al ong W th &yuBsaafs)shsetne 94 AUhust 1996

notes) to a

one litre autoclave equi pped with heating and cool i ng neans.

The autocl ave was seal ed and purged of- & r- by pressuri zing and
depressurizing with nltro%@n at 50 psi (345 x 103 Pa) several times. Wth

stirring and an initial

m xture was

hours. During the pro

rogen pressure of 50 psi (345 x 103 Pa), the
heat ed sl X;}O [err] and held at this tenpera gé for over 12
a maxi num aut ogenous pressure at psi (861 x

103 Pa) at [err] was ' ved. The pressure had dropped to 63 psi (434 X
103 Pa) by the end of he action. The m xture was then cooled to anbi ent

t enper at ur e,

excess gas was vented and the product was recovered as a |ight

b | { it t
Perr] and 104 Y SRRTEAY ol SRR AL W 7R 491 °

Rg

! .
~CHp~C~- (III) or ~CH-CH- (IV)

! i

Rg R7 Rg

wherein Rg, R7 and Rg are each independently hydrogen or
optionally substituted hydrocarbyl, as defined
hereinbefore, such that Rg and Rg together or R7 and Rg
together contain 0 to 98 carbon atoms, or Rg and Rg or Rg
and R7 together represent a hydrocarbyl bridge containing
3 to 98 carbon atoms. Preferably, each of Rg, R7 and Rg
is independently hydrogen or'optionally substituted
hydrocarbyl of 1 to 18 carbon atoms. Ry and Rg, or
alternatively Rg and Rg, may be taken together to form a
divalent linking hydrocarbyl group of 3 to 12 carbon
atoms. _
The most preferred compounds of formula I are those
in which R4 is hydrocarbyl as represented by formula III
above wherein Rg is hydrogen and Rg is independently
hydrogen, alkyl of 1 to 18 carbon atoms or oxy-sub-
stituted hydrocarbyl of 1 to 18 carbon atoms,
particularly those compounds where Rg is hydrogen and
each Rg is independently alkyl of 1 to 2 carbon atoms,

more especially those wherein also x is from 3 to 5, Ry

and Ry are independently hydrogen or hydrocarbyl of 1 to
8 carbon atoms, R3 is hydrocarbyl of 2 to 4 carbon atoms
and Rs is hydrogen. When one or more moieties Rg are oxy-
substituted hydrocarbyl of 1 to 18 carbon atoms, each Rg -
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renmove light material. Approximately 1.0 g of 1g2- epoxybutane was renoved,
“indicating nearly quantitative conversion of the 1,2-epoxybutane. GPC, NWR
and IR anal ysis were consistent with the desired structure of a

N- (2- hydroxyet hyl ) - pyrrolidi none but oxyl at g, 8ktifikBrshelefati s Audlisttigas of

1, 2- epoxybut ane adduct. The crude product was further purified using an
extraction procedure to renove trace app@nts of col or body. The crude
product was di ssolved in hexane (50% basis of product) and extracted
utilizing wekerpreferablyrindependentlyt sepectedr Eremralkoxye organic |ayer

was then subggcdethiCedVADEYPehO ot M 3té 0181 ¥a BNGR 04 EOMS éh_ﬁd[&f:j’(loil?d 10 mm
Hg (1.33 x 103 Pa) to obtain a final prodyct having an estinmated nol ecul ar
wei ght (aver EI%‘F%‘:? ?fl]éy %"b?a‘?:gn%n’t:°s#§e?a%?%:at°ms‘

Particularly preferred alkoxy-substituted alkylene groups

include ethylhexyleneoxymethylene, isopropoxymethylene,

and butoxymethylene. Particularly preferred aryl-

substituted alkylene groups include nonylphenoxymethylene

and phenoxymethylene.

When y is greater than 1, the individual R4's are the
same or different. For example, if y is 20, each R4 can
be alkylene of four carbon atoms. Alternatively, the
R4's can differ and for instance, independently be
alkylene from two to four carbon atoms. When the R4's
differ, they may be present in blocks, i.e., all groups
in which R4 is alkyl of three carbon atoms will be _
adjacent, followed by all groups in which Rgq is alkyl of
two carbon atoms, followed by all groups in which R4 is
alkyl of four carbon atoms. When the R4q's differ, they
may also be present in any random distribution.

Rg is hydrogen, hydrocarbyl, as defined hereinbefore,
of 1 to 100 carbon atoms or acyl of 1 to 20 carbon atoms.
Preferably, Rs is hydrogen. When Rs is hydrocarbyl, it
is preferably of 1 to 70 carbon atoms, more preferably of
1 to 20 carbon atoms. The term "acyl”, as used herein,
represents the residue of an organic acid in which the
-0OH of a carboxyl group is removed to form RgCO-. Rg is
monovalent hydrocarbyl, as defined hereinbefore, of 2 to
19 carbon atoms, preferably alkyl or aryl of 2 to 19
carbon atoms. Representative acyl groups include
acetyl-, butyryl-, caproyl-, acrylyl-, benzoyl- and
methacrylyl-. Substituted acyl groups are also
contemplated. Substituted acyl groups contain a
functional group such as those described in relation to
substituted hydrocarbyl groups. '

\
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Substitute sheet - 19 August 1996 - 31 - fornula weight) of approxi mtely
*1600. GPC anal ysi s indicated a wei ght average nol ecul ar wei ght of Ma=1250
and a pol ydispersity of 1.08. Exanple 2 The procedure of Exanple 1 was

repeated with the followi ng exceptions: a m§ypsuteashddt (-2 Wligueterdns ) -
pyrrolidinone (48g, 0.37 noles) and potassium hydroxide (1.7g 1n 1.7g

water) was utilized in the absence of tolguene. The m xture was added al ong
with a mxture of 1,2-epoxybutane (442 g, 6.1 noles) and nonyl phenol

epoxi de (110 g, QhéO1ﬁvéﬁ§manfeaen¥rcgafewaesrrﬁbkeleéoﬁ o't'.tHEhOX‘f 64"
(trade mark) _b Ienc W th a Str ctu e d r|ve rom nonyl pheno
and eplchlor5ﬂ§ﬂﬁgﬁ) row ﬁgeéﬁtﬁcIXVe 1Th&2 ar 4w€§ 5t 8% sP%MAy to
1180C and nadafanaddabbvéhlanﬂengeoatateléastouae B4hmoietyThe product was
75 epmyon, SEECTRAEY HRLEL AR ChOna AR TICB TR AL AR 1.
carbon atoms. Preferably X ls from 2 to 4, most
preferably 3. y is greater than 1, at least R3 or one Ry
must have at least four carbon atoms. R is as defined
hereinbefore.
It is preferred that the compounds of formula I also
have a weight average molecular weight (as determined by
gel permeation chromatography (GPC)) of at least 600.
Preferably, the weight average molecular weight is from
about 800 to about 4000, even more preferably from about
1000 to about 2000.
Typical compounds represented by formula I include
those listed by structure in Table 1:
TABLE 1
For purposes of clarity hydrogen atoms have been
omitted from the ring structures of Table 1 and a
standard schematic structure for a benzene ring (without
hydrogen and carbon atoms) has been used.

{ c__ﬁ_}z*** ot

wherein y is from 18 to 24 and 2 is independently H, -CHj3
or -CH2CH3 including mixtures thereof.

@
< Preneno e o

wherein y is from 18 to 24 and Z is independently H, -CHj
or -CHzCH3 including mixtures thereof.
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crude product was further purified by the procedure of Exanple 1 to give a
final product having an estimated nol ecul ar wei ght (average fornmula wei ght)
of approxi mately 1600. GPC anal ysis indicated a wei ght average nol ecul ar
wei ght of Mw=1100 and a pol ydi spersity of IgybstitiReasmest 31 IhRugusiceaée of
Exanple 1 was repeated with the follow ng.exceptions: a m xture of

N- ( 2- hydr oxyethyl )- pyrrolidinone (HEPT £@3~3 g, 0.34 noles) and potassium
hydroxide (1.7 g in 1.7 g water) was utilized in the absence of tol uene.
The resulting m xture was added al ong with propyl ene oxide (498 g, 8.6

noles) to thg autocl ave. The m xture was heated slowy Tty from[err] to
[err] and/ﬁain ined at this ftenperatur for_ﬂlbilii,is t he
repl acemeqt sheeN—TH) 2 -o-;—cnz ~OH

¢—< Y

3
wherein y is from 8 to 40.

wherein y is from 8 to 40.

3.
CH; )3
-CHZ—CH3

wherein the sum of y and y' is from 1 to 50.

CHy, CHy

N

b 4

wherein y is from 8 to 40.

Compounds of formula I as defined above may bé
prepared in accordance with the present invention by a
process which comprises reacting a compound of general
formula XI ' '
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Substitute sheet - 19 August 1996 - 32 - NMR analysis indicated a 71%yield
“of. a HEP propoxyl ate havi ng an average of 25 propyl ene oxi de adducts. The
crude product was further purified by the procedure of Exanple 1 to give a

final product having an estimted nol ecul a%ug‘é'ﬁ% draerr-aps Aluyust ol ght )
of ~approxi mately 1600. GPC anal ysis indicated a wei ght average nol ecul ar

wei ght of Mw=1260 and a pol ydispersity pf 1.11. Exanple 4 The procedure of
Exanple 1 was repeated with the exception that the crude product was
further purified using a filtration procedure. The crude product was m xed
wi t h di sodi um di hydrogen pyroghosphate (Na2H2P207, 1.25 nolar ratio to

pot assi um and water Y% /baswi product).'ﬂk% I Xxture was heated to

[err] for over one h ®h agi fation. The slurr s filtered to renove

solid material and to obtaiﬁ‘ﬁ‘f?ght-colored liquid as
wherein x, Ry and Ry are as defined above and P is
hydrogen or a group of formula -R3-OH, wherein R3 is as
defined with at least one cyclic ether, preferably epoxy,
compound which upon ring opening leaves a moiety -R4-0-,
provided that when P is hydrogen, the compound of
formula XI is reacted with at least one mol of cyclic
ether, preferably epoxy compound which leaves a moiety
-R3-0~ upon ring opening per mol of compound of
formula XI, to form a compound of formula I wherein Rg is
hydrogen, optionally followed by etherification or
esterification to form a compound of formula I wherein Rg
is optionally substituted hydrocarbyl of 1 to 100 carbon
atoms or acyl of 1 to 20 carbon atoms.

Reaction of the compound of formula XI with the
cyclic ether, preferably epoxy, compound may conveniently
be effected in the presence of a basic alkali metal
compound, for example a potassium compound such as
potassium hydroxide, potassium hydride or a potassium'“
alkoxide, such as potassium t-butoxide.

In one embodiment, compounds of formula I may be
prepared utilizing cyclic amidoalcohol compounds of
formula XI wherein P is a group of formula -R3-OH, i.e.
cyclic amidoalcohol compounds of general formula:

E _

(R, R, C) ,_/ \N---R3 ---OH (V)

Illustrative examples of such cyclic amidoalcohol
compounds initiators include N-(2-hydroxyethyl)-
pyrrolidinone, N=-[2-(2-hydroxyethoxy)ethyl]- _
pyrrolidinone, N-(2-hydroxypropyl)-pyrrolidinone and
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the final produét containing less than 30 ppm by wei ght potassi um and
“sadi um Exanple 5 The procedure of Exanple 1 was repeated with the
followi ng exceptions: a m xture of N-(2-hydroxyethyl)- pyrrolidinone (40 g,

0.31 nol es) and potassium hydride (1.2 g) 4gkstiflits@thek®- 1/ Augdet I1I98E es at
anbient tenperature [err]. No toluene was used. The resulting liquid was

added along with 1, 2-epoxybutane (561-g127-8 noles) to the autoclave. The
autocl ave was seal ed and purged of air and filled with nitrogen to 200 psi
(1380 x 103 Neaf2vhivdeoxyt2tmethyktethil k epyperekidinonee wds® ure was heat ed

slowy to [ gt |25 PGk {é Bh PEF-Sr il Saiome 'Hd ine f196 mys€ 6 hours. During
the process, a SSX|g#n1autogenous pressure at 319 psi (2200 x 103 Pa) at

[err] was olR%® he pressure dropped to 271 psi (1870 x [err] at the
end of the reactGexrtaihictithéde ¢l ine cakidosliwstio Dadampoihds Adke 1996

available commercially, such as, N-(2-hydroxyethyl)-
pyrrolidinone (obtained from International Specialty
Products or Aldrich Chemical Company). Cyclic
amidoalcohol compounds may be prepared by any of the
methods known and described in the art, for example by
the method of Puetzer et al in J. Am. Chem. Soc. 74 4959
(1952), by reacting a lactone of the formula:

]

(R,R,0),” o (vI)
4

with an aminoalcohol of the formula:
NH»-R3-OH (VII)

wherein Rj, Rz, R3 and x are as defined above.
Illustrative lactones for use in making the cyclic
amidoalcohol compounds include: a-methyl-y-butyrolactone,
f-methyl-y-butyrolactone, e-caprolactone, y-caprolactone,
v-phenyl-y-butyrolactone, phthalide, 3,3a,6,6a~tetra-
hydro-2H-cyclopenta[b] furan-2-one, tetronic acid
(tetrahydrofuran-2, 6-dione), B-propiolactone and
isochromanone. Illustrative aminocalcohols for reacting
with lactones to make the cyclic amidoalcohol compounds
include: 2-amino-l-butanol, 2-(2-aminoethoxy) ethanol,
2-amino-2-ethyl-1, 3-propanediol, 2-amino-2-methyl-1l-
propanol, 3-amino-l-propanol and l-émino-z-propanol.

In an alternative embodiment, compounds of formula I
may be prepared by reacting with the cyclic ether,
preferably epoxy compound a cyclic amide of the general
formula:
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Substitute sheet - 19 August 1996 - 33 - The crude product was purified
‘'using an extraction procedure in which the crude product was dissolved in
hexane (50% basis of product) before being extracted three tines with a

m xture of nethanol/ethanol/water at a ratigpatina@rsredt et ®laugust 1896 : 1.
The product was then subjected to evaporation in a rotary evaporator at
[err] and 10 mm Hg (1.33 x 103 Pa) to obtdih a |light-colored (yellow)
transparent fluid. A final product having an estimated nol ecul ar wei ght
(average formula wei ght) of ap roxi mtely 2000 was obtai ned, at

approxi mately 26 units of 1,2 pqwgbutane adduct. GPC analysis indicated a
wei ght aver age nnlecﬂRaRzmk*ght Mv=1440 and §VP3BEYdi spersity of 1.009.
Exanpl e 6 The procedure of Bxarp¥e 1 was repeated with the foll ow ng
exceptions: a mxture of N-(2-hydroxyethyl)-

wherein Rj, Ry and x are as defined above. Illustrative
examples of cyclic amides which can be employed include
cycloalkyl lactams wherein Rj and Ry are both hydrogen
and x is 2, 3 (butyrolactam), 4, 5 (caprolactam), 6 and
7, with the compounds wherein x is 2, 3 and 5.

Certain cyclic amides are also available
commercially, such as, e-caprolactam (e~hexanolactam
available commercially from Aldrich Chemical Company),
2-pyrrolidinone (pyrrolidone or y-butyrolactam available
commercially from Aldrich Chemical Company) and
laurclactam (2-azacyclotridecanone available commercially
from Aldrich Chemical Company) with s—caprolactam being
the most preferred.

The cyclic ether, preferably epoxy, compounds which
upon ring opening leave a moiety -R4~0O- contain from 2 to
100 carbon atoms, preferably from 2 to 20 carbon atoms,
more preferably from 2 to 14 carbon atoms, and most
preferably four carbon atoms. The cyclic ether compounds
may be internal epoxides such as 2,3 epoxides of the

- formula: -
o

HC—/;——\-CH (IX)

| |
R7 Rg

wherein Rg and R7 are as defined above or terminal
epoxides such as 1,2 epoxides of the formula:

a
HyC—————C—Rg {(X)
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pyrrolidinone (59.5 g; 0.46 nol es) and potassium hydroxide (1.7 gin 1.7 g
water) was utilized in the absence of toluene. The resulting m xture was
added along with 1, 2-epoxybutane (540 g, 7.5 noles) to the autoclave. The

m xture was heated slowy to [err] and mai r%x%s{iﬁﬂt@%hé@ﬂ §1§eﬂp§ﬁ§tt y996f or
over 7 hours. During the process, a maxi mum autogenous pressuré at 125 psi

(862 x 103 Pa) at 120C was observed. Thepgrude product was purified by the
procedure of Exanple 1 to give a final product having an esti mated

nol ecul ar wewplereiay g and RgMalra Wei delfineld apRvexl Nareiboth3YE tile
werght | aver a§EERBTECLTE 2hE gﬂaf%%# a0 Stnd L FOR A D6 P61 05,
Exanpl e 7 Thwayr togetheroWwiEhathlee ihteag acepdacadbernt [atiome ofrolatonisng
e en)! oo a£2F8, 6 R0 WA LD RRIB N o BAsSRMBclE). 0.7
preferably by forming a divalent linking hydrocarbyl
group of 3 to 12 carbon atoms.

When Rg, Ry and/or Rg are oxy-substituted hydro-
carbyl, preferred examples of compounds of formulae IX
and X include nonylphenyl glycidyl ether, phenyl glycidyl
ether, cresyl glycidyl ether, butyl glycidyl ether, alkyl
Ci12-C13 glycidyl ether, alkyl Cg-Cjpo glycidyl ether, 2-
ethylhexyl glycidyl ether and isopropyl glycidyl ether.

In a particularly preferred process embodiment,
terminal epoxides represented by formula X are utilized
to form amido derivatives. These terminal epoxides are
more preferably 1,2-epoxyalkanes, for example 1,2-
epoxyethahe, 1,2-epoxypropane, 1,2-epoxybutane, 1,2-
epoxydecane, 1,2-epoxydodecane, 1,2-epoxyhexadecane,

1, 2-epoxyoctadecane and mixtures thereof.

~ In the preparation of formula I compounds, the one or
more cyclic ether, preferably epoxy, compounds may
conveniently be reacted with compound of formula XI in" a
ratio from about 7:1 to about 55:1 mol of cyclic ether,
preferably epoxy, compound per mol of compound of formula
XI, and preferably at a molar ratio from about 10:1 to
about 30:1, with the most preferred molar ratio being
about 20:1. .

As indicated above the reaction of the compound of
formula XI with the cyclic ether, preferably epoxy,
compound may conveniently be carried out in the presence
of a basic potassium compound, which acts as alkoxylation
catalyst. Such catalysts are conventional and include,
for example, potassium methoxide, potassium ethoxide,
potassium hydroxide, potassium hydride and potassium-t-
butoxide. Potassium hydroxide and potassium-t-butoxide
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Dat e: 21 AUG 1996 Substitute sheet - 19 August 1996 - 34 - (1.4 Q)
“and toluene (50 g) was stirred at ambient tenperature [err] under nitrogen
at nosphere until dissol ved. The m xture was subjected to rotary
evapor ation under reduced pressure (10m HgLb&fitiitd shekerr9 Ragusnd 996t
[err] to renmove water. The resulting Iiguid was added al ong with

, 2- epoxybut ane (503 g, 7.0 noles) to~t autoclave The pressure was

LQS[ cd ol oWAFS PURASRRAH (A5 VARE | orihe AP e AR A e T,
over 7 hourba@rstaj:ltmesqﬁmﬂsssucm r&saaﬂlnol'm]t,omimls degliree- at 370 psi
-é?gggdﬁréogfégﬁedwﬁse ?‘iﬁ’) gl veU&fslpr‘#qu roga%qﬁ)(;&\?ds Jm” fee(fg %f{]&y

of concentratlons. For example, basic po 3551um

compounds may conveniently be used in an amount from

about 0.02% to about 5.0% of total weight of reaction

mixture, preferably from about 0.1% to about 2.0% of

total weight of reaction mixture, and most preferably

about 0.2% of total weight of reaction mixture.

Reaction may conveniently be carried out in a
conventional autoclave reactor equipped with heating'and
cooling means. The process may be practised batchwise,
continuously or semicontinuously.

The manner in which the alkoxylation reaction is
conducted is not critical to the invention.
Illustratively, a compound of formula XI and a potassium
compound may be mixed and heated under vacuum for a
period of at least 30 minutes. The one or more cyclic
ether, preferably epoxy, compounds may then be added to
the resulting mixture, the reactor sealed and pressurized
with nitrogen, and the mixture stirred while reaction
temperature is gradually increased.

Reaction temperature may conveniently be from about

~ 80°C to about 250°C, preferably from about 100°C to about
150°C, and even more preferably from about 120°C to about
140°C. Reaction time may be conveniently from about 2 to
about 20 hours, although longer or shorter times may be
employed.

Similar processes to those above are known and are
described, for example in U.S. Patent No. 4,973,414,

U.S. Patent No. 4,883,826, U.S. Patent No. 5,123,932 and
U.S. Patent No. 4,612,335, each incorporated herein by
reference. :

The product of formula I is normally liquid and is
recovered by known techniques such as filtration and
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ol ecul ar wei ght (average fornmula wei ght) of approxinmately 800, at
“approximately 9 units of 1,2- epoxybutane adduct. GPC analysis indicated a
wei ght average nol ecul ar wei ght of Mv=746 and a pol ydi spersity of 1.05.

Exanpl e 8 The procedure of Exanple 1 was repeatifsteviHdat Mo Bridusei1ep6
exceptions: a mxture of 2-pyrrolidinone (32g, 0.38 noles) and potassium
t-butoxide (1.7g) was utilized in the~abSence of toluene. The resulting

materi al was added with 1, 2-epoxybutane (568g, 7.9 noles) to the autoclave.
The mi xt ur e Mt Hdatdens ofihe PFoductnds asete iny diy oide $Ha%e 1°% or over

7 hours. A rirsewlen@‘dfr@n@m&tedsmypsmo(v&ﬁ&@dhr{x ds BkcH asabout 278
psi (1920 x 103Iﬁ§ %&E r%gorded ;54 ne T, e flnal roduct had an
esti mat ed 5Ve§§ ﬁPP mat el y 1600,
at apprOX|mdmdgihﬂhtﬂunstaﬂtehp&eepm&yhmhanaln@dWMpuﬂﬂﬂiesnalysis i ndi cat ed
a wei ght aver agg iRlre Gldeioddeedd! mhi My 1420 BRYcAnAY ¥ Fomi1ky of 1. 08.
will be apparent to those skilled in the art. For
example, compounds of formula I may be prepared by
reacting a compound of formula XI as described
hereinbefore with cyclic ethers other than epoxy
compounds. In addition, catalysts other than basic alkali
metal compounds, for example acidic catalysts, may be
" employed in the preparation of compounds of formula I.
Fuel Compositions
Compounds of formula I are useful as additives in
fuel compositions which are burned, or combusted, in
internal combustion engines. The fuel compositions of
the present invention comprise a major amount of a '
mixture of hydrocarbons in the gasoline boiling range and
a minor amount of one or more of the compounds of
formula I. The "minor amount™ is preferably less than
about 10% by weight of the total fuel composition,
preferably less than about 1% by weight of the total fuel
composition and more preferably less than about 0.1% by
weight of the total fuel composition.
Suitable liquid hydrocarbon fuels of the gasoline
boiling range are mixtures of hydrocarbons having a
boiling range of from about 25°C to about 232°C, and
comprise mixtures of saturated hydrocarbons, olefinic
hydrocarbons and aromatic hydrocarbons. Preferred are
gasoline mixtures having a saturated hydrocarbon content
ranging from about 40% to about 80% by volume, an
olefinic hydrocarbon content from 0% té about 30% by
volume and an aromatic hydrocarbon content from about 10%
to about 60% by volume. The base fuel is derived from
straight run gasoline, polymer gasoline, natural
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Jhis is the replacenent sheet Date: 2 1 AUG 1996 Substitute sheet - 19
"August 1996 - 35 - Exanple 9 The procedure of Exanple 1 was repeated wth
the foll owi ng exceptions: a mxture of [err]-caprolactam (42.4g, 0.375

mol es), potassium hydroxide (1.9g9 in 1.5 g guistitutershledto! U@NRUGUs0DIOBaS
utirlized. This m xture was added along with 1, 2-epoxybutane (558g, 7.75
nol es) to the autoclave. The m xture was7stowWy heated to from 1180C to
[err] under nitrogen pressure (73 psi (503 x 103 Pa) to 123 psi (848 x 103

Pa)) for ovegas . Gtmerceande tyloerdzedas lafins edynthatd galdaedur e of
Exanpl e 1 tOpgoacad aRdhaPieddglrBedrBOn histursy, e rdnl ¢HEria B BY
(average formula_ weigh f oxi mately 1600, at approximately 20 units

of appr
of 1,2-epoxyE@F&ﬁ¥t& éy.reﬁg ed hydrocarbons, or from
catalytically cracked or thermally cracked petroleum

stocks, and mixtures of these. The hydrocarbon
composition and octane level of the base fuel are not
critical. The octane level, (R+M)/2, will generally be
above about 85.

Any conventional motor fuel base can be employed in
the practice of the present invention. For example,
hydrocarbons in the gasoline can be replaced by up to a
substantial amount of conventional alcohols or ethers,
conventionally known for use in fuels. The base fuels
are desirably substantially free of water since water
could impede a smooth combustion.

Normally, the hydrocarbon fuel mixtures to which the
invention is applied may be leaded or unleaded, although
are preferably substantially lead~free, and may contain
minor amounts of blending agents such as methanol,
ethanol, ethyl tertiary butyl ether, methyl tertiary
butyl ether, and the like, at from about 0.1% by volume
to about 15% by volume of the base fuel, although larger
amounts may be utilized. The fuels can also contain
conventional additives including antioxidants such as
‘phenolics, e.g., 2,6-di-tert-butylphenol or phenylene-
diamines, e.g., N,N'-di-sec-butyl-p-phenylenediamine,
dyes, metal deactivators, dehazers such as polyester-type
ethoxylated alkylphenol-formaldehyde resins. Corrosion
inhibitors, such as a polyhydric alcohol ester of a
succinic acid derivative having on at least one of its
alpha-carbon atoms an unsubstituted or substituted
aliphatic hydrocarbon group having from 20 to 500 carbon
atoms, for example, pentaerythritol diester of
polyisobutylene~substituted succinic acid, the
polyisobutylene group having an average molecular weight
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.analysis indicated an average nol ecul ar wei ght of Mw=1230 and a

“pal ydi spersity of 1.09. Exanple 10 A nixture of

N- (2- hydr oxyet hyl ) -pyrrol i dinone (HEP) (129 g, 1.0 nol es) and pot assi um
t-butoxide (0.5 g) was heated to approxi natSgibgtifterdhaenderd Augest &P
pressure of 10 mm 1g (1.33 x 103 Pa) for 30 mnutes. The m xture was pl aced
in aone litre autoclave, and the air-wd8 replaced with nitrogen. The

react or contents wer e gressured to 30 psi (207 x 103 Pa). of njtrogen and

heated to [ Q%]abehyPede Hxidh Imaynt 15pom akowt nbh| RRB %s“?’eﬂ‘% By at
60 psi (414 abdetriofe)phw bevdighity audycdlso 45e bresentper i Tite ﬁiém t he

add t onal S0 SERE.CRBt A ke (e T uad b BaTiYLS o501 ed 1o
ambi ent tenp@yeltwenmdmlmgamésaatrmﬂmhyhe tetwaethyl keRdoer was
::I?glsglt Sgd ﬁn%tyl ene é&gt%'?ﬁ?/epo %g; xicg%%%%ng%%ﬁm es%s at
[err] and adéehL {25 t ge-antiknock compounds such as benzoyl acetone.

A preferred fuel composition of the invention thus
additionally contains a minor amount of at least one
additional additive compound selected from the group
consisting of polyalkenyl amines, Mannich amines,
polyalkenyl succinimide, poly(oxyalkylene)carbamates, and
poly(alkenyl)-N-substituted carbamates. '

An effective amount of one or more compounds of
formula I are introduced into the combustion zone of the
engine in a variety of ways to prevent build-up of
deposits, or to accomplish the reduction of intake valve
deposits or the modification of existing deposits that
are related to octane requirement. As mentioned, a
preferred method is to add a minor amount of one or more
compounds of formula I to the fuel. For example, one or
more compounds of formula I are added directly to the

- fuel or are blended with one or more carriers and/or omne
or more hydrocarbon~soluble alkali metal or alkaline
earth metal salts and/or one or more additional
detergents before being added to the fuel.

The amount of cyclic amidoalcohol alkoxylates used
will depend on the particular variation of formula I
used, the engine, the fuel, and the presence or absence
of carriers, additional detergents and diluents.
Generally, each compound of formula I may conveniently be
added in an amount up to about 1000 ppm by weight,
especially from about 1 ppm by weight to about 600 ppm by
weight based on the total weight of the fuel composition.
Preferably, the amount will be at least 20 ppm and more
preferably from about 50 ppm by weight to about 400 ppm
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autocl ave. The autocl ave was seal ed, purged of air and pressurized to 50
*psi (345 x [err] Pa) using nitrogen. The This is the replacenent sheet Date
© 21 AUG 1996 Substitute sheet - 19 August 1996 - 36 - system was

heated to [err], producing a total pressur%u?,%ti@'lﬁg dilet (9FP AUgL?)1 guBl

makntai ned at this tenperature for 5 hours. € reaction mxture was cool ed
to [err] and the crude yell ow product .was evaporated in a rotary evapor ator
at 80C and 10 nmHg (1.33 x 103 Pa) to renove any light (volatile)

material . A bptweight338ndrevenvmsresprafedabIpefpondaboutadSpppinf bgd by

_ aven a nt byd b
i T of ot rgTRHBE 85 #6845 250 bl N7 Mefat 53858 O the FTRY. Gouct.

coul d be repreighteafbyhenfuelhepmpeeitberul a HEP(EOQ) 3(BO) 20H, and had an
estimated nol eCUtigé carrier, when utilized, may conveniently have a

weight average molecular weight from about 500 to about
5000. Suitable carriers, when utilized, include
hydrocarbon based materials such as polyisobutylenes
(PIB's), polypropylenes (PP's) and polyalphaolefins
(PAO's), all of which may be hydrogenated or unhydro- _

_ genated but are preferably hydrogenated; polyether based
materials such as polybutylene oxides (poly BO's),
polypropyleﬁe oxides (poly PO's), polyhexadecene oxides
(poly HO's) and mixtures thereof (i.e., both (poly BO) +
(poly PO) and (poly-BO-PO)); and mineral oils such as
those sold by member companies of the Royal Dutch/Shell
group under the designations "HVI" and XHVI" (trade
mark), Exxon Naphthenic 900 sus mineral oil and high
viscosity index oils in general. The carrier is
preferably selected from PIB's, poly BO's, and poly PO's,
with poly BO's being the most preferred.

A particularly prepared carrier fluid comprises a
combination of a polyalphaolefin having a viscosity at
100°C in the range 2 x 10-6 to 2 x 10~5 m2/s (2 to
20 centistokes), being a hydrogenated oligomer containing
18 to 80 carbon atoms derived from at least one
alphaolefinic monomer containing from 8 to 16 carbon
atoms, and a polyoxyalkylene compound'selected from
glycols, mono- and diethers thereof, having number
average molecular weight (Mp) in the range 400 to 3000,
the weight ratio polyalphaolefin: polyoxyalkylene
compound being in the range 1:10 to 10:1l.

The polyalphaolefins are primarily trimers, tetramers
and pentamers, and synthesis of such materials is
outlined in Campen et al., "Growing use of synlubes”,
Hydrocarbon Processing February 1982, Pages 75 to 82. The
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Wwei ght (average fornula weight) of approximately 1800. Exanple 11 An
‘ethoxyl ate adduct was produced according to the procedure of Exanple 10
using N-(2-hydroxyethyl)- pyrrolidinone (103.2 g, 0.8 noles),

pot assi umt-butoxide (0.7 g) and ethyl ene %Uﬁé?nft&%‘l&éetg11§@ tep996 The

preduct was isolated unneutralized. A portion of this ethoxylated adduct
(87.4 g, 0.2 noles) was reacted with but20eme oxide (245 g, 3.4 nol es)
according to the procedure of Exanple 10. The product was isol ated-and

purified by Red¥adPhaclefdn 4 weéegébul%aleurrivsdarﬁm@ 20 pH@hdoduct ,
contai ni ng 7olBifinief n@rﬁlﬂe&n%mladﬁlﬁ@dlf&bmafsd th/ mmda?cw‘n htdmgpoxybut ane

had an’ ect | mAPIY=HEREOT R itk AT VES G aTe SEGERE] MR B SR Soma ol y
1800. Exanpl belfZefynmefifiectivie .NTha- bwdyaipﬂhbybflmypm@ﬁemahdweh@33 2 g,
0.18 nol es), yRQLART YU LPE EC1 4 Lthe RaRBd of 6 x 1076 to

1 x 10~5m2/s (6 to 10 centistokes). Polyalphaolefin

having a viscosity at 100°C of 8 x 10~ m2/s

(8 centistokes) has been found to be very effective.

Preferred polyoxyalkylene compounds for use in
combination with these polyalphaolefins are described in
EP-A-588429 (Applicants reference T 5677).

The carrier concentration in the final fuel
composition is up to about 1000 ppm by weight. When a
carrier is present, the preferred concentration is from
about 50 ppm by weight to about 400 ppm by weight, based
on the total weight of the fuel composition. Once the
carrier is blended with one or more compounds of
formula I, the blend is added directly to the fuel or
packaged for future use.

The hydrocarbon-soluble alkali metal or alkaline
earth metal salt, when utilised, may be one of those
described in WO 87/01126, and the compounds of formula I
are particularly suitable for incorporation, as
additional component, in fuel compositions as described
in WO 87/01126. Preferred hydrocarbon-soluble alkali
metal or alkaline earth metall salts are, however, alkali
metal or alkaline earth metal salts of a succinic acid
derivative. Such a salt of a succinic acid derivative,
when utilized, will have as a substituent on one of its
alpha-carbon atoms and unsubstituted or substituted
aliphatic hydrocarbon group having from 20 to 200 carbon
atoms. Alternatively the'succinic acid derivative will
have as a substituent on one of its alpha-carbon atoms an
unsubstituted or substituted hydrocarbon group having
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_propyl ene oxide (301 g, 5.19 noles) was placed in an autoclave and
~pr-essurized to 200 psi (1380 x 103 Pa) using nitrogen. The contents were
allowed to react at [err] for 9 hours. The pressure decreased from 395 psi

This is the replacenent sheet Date: 2 1gpUstiti8Gheet SUIS idguise 1986t -
19- August 1996 - 37 - (2720 x [err] Pa) to 250 psi (1725 x 103 Pa) over the
course of the reaction. The reaction m)@lur-e was cool ed, and the yel |l ow
product purified by aqueous extraction as described in Exanple 1. The

esti mated nofecwl 20 tei 200 %@nb¢aget¢msnuhécheighc?nbectﬁ@ngﬁo§b§t was

e s 801t 0P I s b e P gaUL GBS do et
having from 1 to 6 carbon atoms, forming a ring

structure. Suitable such salts are described for example

in EP-A-207560 and in EP-A-491439.

The salts of the succinic acid derivative can be
monobasic or dibasic. Monobasic salts in which the
remaining carboxylic acid group has been transformed into
an amide or ester group may also be used. Suitable alkali
metal salts of a partial ester of an alkyl polyether
alcohol with a succinic acid derivative are described in
EP-A-491439. .

Suitable metal salts include lithium, sodium,
potassium, rubidium, cesium, and calcium salts.
Particularly preferred salts are described in
EP-A~-207560.

The aliphatic hydrocarbon substituent(s} of the
succinic acid derivative is suitably derived from a
polyolefin, the monomers of which have 2 to 6 carbon
atoms. Thus, convenient substituents include poly-
ethylene, polypropylene, polybutylenes, polypentenes,
polyhexenes or mixed polymers. Particularly preferrediis
an aliphatic hydrocarbon group which is derived from
polyisobutylene.

The hydrocarbon group may include an alkyl and/or an
alkenyl moiety, and may contain substituents. One or more
hydrogen atoms may be replaced by another atom, for
example halogen, or by a non-aliphatic organic group,
e.g. an (un)substituted phenyl group, a hydroxy, ether,
ketone, aldehyde or ester. A very suitable substituent in
the hydrocarbon group is at least one other metal
succinate group, yielding a hydrocarbon group having two
or more succinate moieties.

The aliphatic hydrocarbon group should contain 20 to
200, preferably 35-150, carbon atoms. When a polyolefin

This is the replacement sheet

2\ Aﬂﬁ“ﬁﬁ

Date:



(23.2 g, 0.18 noles), potassiumt-butoxide (1.0 g), propylene oxide (136 g,
2..34 nol es) and 2-et hyl hexyl gl'ycidyl ether (obtained fromAldrich Chem cal
Conmpany, 167 g, 0.9 noles) were reacted according to the procedure of
Exanpl e 12. The final product was al so purigjpR@tis SHEERQUEFO AUguatt1996 as
described in Exanple 1. The estimated nol ecul ar wei ght (average fornul a

wei ght) of the product was approxi mat et 22800, at approximately 14 units of
propyl ene oxide adduct and 5 units of 2- eqhylhex¥l | yci dyl et her adduct.
Exanpl e 14 Alfi ¥sedeasr sNbgikypansxbenhghpipy Lepoith gréné‘l‘(‘i'f%e@,"-lﬁ. 17

nol es), pot aggprRselUhaxicde himBed) a?@dadechblebaiur Geiehdy! rTakeher (234

g, 1.53 noles s reacted aciordigg to,t le 12. The
S

\ Be Bro&gdure of .Exa
final producPURASTpAVEFRE BY-EGH weightcPEo kg SHOSEATHER S neEfanpl e 1
to obtain a detdminkdvbgygoamometicppt ¢8 advantbgeousilghttromvdlagéof or nul a
wei ght) of apgpgxi mately 1800, at approximately 9 units of 2-ethyl hexyl

gl yci dyl et her "adduct.
The succinic acid derivative may have more than one

C20-200 aliphatic hydrocarbon group attached to one or
both alpha-carbon atoms, but preferably it has one
C20-200 aliphatic hydrocarbon group on one of its alpha-
carbon atoms and on the other alpha-carbon atom either no
substituent or a hydrocarbon of only a short chain"
length, e.g. Cj-g group. The latter group can be linked
with the Czq-200 hydrocarbon group forming a ring
structure.

The fuel compositions of the present invention may
also contain one or more additional detergents. When
additional detergents are utilized, the fuel composition
will comprise a mixture of a major amount of hydrocarbons
in the gasoline boiling range as described hereinbefore,
a2 minor amount of one or more compounds of formula I as
described hereinbefore and a minor amount of an
additional detergent selected from polyalkenyl amines,-
e.g. polybutyleneamines, such as "KEROCOM" polyiso-
butyleneamine, available ex BASF, Mannich amines,
polyalkenyl succinimides, poly(oxyalkylene) carbamates,
poly(alkenyl)-N-substituted carbamates, low molecular
weight amines, e.g. Cjg-20 alkylamines such as
dodecylamine, and mixtures thereof. As noted above, a
carrier as described hereinbefore may also be included.
The "minor amount®™ is preferably less than about 10% by
weight of the total fuel composition, more preferably
less than about 1% by weight of the total fuel
composition and yet more preferably less than about 0.1%
by weight of the total fuel composition.
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Example 15 A m xture of N-(2-hydroxyethyl)-pyrrolidinone (21.9 g, 0.17
‘mol es), potassiumt-butoxide (1.0 g), butylene oxide (142 g, 1.97 nol es)
and 2-ethyl hexyl glycidyl ether (142 g, 0.765 noles) were reacted accordi ng

to the procedure of Exanple 12. The produc ki, 14aS. repl ntggdeet
JBURSHS - P8 RESIR

Date: 2 1 AUG 1996  Substitute sheet - 1 ugus was purified
by aqueous extraction as described inEggmple 1 to obtain a product having
an estimated nol ecul ar wei ght (average formul a wei ght) of approximately
1800, at approxiTieé epylyXlkenyls ariirdetgéeergentsicuttilized acompriset at of

Z'Ethylhexyllég¥€i8W$ ﬁ%ﬁ@%afgwaﬁydfgégPﬁgn1§roup having at least 50
carbon atoms and at least one monovalent hydrocarbon
group having at most five carbon atoms bound directly to
separate nitrogen atoms of a diamine. Preferred poly-
alkenyl amines are polyisobutenyl amines. Polyiscbutenyl
amines are known in the art and representative examples
are disclosed in various U.S. Patents including

' U.S. Patent No. 3,753,670, U.S. Patent No. 3,756,793,
U.S. Patent No. 3,574,576 and U.S. Patent No. 3,438,757,
each incorporated herein by reference. Particularly
preferred polyisocbutenyl amines for use in the present
fuel composition include N-polyisobutenyl-N',N'-dimethyl-
1,3~-diaminopropane (PIB-DAP), OGA~472 (a polyisobutenyl
ethylene diamine available commercially from Oronite),
N-polyisobutenyl diethylene triamine (PIB-DETA) and
N-polyisobutenyl triethylene tetramine (PIB-TETA).

The Mannich amine detergents utilized comprise a
condensation product of a high molecular weight alkyl-
substituted hydroxyaromatic compound, an amine which
contains an amino group having at least one active
hydrogen atom (preferably a polyamine){ and an aldehyde.
Such Mannich amines are known in the art and are
disclosed in U.S. Patent No. 4,231,759, incorporated
herein by reference. Preferably, the Mannich amine is an
alkyl substituted Mannich amine.

The polyalkenyl succinimide detergents comprise the
reaction product of a dibasic acid anhydride with either
a polyoxyalkylene diamine, a hydrocarbyl polyamine or
mixtures of both. Typically the succinimide is
substituted with the polyalkenyl group but the poly-
alkenyl group may be found on the polyoxyalkylene diamine
or the hydrocarbyl polyamine. Polyalkenyl succinimides
are also known in the art and representative examples are
disclosed in various patent references including
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A mxture of N-(2- hydroxyethyl) pyrrolidinone (23.2 g, 0.18 nol es),
*pot assi um t-butoxide (1.0 g) and isopropyl glycidyl ether (obtained from
Al drich Chem cal Conpany, 301 g, 2.58 nples) was reacted according to the

procedure of Exanple 12. The product was pgfbtififte@headue@Aueiist d@96n as
described in Exanple 1 to obtain a product having an estimted nol ecul ar
wei ght (average formula weight) of appr24isately 1800, at approximately 14

units of isopropyl glycidyl ether adduct. Exanple 17 600 g (0.375 noles) of
the product UbfS.ERahent Novas, @& 8,n ER-m2 08560s, D&‘ﬁé@&@d 258 %ot t oned

flask equi pped Wgdténdradlan, ey S:tasr,r@' S tcm;%rr&t W qoratlroolzear,,
Dean-stark trap and water conq 2 Under tro en atno 4&

2- et hyl hexafoie F@EASHY Y. gr?@l'e i‘ng under
ni trogen fl Qus.t Fatend moaqusbmt?edu@ fmemltomb [6r.r0]61t,<296bmﬂd [err]

Ig; oﬁ\éﬁrt he ¢g;p%aﬁ1%&r‘$$}%?@ r}g 4Itﬂr’l 1§§§f§é%t e)df }P%é‘% on%?/oduct)
havi ng an reference.

Particularly effective succinimide detergents are
those obtained by reacting at least one amine, with a
polyalkenyl derivative of a monoethylenically unsaturated
C4-10 dicarboxylic acid material in which the ratio of
dicarboxylic acid moieties per polyalkenyl chain is not
greater than 1.2:1 and the number average molecular
weight (Mn) of the polyalkenyl chain is in the range from
1600 to 5000, e.g. as described in EP-A-587250
(Applicants reference T 1665).

Amines employed in the preparation of said
succinimide detergents are preferably Cj-39, more
preferably Ci-.18, and especially Cg-.12, amines containing
1 to 8 nitrogen atoms. Such amines may be branched or
unbranched, saturated aliphatic, primary or secondary
amines, containing 1 to 8 nitrogens, preferably mono- or
diamines, such as ethylamine, butylamine, sec. butyl-
amine, diethylamine and 3-dimethylamino-l-propylamine,
but includihg higher polyamines such as alkylene

- polyamines, wherein pairs of nitrogen atoms are joined by
alkylene groups of 2 to 4 carbon atoms.

The poly(oxyalkylene) carbamate detergents comprise
an amine moiety and a poly(oxyalkylene) moiety linked
together through a carbamate linkage, i.e.,

' ==0-C(Q) ~N=-~ (X1) .
These poly(oxyalkylene) carbamates are known in the art
and representative examples are disclosed for example in
U.S. Patent No. 4,191,537, U.S. Patent No. 4,160,648,
U.S. Patent No. 4,236,020, U.S. Patent No. 4,270,930,
U.S. Patent No. 4,288,612 and U.S. Patent No. 4,881,945,

This is the replacement sheoet

pate: 21 AUG 1998



estimated nol ecul ar wei ght (average formula weight) of approximately 1750,
was further purified by extraction with water and evaporated in a rotary
evaporator under 8 [err], 10 mm Hg vacuum (1. 33 x 103 Pa). GPC anal ysi s

indicated a simlar weight average nol ecul &j,p4gt@lat siued - StAudUsti 9860 t he
-conpound of Exanple 1 but with a slightly broader polydispersity (1.12 vs.

1.09). This is the replacenent sheet Ba® -~ 2 1 AUG 1996 Substitute

sheet - 19 August, 1996 - 39 - Exa 18 The procedur e of le 1 was

r epeat ed wi R dneSraanakhed har egg'bg’l( ZFQL‘% "e%*) Fant &C‘Eﬁ%&”@%m ane was

utilized topreferred polduoxyalkylems) edibaiattbsiruiss iwighé (average

formil a vel ghtdsefe WY gt PSRl dads’ GHB " (o ifs BPOSHPLt ane
alkylene) carbamate which is available commercially from
Oronite) .

The poly(alkenyl)~-N-substituted carbamate detergents

utilized are of the formula: '
o]

R-A-C-ORL (XII)
in which R is a poly(alkenyl) chain; Rl is a hydrocarbyl
or substituted hydrocarbyl group; and A is an N-
substituted amino group. Poly(alkenyl)-N-substituted
carbamates are known in the art and are disclosed in
U.S. Patent No. 4,936,868, incorporated herein by
reference.

Preferred low molecular weight amines are Cjg-20
alkylamines. Aliphatic primary monoamines, particularly
linear.aliphatic primary monoamines, hawving 10 to 20
carbon atoms are particularly preferred. The alkylamine
preferably has 10 to 18, e.g. 12 to 18, more preferably
12 to 16 carbon atoms. Dodecylamine is particularly
preferred. = _

The one or more addltlonal detergents are added
directly to the hydrocarbons, blended with one or more
carriers, blended with one or more compounds of Formula
I, or blended with one or more compounds of Formula I and
one or more carriers before being added to the
hydrocarbons.

The concentration of the one or more additional
detergents in the final fuel composition is generally up
to about 1000 ppm by weight for each additional
detergent. When one or more additional detergents are
utilized, the preferred concentration for each additional
detergent is from about 50 ppm by weight to about 400 ppm
by weight, based on the total weight of the fuel
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Test Results In each of the following tests, the base fuel utilized .
*canprised either prem um unl eaded gasoline (PU (90+ octane, [RtM21) (R =
research octane nunber; M = notor octane nunber) and/or regul ar unl eaded

gasoline (RU) (85-88 octane, [R+M 2]). Thosgpskitltecshde? -1 18 Aligusei1996
reecogni ze that fuels containing heavy catalytically cracked stocks, such as
most regular fuels, are typically nore @ffficult to additize in order to

control deposits and effectuate octane r%gﬁirenent reduction and octane
requi r enent CPRPPSASdBoneven more Pr@farabliviLrank #ReMk & 3 &A% RYds

utilized weweigh®Paoc@baut 126i0C pipid By Wi, e basede bnanthertiotalsed at the
concentrationii i%%t%ﬁﬁigwg na%*syeL ht . jhe tests enpl oyed are described
bel ow and t W&LS, S ¢S are set forth in the tables
bel ow. | ntake VAdddthweosotpdeentsEcamée faddedy separetelsr ¢o hieal | ed i n
dynariret ef gaglhriel o3/ Hanl HEAB13ndel S Yrid RO N0 @ cycle
of idle, |ow speed and hj gh speed conponents Ile
forming an additive concentrate, and added to the
gasoline together. Suitable gasoline-compatible diluents
are hydrocarbons and mixtures of hydrocarbons with
alcohols or ethers, such as methanol, ethanol, propanol,
2-butoxyethanol, methyl tert-butyl ether, or higher
‘alcohols such as "Dobanol 91", (trade mark) available
from member companies of the Royal Dutch/Shell group.
Preferably the diluent is an aromatic hydrocarbon
solvent such as toluene, xylene, mixtures thereof or
mixtures of toluene or xylene with an alcohol. '
Additionally preferred diluents include "Shellsol ARB",
"Shellsol R", (trade marks) and low aromatic white spirit
(LAWS) , which are available from member companies of the
Royal Dutch/Shell group. ]
The invention further comprises an additive
concentrate suitable for addition to gasoline which
comprises a gasoline-compatible diluent and a compound of
formula I as defined above, and optionaily also at least
one additional additive compound as defined above.
Engine Tests
Decreasing Intake Valve Deposits
The invention further provides a process for
decreasing intake valve deposits in engines utilizing the
fuel compositions of the present invention. The process
comprises supplying to and combusting, or burning, in an
internal combustion engine a fuel composition comprising
a major amount of hydrocarbons in the gasoline boiling
range and a minor amount of one or more compounds of
formula I as defined.above.
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carefully controlling specific operating paraneters. Fuels with and w t hout
‘t he conpounds of Formula | were tested in a variety of engines having port
fuel injection including, 2.3 L Ford, 2.3 L Odsnobile (Ads), 3.1 L

Chevrolet (Chev) and 2.7 L BMNengines to %‘E‘o@ﬁ \teSsHda® -ef d daigusenese of
the instant conpounds in reducing |ntake va p05|ts ("L" refers to

litre). 0.359 L Honda generator engines qu1pped wth carburettors wer e

also utilized to_deternjne the effectiveness of t Thi,s s the
repl acenent shee?y[ﬁﬂﬁgqyln32ﬁ9 1eepPust E%%S?FP%? %h g@ ugust
1996 - 40 - composﬂdSonr&meﬁhmiﬁtgrm&hk@omthEidﬂpengiae,Bdéposxtachntest

e o \BioL DRAGCLER 4E e SALPGYILEP AGSOTeR! 3o ghe Ehtaped and
of the intake valves, are reduced. The reductlon lS
determined by running an engine with clean induction
system components and pre-weighed intake valves on
dynamometer test stands in such a way as to simulate road
operation using a variety of cycles at varying speeds
while carefully controlling specific operating para-
meters. The tests are run for a specific period of time
on the fuel composition to be tested. Upon completion of
the test, the induction system deposits are visually
rated, the valves are reweighed and the weight of the
valve deposits is determined.

Controlling Octane Requirement Increases

The invention further provides a process for
controlling octane requirement increases in engines
utilizing the fuel compositions of the present invention.
The process comprises supplying to and combusting, or
burning, in an internal combustion engine a fuel
composition comprising a major amount of hydrocarbons in
the. gasoline boiliﬁg range and a minor amount of one or
more compounds of formula I as defined above.

Octane requirement is the maximum octane number of a
gasoline that presents trace knock in a given engine
within the engine's normal operating range. An increase
in octane requirement is generally experienced during
mileage accumulation on a new engine. The increase is
typically attributed to an increase in engine deposits.

Octane requirement increase control is a performance
feature that is usually expressed as a comparison of the
octane requirement increase developéd with a gasoline
containing additives (test gasoline) relative to a
version of the same gasoline without additives (base
gasoline), i.e., the positive difference obtained by
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and new oil and fuel filters, gaskets and spark plugs were installed. In
‘ald1 engi nes except the Honda, the tests were run in cycles consisting of
idle, 35 nph (56 kph) and 65 nph (104 kph) for a period of 100 hours unl ess
indi cated otherwi se. In the Honda engines, dytk6& Shed 219 WMudustCyS9Es
cohsisting of a no load idle node for one mnute followed by a three m nute
node with a load at 2200 rpmfor a pe @8 &f 40 hours unl ess indicated

ot herwi se. At the end of each test, the intake valves were renoved and

wei ghed. TARUbLragtihg the \eedebbsiof gaschbine GenbainbngFaddhtivesnpound

Conc. ppm  AredmOgas8PORE i@ Ve Yebght Vi ght ,
g 1 o FER0e WiATRISed not colftéin ?d&ot VY o5 qx - -
. . . . The test _protocol for octane_requirement_increase . -
éOO - - control must establis$h) the sta¥fe octandbred@irement of PU

E%he base gasoline relative to a clean engine. Base
gasoline is typically the test gasoline without additives
or special treatment; however, it may be gasoline
containing additives for a specific comparison.

Octane requirement increase control testing consists
of operating an engine assembled with clean combustion
chambers and induction system components on a test
gasoline to octane stabilization, measuring the octane
requirement at regular intervals. The octane requirement
increase control is the difference between the stabilized
octane requirement of the engine operated on test
gasoline and that of the stabilized octane requirement of
the engine on base gasoline.

Reduction of Octane Requirement

The invention still further provides a process for
reducing octane requirement in engines utilizing the fuel
dompositions of the present invention. The process
comprises supplying to and combusting, or burning, in -an
internal combustion engine a fuel composition comprising
a major amount of hydrocarbons in the gasoline boiling
range and a minor amount of one or more compounds of
formula I as defined above.

Octane requirement reduction is the reduction of the
octane requirement of an engine'by the action of a
particular gasoline, usually measured as a decrease from
a2 stabilized octane requirement condition.

Octane requirement reduction is a performance feature
that demonstrates a reduction from the established octane
requirement of a base gasoline in a given engine. Octane
requirement reduction testing consists of operating an
engine, which has achieved stable octane requirement
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3 PU 200 17 7 PU 200 23 9

*PU 200 12 PU 0 39 6 PU |
200 27 PU 0 83, 79 This is the replacenent sheet Date:

2 1 AUG 1998 Substitute sheet - 19 August 1996, - 41 .- (rogé' d)

| nt ake Val ve Deposits in Honda Generat or E%%Z@S&%%et}ndi@%&t

Conc. ppm Average Deposit Exanple # - 29 Euel by Wei ght Wei ght

ng 1 RU 200 39 1 RU 300 34
2 ufilhg base 2Adkoline, dh a test gasoline for approximately

100 hours. Octane measurements are made daily and octane
requirement reduction is a reduction of octane
requirement from that of base gasoline. Several octane
requirement reduction tests may be conducted in a series
for fuel to fuel comparison, or test fuel to base fuel
comparison, by restabilizing on base fuel between octane
requirement reduction tests. '

The contribution of specific deposits is determined
by removing deposits of interest and remeasuring'octane
requirement immediately after the engine is warmed to
operating temperature. The octane requirement
contribution of the deposit is the difference in ratings
before and after deposit removal.

Compounds of formula I have been found to decompose
during combustion to environmentally'acceptable products,
to produce very little residue and to be miscible with
carriers and additional detergents.

The invention will be further understood from the
following illustrative examples.

Ex les
Compound Preparation _ _

The cyclic amide alkoxylates used in the following
examples were prepared by reacting an initiator with one
‘or more epoxides in the presence of a potassium compound
to produce compounds of formula I having a weight average
molecular weight from about 600 to about 4000 as measured
by gel permeation chromatography (GPC). In this speci-
fication, unless the context specifies otherwise, the
term molecular weight and designation "Mw" refer to
weight average molecular weight as measured by gel
permeation chromatography (GPC), and estimated molecular

" weight is estimated relative molecular mass (average
formula weight).
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- RU 0 98 * Indicates an average of five tests in
three different Honda generator engines. Results of these tests denobnstrate
that the conpounds of the present invention are very useful in

significantly preventing the accunul ati on Ogyggﬁﬁ@iete%ﬁ% _t{*galpj%%lfqgg% ves

I n-the generator engines tested as conpared ects o base fue
(i ndi cated by no conpound exanple # and- B@pm by wei ght) as shown by the
much | ower average val ve deposits. This is the replacenent sheet Date: 2 1
AUG 1996 Foamplet & sheet- 19 August 1996 - 42 - TABLE 3 Intake Val ve

ngg:::s i n Vari oysyERgHPESe FORP PSR droxyethyl) -pyrrol £2fRon8P{52 4yerage
0.40 moles), potassium hydroxide (1.9 g in 1.5 g water)
and toluene (200 g) was heated to 80°C under reduced
pressure of 10 mm Hg (1.33 x 103 Pa) for over 30 minutes.
The mixture was added along with 1,2-epoxybutane (598 g,
8.3 moles) to a one litre autoclave equipped with heating
and cooling means. The autoclave was sealed and purged
of air by pressurizing and depressurizing with nitrogen
at ‘50 psi (345 x 103 Pa) several times. With stirring
and an initial nitrogen pressure of 50 psi (345 x 103
Pa), the mixture was heated slowly to 120°C and held at
this temperature for over 12 hours. During the process,
a maximum autogenous pressure at 125 psi (861 x 103 pa)
at 127°C was observed. The pressure had dropped to
63 psi (434 x 103 Pa) by the end of the reaction. The
mixture was then cooled to ambient temperature, excess
gas was vented and the product was recovered as a light
brown liquid. This crude product was evaporated in a
rotary evaporator at 80°C and 10 mm Hg (1.33 x 103 pPa) to
remove light material. BApproximately 1.0 g of 1,2~
epoxybutane was removed, indicating nearly quantitative
conversion of the 1,2-epoxybutane.

GPC, NMR and IR analysis were consistent with the
desired structure of a N-(2-hydroxyethyl)-pyrrolidinone
butoxylate at approximately 20 units of 1,2-epoxybutane
adduct. _

The crude product was further purified using an
extraction procedure to remove trace amounts of color
body. The crude product was dissolved in hexane (50%
basis of product) and extracted utilizing water three
times at ambient temperature (20°C). The organic layer
was then subjected to evaporation in a rotary evaporator
at 80°C and 10 mm Hg (1.33 x 103 Pa) to obtain a final
product having an estimated molecular weight (average
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Exanple # Engine Fuel by Wei ght Wi ght, ng - 2.8 L Chev PU

0 - - 232 1 PU 200 212 1

PU 400 55 - 2.3 L Adds PU 0 174* 1
PU 200 56 1 398 Auqust 1996 67 -
3.1 L Chev PU 0 72 1 _S”H%Hwte sheet -1 Aug 200

38, 69 9 . PU 206- 31 - 33 - 2.7 L BMW PU

0 138* 1 " PU 200 - 86 4

PU 20ormula weight?)3 &f approximately PE00. GPC 208lysis 115 -

2932'- Ford fﬂﬁicate%ua OQveight 316%ra3é2m&lec&323r 9weight oPLkw=125gU 200

200 and @ P lyiibiRessitatcHakeO%uel having a different blend but
t he sane OCtEX@npy DS atilized.

The procedure of Example 1 was repeated with the
following exceptions: a mixture of N-(2-hydroxyethyl)-
pyrrolidinone (48g, 0.37 moles) and potassium hydroxide
(L.7g in 1.7¢g water) was utilized in the absence of
toluene. The mixture was added along with a mixture of
1,2-epoxybutane (442 g, 6.1 moles) and nonylphenocl
epoxide (110 g, 0.40 moles, an epoxy compound marketed as
"HELOXY 64" (trade mark) by Rhone-Poulenc, with a
structure derived from nonylphenol and epichlorchydrin)
to the autoclave. The mixture was heated slowly to 118°C
and maintained at this temperature for over 8 hours.

The product was confirmed by GPC, NMR and IR
analysis, at approximately 17 units of 1,2-epoxybutane
adduct and 1 unit of nonylphenol epoxide adduct. The
crude product was further purified by the procedure of
Example 1 to give a final product having an estimated
molecular weight (average formula weight) of
approximately 1600. GPC analysis indicated a weight
average molecular weight of Mw=1100 and a polydispersity
of 1.12.

Example 3

The procedure of Example 1 was repeated with the
following exceptions: a mixture of N-{2-hydroxyethyl)-
pyrrolidinone (HEP) (43.3 g, 0.34 moles) and potassium
hydroxide (1.7 g in 1.7 g water) was utilized in the
absence of toluene. The resulting mixture was added
along with propylene oxide (498 g, 8.6 moles) to the
autoclave. The mixture was heated slowly to from 117°C
to 120°C and maintained at this temperature for over
6 hours.

This is the replacement sheet

nae: 21 AUG 15



. The results given in Tabl.e 3 denonstrate that the conmpounds of the present
invention were very useful in significantly preventing the accurul ati on of
deposits on the intake valves in those tests as conpared to the effects of

the base fuel (indicated by no conmpound exaups@iidtedstibel -PPAYguUati PG, as
shown by the | ower average val ve deposits. This is the replacenent sheet

Dat e: 2 1 AUG 1996 Substitute shee32 9 August 1996 - 43 - TABLE 4

| nt ake Val ve Deposit Tests, Utjlizing Additional Detergents and Carrier
Fl ui ds Addi ti ond™MR ARARY S VedgR8d 2 21y YRl F R HEERr ei nbefore) were

conduct ed i rptdoryTate BAV NG | 4| g £06@ 0O R S Sp PO PRénd oxidwanpl e 1 and
addi ti onal adducts. The crude product was further purified by the
procedure of Example 1 to give a final product having an
estimated molecular weight (average formula weight) of
approximately 1600. GPC analysis indicated a weight
average molecular weight of Mw=1260 and a polydispersity
of 1.11.
Example 4 . .-

The procedure of Example 1 was repeated with the
exception that the crude product was further purified
using a filtration procedure. - The crude product was
mixed with disodium dihydrogen pyrophosphaté (NagHoP207,
1.25 molar ratio to potassium) and water (5% wt basis of
product). The mixture was heated to 80°C for over one
hour with agitation. The slurry was filtered to remove
solid material and to obtain a light-colored liquid as
the final product containing less than 30 ppm by weight
potassium and sodium.

Example 5 . -

The procedure of Example 1 was repeated with the
following exceptions: a mixture of N-(2-hydroxyethyl)-
pyrrolidinone (40 g, 0.31 moles) and potassium hydride
(1.2 g) were mixed for over 30 minutes at ambient
temperature (20°C). No toluene was used. The resulting
liquid was added along with 1,2-epoxybutane (561 g,

7.8 moles) to the autoclave. The autoclave was sealed
and purged of air and filled with nitrogen to 200 psi
(1380 x 103 Pa) while still at ambient temperature. The
mixture was heated slowly to 137°C and maintained at this
temperature for over 6 hours. During the process, a
maximum autogenous pressure at 319 psi (2200 x 103 pa) at
137°C was observed. The pressure dropped to 271 psi
(1870 x 103 Pa) at the end of the reaction.
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conponents (detergents or carrier fluids) in regular unleaded gasoline.

Lonc. ppm Conc. ppm Aver age Deposit by Wi ght of by
Wi ght of Wei ght, ng Exanple 1 Addi ti onal Conponent --0--
--0-- 185 200 50 m.OGA- 4801 2 00
50 ppm [err] 233 125 1 'r'i'r'fee?l??eq - 19 Augusy 1}%%8
300 ppm[err] 115 150 - 33 - 300 ppmJ[err] 189

0 250 ppm [err] 199 125 125 ppm [err]
I R EE R The-crude-product-was-purified-using- an éxtoast4dn’ -a

nunber - aver SBESREREER| 4 HEL o HRE . BFRAE bRealie wAd R SRR Tvel kT ®

Addi tives Dikexane ¢650¥hbasbe cheprodictdnpefigre2bpingDartracted

N-pol yi sobut gRybe Neifes tiviBh Ny mixBurd! 8% HEPhRRBNPetNAnG1}Waker at a
ratio of approximately 1 : 0.2 : 1. The product was then
subjected to evaporation in a rotary evaporator at g8o°C
and 10 mm Hg (1.33 x 103 Pa) to obtain a light-colored
(yellow) transparent fluid. A final product having an
estimated molecular weight (average formula weight) of
approximately 2000 was obtained, at approximately
26 units of 1,2-epoxybutane adduct. GPC analysis
indicated a weight average molecular weight of Mw=1440
and a polydispersity of 1.09.
Example 6

. The procedure of Example 1 was repeated with the

following exceptions: a mixture of N-(2-hydroxyethyl) -
pyrrolidinone (59.5 g, 0.46 moles} and potassium
hydroxide (1.7 g in 1.7 g water) was utilized in the
absence of toluene. The resulting mixture was added
along with 1,2-epoxybutane (540 g, 7.5 moles) to the
autoclave. The mixture was heated slowly to 118°C and
maintained at this temperature for over 7 hours. Duriﬁg
the process, a maximum autogenous pressure at 125 psi
(862 x 103 Pa) at 120°C was observed.

The crude product was purified by the procedure of
Example 1 to give a final product having an estimated
molecular weight (average formula weight) of
approximately 1300, at approximately 16 units of
1,2-epoxybutane adduct. GPC analysis indicated a weight
average molecular weight of Mw=1060 and a polydispersity
of 1.08,

Example 7

The procedure of Example 1 was repeated with the
following exceptions: a mixture of N-(2-hydroxyethyl)-
pyrrolidinone (97 g, 0.75 moles), potassium hydroxide
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3 PIB - polyisobutylene, Mh = 750. 4 PAO - a polyal phaolefin, being a
~hydrogenat ed ol i goner of decene-1, having a viscosity at [err] of 8 x 106
[err] (8 cst). 5 PPO - Pol ypropyl ene oxide, WM = 1600. 6 MA - an al kyl

substituted Mannich am ne al so known as " 0.. " rn¥q i { | abl e
frrom Et hyl Additives. Results of these tesgggﬁgﬁ§ﬁ§WP§?é t %Paggﬁﬂgﬁﬁ%s of
t he present invention, when conbined wiigg carrier fluids This Is the

repl acenent sheet Date: 2 1 AUG 1996 Substitute sheet - 19 August
1996 - 44 - (x.fdsh tardhado Madrey O30 Sg)arwasisstitred Pr camiviemy t he

accunut at | o1} SodEhREd S\ AHPch "R Hi¥Shgel HehobpiAd Gl Deposi

dissolved. The mixture was subjected to rotary
evaporation under reduced pressure (10mm Hg) (1.33 X
103 Pa) and heat (80°C) to remove water. The resulting
liquid was added along with 1,2-epoxybutane (503 g,

© 7.0 moles) to the autoclave. The pressure was increased
to 200 psi (1380 x 103 Pa) and while stirring, the
mixture was heated slowly to between 137°C and 140°C and
held at this temperature for over 7 hours. During the
process, a maximum autogenous pressure at 370 psi
(2550 x 103 Pa) was observed.

The crude product was purified by the procedure of
Example 1 to give a final product having an estimated
molecular weight (average formula weight) of
approximately 800, at approximately 9 units of 1,2-
epoxybutane adduct. GPC énalysis indicated a weight
average molecular weight of Mw=746 and a polydispersity
of 1.05.

Example 8

' The procedure of Example 1 was repeated with the
following exceptions: a mixture of 2-pyrrolidinone (32g,
0.38 moles) and potassium t-butoxide (1.7g) was-utilized
in the absence of toluene. The resulting material was
added with 1,2-epoxybutane (568g, 7.9 moles) to the
autoclave. The mixture was heated slowly to a
temperature from 137°C to 141°C for over 7 hours. A
pressure of from about 370 psi (2550 x 103 Pa) to about
278 psi (1920 x 103 Pa) was recorded during this time.
The final product had an estimated molecular weight
(average formula weight) of approximately 1600, at
approximately 20 units of 1,2-epoxybutane adduct. GPC
analysis indicated a weight average molecular weight of
Mw=1240 and a polydiépersity of 1.08.
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Addi t.ional Detergents and Carrier Fluids Additional intake valve deposit
‘tests (as defined hereinbefore) were conducted in the 0.359 L Honda
generator engine utilizing conpounds as prepared in Exanple 1 and

addi ti onal conponents -(detergents or carri r AL yqb@@ﬂed
gasoline. Conc. ppm Conc.- ppm §Ub£ﬁ#ﬁg§%ebge1§gffﬁb§ wei ght of

by wei ght of Wei ght, ng Exagple 1 Addi ti onal Conponent
125 --0-- 49.0 125 125 ppm

Pl B- DAP1 Example A 125 125 ppm MPDC2 29.3 125

300 pp"1EN'9003The procééﬁf@ of Example I wad repeated with the .~ °

N pol yi sobutfé?MQ"NnQ\l Q‘iﬁﬁﬁ?ﬂ%ﬂazl 2 %’ﬁ%ﬁ%rﬂ%&aﬁéﬁ’rﬂ;“t%duz- 4%DC -
Met hyl PI B- mamrmr@é)e pYtassiled hyidedhei) 1.0gam NaBtdam€edP0 sus
m neral oil Its of tests rther d nstr.ate that_ the, cogpounds
of the preséﬂ l'ﬁ)n ﬂﬁ?@ trf'('jd' ‘{‘h eﬁps mixture was ad& g’p
along with 1,2-epoxybutane (558g, 7.75 moles) to the
autoclave. .The mixture was slowly heated to from 118°C
to 119°C under nitrogen pressure (73 psi (503 x 103 Pa)
to 123 psi (848 x 103 Pa)) for over 6 hours. The crude
product was purified by the procedure of Example 1 to
give a final product having an estimated molecular weight
(average formula weight) of approximately 1600, at
approximately 20 units of 1,2-epoxybutane adduct. GPC
analysis indicated an average molecular weight of Mw=1230
and a polydispersity of 1.09.
Example 10
A mixture of N-{(2-hydroxyethyl)-pyrrolidinone (HEP)
(129 g, 1.0 moles) and potassium t-butoxide (0.5 g) was
heated to approximately 80°C under a reduced pressure of
10 mm Hg (1.33 x 103 Pa) for 30 minutes. The mixture was
placed in a one litre autoclave, and. the air was replaced
with nitrogen. The reactor contents were pressured to-
30 psi (207 x 103 Pa) of nitrogen and heated to 150°C.
Ethylené oxide (EOQ) (132 g, 3.0 moles) was fed slowly at
60 psi (414 x 103 Pa) to the mixture over a 45 minute
period. After the ethylene oxide was added, the mixture
was maintained at 150°C for an additional 30 minutes to
complete the reaction. The reaction was cooled to
ambient temperature without neutralization and the
ethoxylate adduct was isclated.
A portion of the ethoxylated adduct (52 g, 0.2 moles)
was dissolved in butylene oxide (1,2-epoxybutane)
(BO) (288 g, 4.0 moles) at 25°C and added to the
autoclave. The autoclave was sealed, purged of air and
pressurized to 50 psi (345 x 103 Pa) using nitrogen. The
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carrier fluids or co-detergents are useful in preventing the accunul ation
*of. deposits on intake valves. This is the replacenent sheet Date: 21
AUG 1996 Substitute sheet - 19 August 1996 - 45 - TABLE 6 Honda

Gener at or Engi ne Test Results Using Varioug Al kyl en i S g HEP
Addi ti onal intake valve deposit tests (as §%¢Fﬁ§&%H§F§¥ngﬁ?org% wer e
conducted in 0.359 L Honda generator engknes using prem um unl eaded
gasoline together with a variety of al kyl ene oxi de adducts of

N- ( 2- hydr oxststyen) -wasy Mrezltied roond 40%EP) produciagi eusotadi paeissygecofstitute
Lo PSS (P79 g% K g hetndl "4 Bpaiaa Ures o

for 5 hours. The reaction mixture was cooled to 25°C and
the crude yellow product was evaporated in a rotary
evaporator at 80°C and 10 mm Hg (1.33 x 103 Pa) to remove
any light (volatile) material. A total of 330 grams was
isolated. The product was purified by aqueous extraction
as described in Example 1. The product, containing 3
units of ethylene oxide adduct. and 20 units of 1,2-
epoxybutane adduct, could be represented by the schematic
formula HEP(EQ) 3(BO)20H, and had an estimated molecular
weight (average formula weight) of approximately 1800.
Example 11

An ethoxylate adduct was produced according to the
procedure of Example 10 using N-(2-hydroxyethyl) -~
pyrrolidinrone (103.2 g, 0.8 moles), potassium~t-butoxide
(0.7 g) and ethylene oxide (246.4 g, 5.6 moles). The
product was isolated unneutralized. _

A portion of this ethoxylated adduct (87.4 g,
0.2 moles) was reacted with butylene oxide (245 g,
3.4 moles) according to the procedure of Example 10. The
product was isolated and purified by aqueous extraction
as described in Example 1. The product, containing 7
units of ethylene oxide adduct and 17 units of
1,2-epoxybutane adduct, could be represented by the
schematic formula HEP(EO)7(BO)17H and had an estimated
molecular weight (average formula weight) of
approximately 1800,
Example 12

A mixture of N-(2-hydroxyethyl)-pyrrolidinone
(23.2 g, 0.18 moles), potassium butoxide (1.0 g) and
propylene oxide (301 g, 5.19 moles) was placed in an
autoclave and pressurized to 200 psi (1380 x 103 Pa)
using nitrogen. The contents were allowed to react at
120°C for 9 hours. The pressure decreased from 395 psi

This is the replacement sheet
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b) mxtures of propylene oxide (PO/other alkylene oxides c) other pure
*al kyl ene oxi des. For purposes of clarity the hydrogens have been elim nated
fromthe ring structures of Table 6. Al conpounds have an esti nated

nol ecul ar wei ght of approximtely 1800 and [StiSSsheds 298 m@slqy‘g@gght
concentrations. This is the replacenent sheéé\‘@s u?%:éh 2 1 AUG 1996

Substitute sheet - 19 August 1996 - 46--37TABLE 6 Conpound Chem cal
Structure Aver age Exanpl e EEscriptign
Deposit 18* (2720 x L@frPa) to 250 psi2(27p&rx] 103 Pa) over the

course of the reaction. The reaction mixture was cooled,
and the yellow product purified by aqueous extraction as
described in Example 1. The estimated molecular weight
(average formula weight) of the product was approximately
1800, at approximately 29 units of propylene oxide
adduct.
Example 13 _

A mixture of N-(Z-hydroxyethyl)-pyrrolidinone
(23.2 g, 0.18 moles), potassium t-butoxide (1.0 g),
propylene oxide (136 g, 2.34 moles) and 2~ethylhexyl
glycidyl ether (obtained from Aldrich Chemical Company,
167 g, 0.9 moles) were reacted according to the procedure
of Example 12. The final product was also purified by
aqueous extraction as described in Example 1. The
estimated molecular weight (average formula weight) of
the product was approximately 1800, at approximately 14
units of propylene oxide adduct and 5 units of 2-
ethylhexyl glycidyl ether adduct.
Example 14 _

A mixture of N-{2-hydroxyethyl)~-pyrrolidinone
(21.9 g, 0.17 moles), potassium t-butoxide (1.0 g) and
2-ethylhexyl glycidyl ether (234 g, 1.53 moles) was
reacted according to the procedure of Example 12. The
final product was purified by aqueous extraction as
described in Example 1 to obtain a product having an
estimated molecular weight (average formula weight) of
approximately 1800, at approximately 9 units of
2-ethylhexyl glycidyl ether adduct.
Example 15

A mixture of N-(2-hydroxyethyl)-pyrrolidinone
(21.9 g, 0.17 moles), potassium t-butoxide (1.0 g),
butylene oxide (142 g, 1.97 moles) and 2-ethylhexyl
glycidyl ether (142 g, 0.765 moles) were reacted
according to the procedure of Example 12. The product

he replacement shest
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This is the replacenent sheet Date: 2 1 AUG 1996 Substitute sheet -
“19 August 1996 - 47 - TABLE 6 (cont'd) Conpound Chem cal

Structure Aver age Exanpl e Description o _
Deposit 13 [err] gult))s'tiiUte she®-1d Augusthignd s the
repl acenent sheet Date: 2 1 AUG 1996 ubstitute sheet - 19 August 1996

- 48 - TABLE 6 (cont'd) - 38 -

was purified by aqueous extraction as described in
Example 1 to obtain a product having an estimated
molecular weight (average formula weight) of
approximately 1800, at approximately 12 units of butylene
oxide adduct and 5 units of 2-ethylhexyl glycidyl ether
adduct.

Example 16

A mixture of N-(2-hydroxyethyl)-pyrrolidinone
(23.2 g, 0.18 moles), potassium t-butoxide (1.0 g) and
isopropyl glycidyl ether (obtained from Aldrich Chemical
Company, 301 g, 2.58 moles) was reacted according to the
procedure of Example 12. The product was purified by
aqueous extraction as described in Example 1 to obtain a
product having an estimated molecular weight (average
formula weight) of approximately 1800, at approximately
14 units of isopropyl glycidyl ether adduct.

Example 17 '

600 g (0.375 moles) of the product of Example 1 was
placed in a one litre, 3-necked round-bottomed flask
equipped with a mechanical stirrer, temperature
controller, Dean-stark trap and water condenser. Under
nitrogen atmosphere, 2-ethylhexanoic acid (54 g, B
0.375 moles) was added. While stirring under nitrogen
flow, the mixture was heated to from about 130°C to about
180°C for over 10 hours. Some light boiling materials
(13 ml) were removed through the trap. The resulting
material (direct esterification product), having an
estimated molecular weight (average formula weight) of
approximately 1750, was further purified by extraction
with water and evaporated in a rotary evaporator under
8 °C, 10 mm Hg vacuum (1.33 x 103 Pa). GPC analysis
indicated a similar weight average molecular weight and
distribution to the compound of Example 1 but with a
slightly broader polydispersity (1.12 vs. 1.09).

This is the replacement sheet



Conmpound Chem cal Structure Aver age Exanpl e
*Description _ Deposit 15 [err]
12.6 [err] * Indicates that a different Honda generator engine was used as

conpared to those test runs w thout an astgf,j i L1 )vialGhust 1996
abbrevi ations were used throughout Table 65ub§§ﬂﬁ§@$e@? gy

n- (2- hydroxyet hyl ) -pyrrolidi none BO .=3@Butyl ene oxide EO = ethyl ene
oxi de PO = propyl ene oxide EHGE = et hyl hexyl glycidyl ether A E =
gl yci dyl isgﬁggggEL%gger This is the replacenent sheet Date: 2 1 AUG 1996

Substitute s ee%ﬁé préﬁgﬁﬁge:g¥ﬂkxample 1 was repeated with the
exception that 300g (4.16 moles) of 1,2-epoxybutane was
utilized to obtain a product having an estimated
molecular weight (average formula weight) of 1800, at
approximately 24 units of 1,2-epoxybutane adduct.

Test Results

In each of the following tests, the base fuel
utilized comprised either premium unleaded gasoline (PU)
(90+ octane, (R+M/2]) (R = research é6ctane number; M =
motor octane number) and/or regular unleaded gasoline
(RU) (85-88 octane, [R+M/2]). Those skilled in the art
will recognize that fuels containing heavy catalytically
cracked stocks, such as most regqular fuels, are typically
more difficult to additize in order to control deposits
and effectuate octane requirement reduction and octane
requirement increase control. The cyclic amide
alkoxylate compounds utilized were prepared as indicated
by Example number and were used at the concentration
indicated in ppm by weight. The tests employed are
described below and the results of the various tests are
set forth in the tables below. g
Intake Valve Deposit Tests :

Engines from vehicles were installed in dynamometer
cells in such a way as to simulate road operation using a
cycle of idle, low speed and high speed components while
carefully controlling specific operating parameters.
Fuels with and without the compounds of Formula I were
tested in a variety of engines having port fuel injection
including, 2.3 L Ford, 2.3 L Oldsmobile (Olds), 3.1 L
Chevrolet (Chev) and 2.7 L BMW engines to determine the
effectiveness of the instant compounds in reducing intake
valve deposits ("L" refers to litre). 0.359 L Honda
generator engines equipped with carburettors were also
utilized to determine the effectiveness of the instant

This is the replacement sheet
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- 49 - Method For Cctane Requirenent Reduction and COctane Requirenent
“I ncrease Control The purpose of octane requirenent tests in engine
dynanmoneter cells is to provide a nethod of determining the effect of

various gasoline conponents and additives ufatitiie Sdainer s Fubustmags of
t he engi ne. Measurenent of the effect of the Induction system and

conbusti on chanber deposits on octane- edui+enent may al so be perforned.
Engi nes fromvehicles are installed in dynanometer cells in such a way as
to sinul at e compPwnds ain oreduting ainyake valvell deposikspeed and hi gh speed

conponent s whi | ea&@ded Wddoh s ¢ O'éhé‘geﬁﬁf&éfw&s Oped il el PaER@EL ers.  Two

types of octane requli renent test are conduct ed; octane requl renent I ncr ease

control and M%@?‘Eqiﬂ$%rﬁ°‘?m¥%nwe@n?$?%?¢O?P%fn%‘ﬁei:‘i‘??]éedep05| ts
to octane regul ve$eNér&bye Bdlsed kendleigstanbed. PrTig 411 twss i cigangédh engi ne

's Inspected, and 5311 SaddHEL OFs PYSEEM GASRUES: add' $5a Rk SpElgEHed for

were installed.

In all engines except the Honda, the tests were run
in cycles consisting of idle, 35 mph (56 kph) and 65 mph
(104 kph) for a period of 100 hours unless indicated
otherwise. In the Honda engines, the tests were run in
cycles consisting of a no load idle mode for one minute
followed by a three minute mode with a load at 2200 rpm
for a period of 40 hours unless indicated otherwise. At
the end of each test, the intake valves were removed and

weighed.
TABLE 2

Intake Valve Deposits in Honda Generator Engines
Compound Conc. ppm Average Deposit
Example # Fuel by Weight Weight, mg

1 PU 200 10.5"

- PU 0 25.1*

1 PU 200 16, 10

2 PU 200 5

3 PU 200 17

7 PU 200 23

9 PU 200 12

- PU 0 39

6 PU 200 27

- PU 0 83, 79
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excessive wear and a new oil filter, fuel
plugs are installed. Cctane requirenent is nmeasured initially with the
cl ean engi ne, then at specific intervals,

establ i shed. Test stand engi nes reach an ocg
hours, or 9500 mles (15,200 km equival ent
stabilization, the engine is disassenbtetll <€l eaned,

oct ane requirenent neasured again.

requirenent is referred to as "check back”

filter,

I nt ake val ves and spark

until a stable requirenent is

L

Bhiéza bonugastabggs 250
ours per week). Af
reassenbl ed and the

ter

Thi s second cl ean engi ne oct ane

initial requirement. The check bagigetan

reference, as [t _acconmpdates en
test. A check =

e, can

fanincHe

eSS Llldal

since it checks back to the
Ecdifiiay ement is the test

occur _t hroughout the
ge; GeRerator;

romthe

initial requCorpeahdi ndi cates a pr otcl;am:;vigﬂmt hcmfasdge Thepddits is the

repl acenent Eﬁgﬁilgﬁhe: 2 EluéAPG 1%%? Weight

Weight, mg
1 _ RU 200 39
1 RU - 300 34
2 " RU 200 34
- . RU 0 98

* Indicates an average of five tests in three different
Honda generator engines.

Results of these tests demonstrate that the compounds .
of the present invention are very useful in significantly
preventing the accumulation of deposits on the intake
valves in the generator engines tested as compared to the
effects of the base fuel (indicated by no compound
example # and 0 ppm by weight) as shown by the much lower
average valve deposits. '
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Substitute sheet - 19 August 1996 - 50 - difference between the check back
“octane requirement and the stable octane requirement is the octane

requi renent increase achieved during the test. The entire process is
repeated using the test gasoline. An octangupgfitliteayruet -1 ¥ @ugest 996 hed
by the test gasoline I ess than the base gasoline represents octane

requi renment increase control favorable #2 the test gasoline. Cctane

requi renent reduction is a perfornmance feature that denonstrates a
reduction fromthe established octan&ABId i3 ement of a base gasoline in a

gi ven engine. The teihtaﬁedvaﬂ&eSEQ 6smt§h1ﬁ 92228u8N8h QneIhe test

protocol requires gmen Equl T EIE an_engi ne
fuel | ed mntggﬂﬁﬁﬁggfgasollne whi ch gen- : i & gasol i ne
W t hout addiExiamps.eordt sBmjizle trmj.rrentbyl-ma&qht theWbéghtg amgl i ne may
contain additivyes f9[8a1§Q§&$;|%mponparlsoa After 232*

1 " PU 200 212

1 " PU 400 55

- 2.3 L0Olds PU 0 174

1 " PU 200 56

1 ” PU 300 67

- 3.1 L Chev PU 0 72

1 L PU 200 , 38, 69

S . PU 200 33

- 2.7 LBMW PU 0 138"

1 » PU 200 86

4 " PU 200 123

5 " PU : 200 115

- 2.3 L Ford PU o 242

1 " PU 200 59

2 " PU 200 , 122

9 " PU 200 50

L]

Indicates that base fuel having a different blend but
the same octane was utilized.

The results given in Table 3 demonstrate that the
compounds of the present invention were very useful in
significantly preventing the accumulation of deposits on
the intake valves in those tests as compared to the
effects of the base fuel (indicated by no compound
example # and 0 ppm by weight), as shown by the lower
average valve deposits.

This is the replacement sheet
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reaching a stable octane requirenent with the base gasoline, the engine is
“operated on test gasoline until the octane requirenent again stabilizes.
Rating intervals for test stands are typically twenty-four hours. Test

stand engi nes may be used to conduct sever a|pegtiReShettiUiTEARGUst 499G i on
tests in sequence with the engine being restabilized on base gasoline

bet ween each test. A stable reductios @8 ectane requirenent fromthat of

t he base gasoline represents octane requirenent reduction favourable to the
test gasoline. This is the repl aceneriABlRet Date: 2 1 AUG 1996

Substitute sheet - 19 ¥396a- =4 NE 1 REQUI REMENT
| NCREASE CONTROL TEST! _Q_ e Daposif ¥ebes §§I& 2580 ppm by wei ght
of . Additional Detergents and Carrier Fluids

Additional intake valve deposit tests (as defined
hereinbefore) were conducted in the 2.7 L BMW utilizing
compound as prepared in Example 1 and additional
components (detergents or carrier fluids) in regular
unleaded gasoline.

Conc. ppm Conc. ppm Average Deposit
by Weight of by Weight of : Weight, mg
Example 1 Additional Component

-—Q-- -=0-- | 185

200 S0 ppm OGA-4801 219

200 50 ppm PIB-DAP2 233

125 125 ppm PIB-DAP2 32

150 300 ppm PIB3 115

150 300 ppm PAO4 189

200 250 ppm PPO3 199

125 125 ppm MAS 5

1 moGa-480" -a hydrocarbylpoly (oxyalkylene)
aminocarbamate, Mn = 1400-1800 (Mh represents number
- average molecular weight) available commercially from

Oronite Additives Division of Chevron Chemical Company.

2 pIB-DAP - N-polyisobutenyl-N',N'-dimethyl-1, 3~

diaminopropane, Mn = 1050.

3 PIB - polyisobutylene, Mn = 750.

4 PAO - a polyalphaolefin, being a hydrogenated oligomer

of decene-1, having a viscosity at 100°C of 8 x 106 m2/s

(8 cst).

5 PPO - Polypropylene oxide, Mn = 1600.

6 MA - an alkyl substituted Mannich amine also known as

"Amoco 595", commercially available from Ethyl Additives.
Results of these tests demonstrate that compounds of

the present invention, when combined with carrier fluids

This is the replacement sheet
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Exanpl e 1. Test Engine Fuel Base
“Test Fuel QOctane Requirenent* 1989 3.8 L Bui
RU 1 1990 3.1 L Chev PU

For d PU 3 1988 2.3 L Ads

I ndi cat e good octane control perfornmance.
t he conpound of Exanple 1 possesses t Te 44bi

%%?Bstﬁufe sheet -219

Fuel
ck

Oct ane Requi renent M nus
PU 5 U

3 RU 11987 2.3 L
Pardudtveogeinber s
e overall results 1ndicate that
ity to control octane

requi renent incr es re]ative to base fuel
N R 2 égkﬁbna éetergents are useful in preventi

accumulation of deposits on intake valves.

Dat e: 21

This is the r%géagﬁgent sheet

TABLE 5
Intake Valve Deposit Tests Utilizing
Additional Detergents and Carrier Fluids

Additional intake valve deposit tests (as defined
hereinbefore) were conducted in the 0.359 L Honda
generator engine utilizing compounds as prepared in
Example 1 and additional components (detergents or
carrier fluids) in regular unleaded gasoline.

Conc. ppm Conc. ppm Average Deposit
by weight of by weight of Weight, mg
Example 1 Additional Component .

125 —-=Q=-- 49.0

125 125 ppm PIB-DAPL 0.4

125 125 ppm MPDC2 29.3

125 300 ppm EN-9003 29.4

1 PIB-DAP - N-polyiscbutenyl-N',6N'-dimethyl-1,3-

diaminopropane, Mn = 1050.

2 MPDC - Methyl PIB-DAP Carbamate, Mn = 1100.
3 EN-900 - Exxon Naphthenic 900 sus mineral oil.

Results of these tests further demonstrate that the
compounds of the present invention, when combined with
- carrier fluids or co-detergents are useful in preventing
the accumulation of deposits on intake wvalves.

This is the replacement shest
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Substitute sheet - 19 August 1996 - 52 - TABLE 8 OCTANE REQUI REMENT
~REDUCTI ON TESTING Al tests were conducted using 200 ppm by wei ght of the

conpound i ndi cat ed. Conpound Test Engi ne Fuel Base Fuel Cctane
Exanpl e # Requi §EgEMy Ta® Aligabt 908N
Requi rement * 1 1089 3.8 L Buick PU S0 té/lswét 408t 1990 3.1 L
Chev PU 4 1 - 45 - PU plus 3 Deposit
Control Package** 1 - " RU 21 1987
2.3 L Ford PU 31 1988 2.3 L A ds PU 39
1990 3.1 L Chev PU 3 TABLE 6

Honda Generator Engine Test Results Using
Various Alkylene Oxide Adducts of HEP

Additional intake valve deposit tests (as defined
hereinbefore) were conducted in 0.359 L Honda generator
engines using premium unleaded gasoline together with a
variety of alkylene oxide adducts of N-(2-hydroxyethyl)-
pyrrolidinone (HEP). The various dérivatives constitute
variations of the polyether backbone in one of three
ways:

a) mixtures of ethylene oxide (EO) /butylene oxide (BO)

b) mixtures of propylene oxide (PQ) /other alkylene
oxides

c) other pure alkylene oxides. .

For purposes of clarity the hydrogens have been
eliminated from the ring structures of Table 6. All
compounds have an estimated molecular weight of
approximately 1800 and were used at 200 ppm by weight
concentrations.

This is the replacement sheet
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*Positive nunbers indicate good octane requirenent reduction perfornmance.
**The base fuel contains an additive package conprising a PIB am ne and a
synthetic carrier for conparative purposes. The results indicate that the
conpound of Exanple 1 possesses the abilit)g ftit§; %égqtp@qxdgngifmnt

rel ative to base fuel. The engine test utilizing anple 9 al so shows
octane requirenent reduction. BMVN ROABG T4&TS - | NTAKE VALVE DEPCSI TS 10, 000
mle (16,000 km and 5,000 mle (8,000 km) tests to deternm ne intake val ve
deposits were conducted in 1985 BMV 3T8BLEaes having in-line, four
cylinder, 4-s e —Wat-e- - 600 d-gasoline Hhe ha DG S~ GH-E
over head canshaft, two val ves per cylinder and a displacenent of 1.8
litres. The Gﬁ&Pﬁ%dwerghSBF-FaEuel Thi §tryctyEer epl acenenfVeRBEL Dat e:

2 1 AUG 1996gxample Description Deposit
18+ HEP (BO) o 4H | 12.2
b e [ o™ |
NI T
c—C ' 24
10% HEP (EO) 3 (BO) 20H 13.9
i [

/ TR TR U |

<> M VL

11 HEP (EO) 7(BO) 178 14.9
E N -cti,\cm

/ = | g Lemel

<> Y,

12 HEP (PO) 29H 18.7
RN H{*B/L
c\c—c | ° °_J29
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Substitute sheet - 19 August 1996 - 53 - injected equipped wth Bosch port
Fuyel-injectors and L-Jetronic fuel nmanagement systems. All cars used were
equi pped with overdrive automatic transm ssions. Before the test started,
al | conbustion chanber deposits were renoveq f.t:am.t no4 ,;@?&, o ake
mani fol d and piston tops. New i ntake val ve?a\?gﬁlgur@\?e%egd L%S’I\i nstaH%%. The
oil and filters were changed, new spark gyugs were installed and the fuel
injectors flow checked. M| eage was accunul ated on public roads using
trained drivers. The test route craBLBt&d(edntabdut 10%city driving (varied
speeds with stop-and-go idling) 20%on secondary roads (nnderate speeds
w th infrequent stops) and 70% hi ghway driving (maxi num speed of 65 nph).
The primary €ompounda | €hemdcadt ake vabisudspsei ts wei ght sAaenase end of a
10,000 mile £4GmBR@ kM pe8eLipBWMhs pass criteria are as f@dgagic an

! +

average deposit weight of 100 mlligrans/valve or less at thée concl usion

13 HEP (PO) 1 4 (EHGE) gH 26.5
CH, )3
—CH, —CHj
O SURNEERTI 48
¢—=< 14 L3
18 HEP (BO) 24K 7.9
. ;|
b e |, o™ ]
o e
| O Jas
14 HEP (EHGE) oH 18.1
| CH, )3
—CH; :
@ %
c\/ —cnz—cxz-o-{{ul -o%—n
¢ 9
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of the 10,000 mle (16,000 km test neets BMNrequire- nents for unlimted
) eage acceptance; an average deposit weight of 250 ng/val ve or |ess at
the conclusion of the test nmeets BMWs requirenent for 50,000 mle (80,000
km) service. This is the replacenent sheet 4t A4Yg AQ8hst 1995
Substittute sheet - 19 August 1996 - 54 - [gﬁ{r)fmu{e§ﬁgstitute ?heet -

August 1996 T 2631 SINCL Al MS 1. A jgel conposition conprising a
m xture of a nmjor

TABLE 6 (cont'd)

Compound Chemical Structure Average
Example Description Deposit
15 HEP (BO) 11 (EHGE) gH ' 12.6
CH, )3
—CH3
/ g E ...
11 _ 5
16 HEP (GIE) 1 4H 22.6
CH; N CH;

c\/@ycsz-_cnz\o " /}a

c—C ° 14

* Indicates that a different Honda generator engine was
used as compared to those test runs without an asterisk.

The following abbreviations were used throughout

Table 6:

HEP = n-(2-hydroxyethyl)-pyrrolidinone
BO = butylene oxide

EO = ethylene oxide

PO = propylene oxide
EHGE ethylhexyl glycidyl ether
GIE = glycidyl isopropyl ether

This is the replacement sheet
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anount of hydrocarbons in the gasoline boiling range and a m nor anount of
an additive conpound having the general fornmula I.: [err] wherein x is from
2 to 20; yis from1l to 50; [err] are independently hydrogen or optionally

substituted hydrocarbyl of 1 to 100 carbon ons; . . IS iﬂﬂﬂ‘ Y-
substituted hydrocarbyl of 1 to 100 carbon %tb&ﬁg?teséa’cer?%Rﬁs 1 §p1e9n%|5en'tly
optionally substituted hydrocarbyl of 2 4% <100 carbon atons; [err] is

hydr ogen, or o-tlonally substltuted hydrocarbyl of 1 to 100 carbon atons or
acyl : fl_© | Q¢ ® the additive

conmpound is ﬁé%%fﬁéﬁEQQOIngreaggf@@ﬁtfgﬂDOSItIOn accordlng to claim1l
wherein R4 i wherein each of [err] is
i ndependent | y hyttBgR#RPSS R cﬁﬁﬁ?@esﬂﬁg?iF%E%% ChyRF R ot ByeNGing to 18
carbon at onsdypamomdtertbellatis costposeigé denéthod dfddevermining

the effect of various gasoline components and additives
upon the octane requirement of the engine. Measurement

of the effect of the induction system and combustion
chamber deposits on octane requirement may also be
performed.

Engines from vehicles are installed in dynamocmeter
cells in such a way as to simulate road operation using a
cycle of idle, low speed and high speed components while
carefully controlling specific operating parameters. Two
types of octane requirement test are conducted: octane
requirement increase control and octane requirement
reduction. Contribution of specific deposits to octane
requirement may also be determined. .

Prior to testing, each engine is inspected and has
its induction system cleaned. Parts are checked for
excessive wear and a new oil filter, fuel filter, intake
valves and spark plugs are installed.

Octane requirement is measured initially with the -
clean engine, then at specific intervals, until a stable
requirement is established. Test stand engines reach an
octane stabilization in about 250 hours, or 9500 miles
(15,200 km) equivalent (168 hours per week) . After
stabilization, the engine is disassembled, cleaned,
reassembled and the octane requirement measured again.
This second clean engine octane requirement is referred
to as "check back” since it checks back to the initial
requirement. The check back octane requirement is the
test reference, as it accommodates engine changes that
occur throughout the test. A check back octane
requirement significantly different from the initial
requirement indicates a problem with the test. The

This is the replacement sheet
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3. A fuel conposition according to claim1 or 2 wherein the average fornul a
‘wei ght of the additive conpound is in the range from 800 to 4000. This is
t he repl-acenment sheet Date: 2 1 AUG 1996 Substitute sheet - 19 August

1996 - 56 - 4. A fuel conposition accordi rg,ds@it@dystdtt -0f 9 Aaguer 1996 3
wherein x is from3 to 11. 5. A fuel conposition according to any one of

clains 1 to 4 whereiny is from8 to 40506.- A fuel conposition according
to any one of clainms 1 to 5 wherein R3 is hydrocarbyl of 1 to 20 carbon
atoms. 7. Adittérenmmmbétﬁesneﬂhnwchegktbaahyochenefretuinementoaﬁdmherein

)éalr Eo];]rg[noﬁs&?%“;g% ocar%r}[d&@ﬁg&ggﬁ% car on a E£ngy€é§ﬁ?{&£nef Lres
increase achieved durlng the test. '
The entire process is repeated using the test
gasoline. An octane requirement level established by the - -
test gasoline less than the base gasoline represents
octane requirement increase control favorable to the test
gasoline. '
Octane requirement reduction is a performance feature
that demonstrates a reduction from the established octane
requirement of a base gasoline in a given engine. The
test need not start with a clean engine. The test
protocol requires measurement of the octane requirement
of an engine fuelled with a base gasoline which generally
consists of the test gasoline without additives or
special treatment. However, the base gasoline may
contain additives for a specific comparison. After
reaching a stable octane requirement with the base
gasoline, the engine is operated on test gasoline until
the octane requirement again stabilizes. Rating
intervals for test stands are typically twenty-four
hours. Test stand engines may be used to conduct several
octane requirement reduction tests in sequence with the
enginé being restabilized on base gasoline between each
test. A stable reduction of octane requirement from that
of the base gasoline represents octane requirement
reduction favourable to the test gasoline.
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hydrogen each R6 is independently hydrogen, alkyl of 1 to 18 carbon atons
"ot oxy-substituted hydrocarbyl of 1 to 18 carbon atons; and [err] are both
hydrogen. 8. A fuel conposition according to cI ai m 7 wherei n when one or
nore noieties R6 are oxy-substituted hydrocg %aéﬁi ne1gradiist 1996t i es
are independently selected from al koxy- substl tut ylene of"1 to 18
carbon atons or aryl oxy-substituted akkgllere of 1 to 18 carbon atons. 9. A
fuel conposition according to claim7 or 8 wherein when one or nore

nmoi eti es R6 are an oxy-substituted hy@pBI#Erbyl, said one or nore noieties

are independently sel gergfEf ﬁﬁﬁbg%%ﬁ?x!h@ﬁ%ﬂgﬁ”@bﬂgk@geﬂ@??ﬁéomxy'
nmet hyl ene, but oxyneth | ene. 10.
A fuel:- conposi tlhﬁ‘r“' é‘&ﬁﬁsdl"ﬁfet Sondu Wsifidn 3RO prm) by wedahty Qf- is 3to

5; [err] i sEwxashipdearthy!l of two to four carbon atons; each R6 is

i ndependent Qgen, or hydr ogar byl c¢ n’grl in I}é | of 1 to 2 carbon
atons; [err are both rog g REBE A fuel

conposi tion according to any one of cl aMmau& Test Fuel Octane

Requirement*

1989 3.8 L Buick PU 5

" RU 1
1990 3.1 L Chev PU 3
. " : RU 1
1987 2.3 L Ford PU 3
1988 2.3 L Olds PU 2
*Positive numbers indicate good octane control
performance.

The overall results indicate that the compound of
Example 1 possesses the ability to control octane
requirement increases relative to base fuel.
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to 10 wherein [err] are each hydrogen. 12. A fuel conposition according to
~any one of clains 1 to 11 wherein the additive conpound is present in an
anount from 50 ppm by weight to 400 ppm by wei ght based on the total weight
of the fuel conposition. This is the repla - Rajs: ust Fa8s 1996
Substitute sheet - 19 August 1996 - 57 - lgﬁﬂﬁﬁﬁﬁé$gﬁ%ﬂﬁol?g¥g% accordi ng
to any one of clains 1 to 12 which addis2 enally contains a m nor anmount of
at | east one additional additive conmpound selected fromthe group

consi sting of polyal kenyl am nes, ManPABEE a®i nes, pol yal kenyl succi ni mi des,

pol y(oxyal kyl ene) car baggiraye RRAUIREMENTK REYULTYoON BEistimeed car bamat es.

14. . A net hod of operat T controlling
octane require 1 tRst3 Herp Ffducted using 200 ppm by weight of

the compound indicated.
Compound Test Engine Fuel Base Fuel Octane

Example # Requirement Minus
Test Fuel Octane
_ Requirement*
1 1989 3.8 L Buick PU 2
1 1990 3.1 L Chev PU 4
1 " PU plus 3
Deposit
Control
Package**
1 " RU 2
1 1987 2.3 L Ford PU 3
1 1988 2.3 L O0lds PU 3

9 1990 3.1 L Chev PU 3
*Positive numbers indicate good octane requirement
reduction performance.
**The base fuel contains an additive package comprising a
PIB amine and a synthetic carrier for comparative
purposes.

The results indicate that the compound of Example 1
possesses the ability to reduce octane requirement
relative to base fuel. The engine test utilizing
Example 9 also shows octane requirement reduction.

BMW ROAD TESTS - INTAKE VALVE DEPOSITS

10,000 mile (16,000 km) and 5,000 mile (8,000 km)
tests to determine intake valve deposits were conducted
in 1985 BMW 318i cars having in-line, four cylinder,
4-stroke, water cooled gasoline engines that have a
single overhead camshaft, two valves per cylinder and a
displacement of 1.8 litres. The engines were port fuel

This is the replacement sheet
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reduci ng octane requirenent and/or reducing intake valve deposits, which
conprises burning in said engine a fuel conposition according to any one of
clainms 1 to 13. 15. An additive concentrate suitable for addition to.

gasol i ne whi ch conprises a gasoline-conpati ol UG o ¢2N 'ﬁ?FRpP?gG
formula | as defined in any one of clains Ia'[b%n?‘i%e ANd topfl onally al so at

| east one additional additive conpoung &3 defined in claim13. 16. A
conmpound of fornmula | as defined in any one of clains 1 to 11 wherein R3 or

at | east ondriectigctequipnes iwitdl IBoschh portut fuelyinipectdys addat | east
four carbon il fd@ronlilc fhad @y@ﬁ@ﬁ‘r atAP) Sdrd &Qé‘&?%'é‘f’em

n
formula | as defined In clal whi ¢ nprises reacting a conpound of

gener al f or RASLBRE] Sigh \ﬂﬁﬁ%ﬁ?@?@ aUtQW#F§§u¥F§H§W&§§#ERFrn claim1 and P
i s hydrogen or Befione tie fragtiistaredH aVhatsibudtion dramisdt ned in claim

Lwth al ! GeHods WEH TEIda AR e "Ml NOMd, enOREDT N0 | caves a
manifold and piston tops. New intake valves were weighed
and installed. The oil and filters were changed, new
spark plugs were installed and the fuel injectors flow
checked. Mileage was accumulated on public roads using
trained drivers. The test route consisted of about 10%
city driving (varied speeds with stop-and-go idling), 20%
on secondary roads (moderate speeds with infrequent
stops) and 70% highway driving (maximum speed of 65 mph).

The primary test data is the intake valve deposits
weights at the end of a 10,000 mile (16,000 km) test.
BMW's pass criteria are as follows: an average deposit
weight of 100 milligrams/valve or less at the conclusion
of the 10,000 mile (16,000 km) test meets BMW require-
ments for unlimited mileage acceptance; an average
deposit weight of 250 mg/valve or less at the conclusion
of the test meets BMW's requirement for 50,000 mile
(80,000 km) service.
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is reacted

of cyclic ether conpound which | eaves a noiety -R3-0-
optionally followed

up§tA i pYe6t

to forma conpound of

tﬁg 6$heet:S
S hydrogen,

Sh

t he conpound of fornula Xl
2 1

of conpound of fornmula X,
wher &i%n -R5

provi ded that when P is hydrogen,
| east one nol
upon ring opening per nol
This is the replacenent sheet Date:
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CLAIMS

1. A fuel composition comprising a mixture of a major
amount of hydrocarbons in the gasoline boiling range and
a minor amount of an additive compound having the general
formula I:

A {R,. o]—-—& 23
b 4

wherein x is from 2 to 20; y is from 1 to 50; R; and R
are independently hydrogen or optionally substituted
hydrocarbyl of 1 to 100 carbon atoms; R3 is optionally
substituted hydrocarbyl of 1 to 100 carbon atoms; each Ry
is independently optionally substituted hydrocarbyl of 2
to 100 carbon atoms; Rg is hydrogen, or optionally
substituted hydrocarbyl of 1 to 100 carbon atoms or acyl
of 1 to 20 carbon atoms and the average formula weight of
the additive compound is at least 600. |

2. A fuel composition according to claim 1 wherein R4 is
hydrocarbyl of the formula:

Rg
!
-CH--C~
! l
R7 Rg

wherein each of Rg, R7 and Rg is independently hydrogen
or optionally substituted hydrocarbyl of 1 to 18 carbon
atoms, provided that at least one of R7 and Rg is
hydrogen.

3. A fuel composition according to claim 1 or 2 wherein
the average formula weight of the additive compound is in
the range from 800 to 4000.

t
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4. A fuel composition according to &hy one of claims 1
to 3 wherein x is from 3 to 11. _

5. A fuel composition according to any one of claims 1
to 4 wherein y is from 8 to 40. :

6. A fuel composition according to any one of claims 1
to S wherein R3 is hydrocarbyl of 1 to 20 carbon atoms.
7. A fuel composition according to any one of claims 1
to 6 wherein x is from 3 to 5, R} and Ry are
independently hydrogen or hydrocarbyl of 1 to 8 carbon
atoms; Rj3 is hydrocarbyl of 2 to 4 carbon atoms; Rg is
hydrogen; each Rg is independently hydrogen, alkyl of 1

- to 18 carbon atoms or oxy-substituted hydrocarbyl of 1 to
18 carbon atoms; and R7 and Rg are both hydrogen.

8. A fuel composition according to claim 7 wherein when
one or more moieties Rg are oxy-substituted hydrocarbyl
said one or more moieties are independently selected from
alkoxy-substituted alkylene of 1 to 18 carbon atoms or
aryloxy-substituted alkylene of 1 to 18 carbon atoms.

9. A fuel composition according to claim 7 or 8 wherein
when one or more moieties Rg are an oxy-substituted
hydrocarbyl, said one or more moieties are independently
selected from ethylhexyleneoxymethylene, isopropoxy- _
methylene, butoxymethylene, nonylphenoxymethylene and
phenoxymethylene.

10. A fuel composition according to any one of claims 1
to 7 wherein x. is 3 to 5; R3 is hydrocarbyl of two to
four carbon atoms; each Rg is independently hydrogen or
hydrocarbyl comprising alkyl of 1 to 2 carbon atoms; Ry
and Rg are both hydrogen; and Rg is hydrogen.

11. A fuel composition according to any one of claims 1
to 10 wherein R; and Ry are each hydrogen.

© 12. A fuel composition according to any one of claims 1
to 11 wherein the additive oompound is present in an
amount from S0 ppm by weight to 400 ppm by weight based
on the total weight of the fuel composition.
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13. A fuel compdsition according to iy one of claims 1
to 12 which additionally contains a minor amount of at
least one additional additive compound selected from the
group consisting of polyalkenyl amines, Mannich amines,
polyalkenyl succinimides, poly(oxyalkylene)carbamates,
and poly(alkenyl)-N-substituted carbamates.

14. A method of operating an internal combustion engine
and controlling octane requirement increase and/or
reducing octane requirement and/or reducing intake valve
deposits, which comprises burning in said engine a fuel
compoéition according to any one of claims 1 to 13.

15. An additive concentrate suitable for addition to
gasoline which comprises a gasoline-compatible diluent
and a compound of formula I as defined in any one of
claims 1 to 11, and optionally also at least one
additional additive compound as defined in claim 13.
16. A compound of formula I as defined in any one of
claims 1 to 11 wherein R3j or at least one R4 moiety is
optionally substituted hydrocarbyl of at least four
carbon atoms.

17. A process for the preparation of a éompound of
formula I as defined in claim 16 which comprises reacting
a compound o§ general formula XI

g

(R,'n,ch/ “—p (XI)
) S

wherein x, R; and Ry are as defined in claim 1 and P is
hydrogen or a group of formula -R3-OH, wherein R3 is as
defined in claim 1 with at least one cyclic ether
compound which upon ring opening leaves a moiety -R4-0O-,
provided that when P is hydrogen, the compound of formula
© XI is reacted with at least one mol of cyclic ether
compound which leaves a moiety -R3~0O- upon ring opening
per mol of compound of formula XI, to form a compound of
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formula I wherein Rs is hydrogen, optitnally followed by
etherification 61&' esterification to form a compound of
formula I wherein Rs is optionally substituted
hydrocarbyl of 1 to 100 carbon atoms or acyl of 1 to

20 carbon atoms. '
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ABSTRACT

FUEL COMPOSITIONS.

The invention provides fuel compositions comprising a .
mixture of a major amount of hydrocarbons in the gasoline
boiling range and a minor amount of an additive compound '
having the general formula I:

i

(R R C)  N-—-Rg==-0 {R‘ c] B, (D)

N’ :
: Y

wherein x is from 2 to 20; y is from 1 to 50; R; and Ry
are independently hydrogen or optionally substituted
hydrocarbyl of 1 to 100 carbon atoms; R3j is optionally
substituted hydrocarbyl of 1 to 100 carbon atoms; each Ry
is independently optionally substituted hydrocarbyl of 2
to 100 carbon atoms; Rg is hydrogen, or optionally
substituted hydrocarbyl of 1 to 100 carbon atoms or acyl
~of 1 to 20 carbon atoms and the average formula weight of
the additive compound is at least 600; the operation of
an internal combustion engine using such compositions
with control of octane requirement increase and/or
reduction of octane requirement and/or reduction of
intake valve deposits; fuel additive concentrates;

certain compounds of formula I per se and their
preparation.
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