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This invention relates to an improved gasoline compo 
sition for spark ignition internal combustion engines, 
more particularly to a gasoline composition with improved 
knock resistance. 
Knock in spark ignition engines is generally considered 

to be caused by an abnormally rapid combustion of an 
unburned fuel-air mixture in front of the normal ?ame 
front. A severe pressure unbalance due to this rapid 
combustion process sets up shock waves which impinge 
upon the cylinder walls and pistons to produce the charac 
teristic metallic knocking noise. 
The need for high quality fuels, having increased re 

sistance to knock over a wide range of engine operating 
conditions is of paramount signi?cance in current engine 
operation. Careful re?ning and blending of fuel com 
ponents can produce a fuel of sufficiently increased knock 
resistance to satisfy engine requirements under certain 
stressed conditions. The resistance to detonation by such 
fuel is even further augmented by the addition of organo 
metallic antiknock agents such as lower alkyl lead com 
positions, tetraethyllead (TEL), for example, and various 
other organometallic compositions such as methylcyclo 
pentadienyl manganese tricarbonyl. TEL is widely used 
today for the improved antiknock quality which it imparts 
over a broad range of engine operating conditions. The 
use of TEL, however, has limitations, especially that each 
successive increment of TEL added to the fuel produces 
only a fraction of the improvement in antiknock rating 
obtained with the addition of the preceding increment. 
Moreover, certain fuels for spark ignition engines, particu 
larly those containing high amounts of aromatic and/or 
ole?nic components, respond rather poorly to TEL, par 
ticularly at the normal upper limit of about 4.2 grams of 
lead/ gallon of fuel in automotive engines and about 7.4 
grams of lead/ gallon of fuel in aviation engines. 

Resistance to knock is evaluated in terms of octane 
numbers. When the octane number of a motor gasoline 
fuel is raised, there is generally a concomitant decrease in 
the susceptibility of such fuel to further octane number 
improvement by the addition of organ-o-metallic antiknock 
agents. Therefore, it becomes less economical to obtain 
further resistance to knock 'by employing organo-metallic 
antiknock agents in higher concentrations with high octane 
fuels. 

It is an objective of this invention to provide improved 
high octane gasoline fuel compositions containing octane 
improving amounts of antiknock agents. It is also an 
object of this invention to extend the effectiveness of 
certain organo-metallic antiknock additives in high octane 
gasolines. It is a further object of the invention to increase 
the detonation resistance of gasolines containing such 
additives without increasing either the toxicity of the 
fuel composition or its tendency to lay down combustion 
chamber deposits. A still further object of the invention 
is to provide improved gasoline fuel compositions in which 
the effectivenes of certain antiknock additives is increased 
in an economical manner. Other objects will be apparent 
in the description of the invention. 

It is well known in the art that certain organic materials 
such as tertiary 'butyl acetate can be employed as sup-ple 
mentary octane i-mprovers for leaded gasolines. These 
materials cooperate with the antiknock agent to increase 
its effectiveness and are referred to hereafter as “co-anti 
knock” agents. Generally, the co-antiknock agent should 
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distribute along with the antiknock agent in a multicylin 
der engine ‘and be effective over a wide range of co-anti 
knock to antiknock rnole ratios. In addition, a co~anti 
knock agent should preferably have the following physical 
properties: (1) be a water-white liquid, (2) boil in the 
motor fuel distillation range, (3) be miscible in gasoline at 
temperatures from the freezing point to the boiling point, 
(4) be practically insoluble in water, and (5) be no more 
toxic than the hydrocarbons and other additives in the 
mot-or fuel. 

It has been found that when certain oxygenated materi 
als are added in small amounts to high octane motor fuels 
(having Research Octane Ratings of about 105 to about 
125), said fuels containing organometallic antiknock 
agents, such as lower alkyl lead compositions and other 
organo-metallic antiknock agents such as the class of man 
ganese compounds disclosed in US. Patent to Brown et al. 
2,818,417, issued December 31, 1957, that the octane 
number of the fuel composition is unexpectedly raised by 
as much as about 1.6 octane numbers, even though in the 
absence of organo-metallic antiknock agents, substantially 
no octane number bene?t is obtained ‘by the addition of 
these materials to the motor fuel. Moreover, both Re 
search Method octane number (RON), and Motor Method 
octane number (MON) ‘are increased. (By Research 
and Motor Methods for obtaining octane number, refer 
ence is made to ASTM test designations D—90'8-55 and 
D—357—53, respectively.) These oxygenated co~antiknock 
agents exhibit optimum (Jo-antiknock grains over a Wide 
mole ratio range of co-antiknock agents to antiknock 
agent, i.e., mole ratios of 3 to 180* are effective. As dis 
cussed infra in connection with Table III, optimum mole 
ratios of co-antiknock to antiknock exist below which 
co-antiknock bene?ts are negligible and above which small 
er bene?ts or even proknock effects may occur. 
The co-antiknock compounds of this invention are sub 

stituted lower alkyl monocar-boxylic esters which are com 
posed solely of carbon, hydrogen and oxygen. These 
gas0line~soluble compounds can be more readily de?ned 
by the following structural formula: 

0 

Ra (I) 

In this formula R1 can ‘be a primary or secondary alkyl 
or alkenyl radical containing up to 8 carbon atoms, an 
aryl or cycloalkyl radical containing up to 10 carbon 
atoms or an acetoalkenyl radical containing up to 8 carbon 
atoms. R2 and R3 can each be hydrogen vatoms and alkyl 
or alkenyl radicals containing up to 8 carbon atoms. 
X is a whole number from 0 to 1. The formula as 

de?ned above will be referred to hereafter as (I). 
In a preferred embodiment of the invention, R1 is an 

alkenyl radical with the unsaturation at the a carbon 
atom, i.e., when X equals 1 R1 is preferably a vinyl r-adioal. 
When X equals 0 an acrylic ester is de?ned. 

In a particularly preferred embodiment of the invention, 
R1 is a cycloalkyl radical, R2 and R3 are hydrogen 
atoms. For example, cyclohexyl acetate is a preferred 
co-antiknock agent, i.e. 
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It is readily apparent from the data set forth in Table 
II above that the co~antiknock materials of Formula I un 
expectedly increase in co-antiknock activity in higher oc 
tane gasolines, whereas previously known co-antiknock 
agents such ‘as tertiary butyl acetate show a decrease in 
co-antiknock effectiveness in high octane gasoline, i.e. ter 
tiary butyl acetate had a ARON of 1.4 in a base fuel of 102 
RON and a ARON of 1.0 in a base fuel of 110-113 RON. 
The co-antiknock agents of Formula I are not effective 

in all gasoline motor fuels containing organo-metallic 
antiknock compounds. It has been found that in leaded 
gasoline an octane-improving amount of tetraalkyllead 
equal to about 0.1 gram of lead per gallon of fuel must 
be present in order to produce a signi?cant cooperative 
effect. The lead concentration may be as high as about 
18.6 grams of lead per gallon of fuel. It has been found 
that organo-manganese compounds should not be used 
with the co-antik-nock substances of the invention at 
higher concentrations that about 2.0 grams of manganese 
per gallon of fuel, but the co-antiknock compounds are 
highly effective in fuels containing any octane-improving 
amount of organo-manganese less than about 2.0 grams 
of manganese per gallon of fuel. Generally, a minu 
mum octane number improving amount of organo 
manganese is an amount corresponding to about 0.05 
gram of manganese per gallon of fuel. It is preferred 
that the fuel compositions of this invention contain at 
least 0.2 gram of lead per gallon of fuel or from 0.05 to 
1.75 grams of manganese per gallon of fuel. The fuel 
can contain mixtures of the two antiknock materials so 
long as the concentrations of each is within the foregoing 
limits. Further the fuel can contain mixtures of the 
herein de?ned co-antiknock agents, for example, 0.2% v. 
cyclohexyl acetate and 0.4% v. ethyl rnethacrylate added 
to a fuel containing 3.186 grams lead as TEL produces a 
signi?cant cooperative effect. 
When improving the octane rating of fuels, the cost 

per unit octane number increase becomes greater at higher 
octane levels, requiring more extensive refining and con 
version method's. Generally, the effectiveness of the anti 
knock agents decreases with each additional increase in 
antiknock concentration. 
be economical above about 3 to 4 grams of lead per gal 
lon of fuel. It is at this point that the class of co-anti 
knocks as herein de?ned are most effective. For ex 
ample, these co-antiknock agents are effective in produc 
ing signi?cant increases in the octane rating of gasolines 
having RON of from about 105 to about 125, whereas 
conventional processing or doping costs to produce a cor 
responding octane increase is excessive. However, these 
co-antiknock additives are relatively ineffective in the 
90 to 102 octane number range, where conventional 
processing, and the use of antiknock agents and certain 
other C‘O-Hl'l‘ilkIlOCk materials are more economical. 
The oxygenated additive-s of Formula I act as coopera 

tive high level octane improvers, that is they display a co 
antiknock effect only when combined with certain o-rgano 
metallic antiknock agents; in high octane gasolines, in 
fact, the co-antiknock effect is directly related to the type 
and concentration of the particular antiknock agent pres 
ent. When added to a base hydrocarbon fuel which did 
not contain an antiknock agent, the class of compounds 
of Formula I were found to have no antiknock effect. 
Water insolubility is an important physical property of 

‘co-antiknock agents. Generally, commercial gasolines 
contain a small amount of dissolved water (from .005 
to 0.2% by volume). Such water is, of course, derived 
‘from the previous processing of the gasoline and gasoline 
precursors, for example, crude desolvent and steam 
stripping. Thus when commercial gasolines undergo 
cooling and storage or during transportation, the dissolved 
water tends to precipitate out of the fuel. It is therefore 
important that the ‘co-antiknock additive contained in 
gasoline be resistant to such a leaching action by water. 
It is preferred to employ as co-antiknock agents materials 
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6 
which have low solubility in water as well as high solu 
bility in the base fuel. Preferably the solubility of the 
vco-antiknock agent in the base hydrocarbon fuel should 
be at least about 50% by weight while its solubility in 
water at normal storage temperatures should not exceed 
about 5% by weight. Vinyl acetate, ‘for example, is 
nearly insoluble in water and highly soluble in the base 
fuel. 
The co-antiknock materials of the invention are gen 

erally effective in pure hydrocarbons ‘(i.e., less than 1% 
v. contaminants) in the gasoline boiling range, having a 
RON (with 3 cc. TEL/ gal.) from about 105 to about 125, 
such as ethylbenzene and isooctane. Mixtures of pure 
hydrocarbons and/or of conventional gasoline re?ning 
process streams are likewise suitable, provided the IRON 
(3 cc. TEL/ gal.) of the ?nished blend falls within the ap 
proximate 105 to 125 range. Within the limits of the 
afore stated octane level restrictions, catalytic reformate, 
catalytically and thermally cracked gasolines, and motor 
alkylates are suitable to the invention. Especially pre 
ferred as blending components, however, are light avia 
tion alkylates, iso-merizates, high severity reformates, 
reformate extracts, and pure aromatics suh as benzene, 
toluene and xylenes. It is further preferred that the 
?nished gasoline contain appreciable amounts (i.e., 5 to 
10% v. minimum) of each of two or more hydrocarbon 
types. Where there are only two hydrocarbons in a pre 
ferred embodiment of the invention, the hydrocarbon fuel 
is selected from the group consisting of mixtures of paraf 
?ns and ole?ns, mixtures of ole?ns and aromatics, mix 
tures of highly branched para?‘ins. In addition, certain 
oxygenated hydrocarbons such as lower alkyl alcohols 
and certain lower dialkyl ethers can be used in the gaso 
line in concentrations up to 20% by volume. 

Within the foregoing limits of gasoline composition and 
antiknock concentration, the ‘co-antiknock materials of 
the invention are effective in concentrations as low as 
0.1% by volume. However, at least 0.2% by volume is 
preferred since substantial increases in both Motor 
Method and Research Method octane numbers are ob 
tained by using at least this amount. The upper limit be 
yond which no substantial further increase in octane 
number is obtained by either the Research or Motor Meth 
od varies somewhat among the various effective co-anti 
knock agents as well as with the hydrocarbon composition 
and the particular antiknock material used. Preferred 
concentrations are from about 0.2 to about 1.5% by vol 
ume. Though greater amounts may be added, it has been 
found that little additional bene?t is obtained by adding 
more than about 1.5% by volume. Moreover, certain 
compounds of Formula I exhibit proknock effects at con 
centrations above about 2.0% by volume. 

It is to be understood that the order of mixing the vari 
ous constituents of the compositions of the invention is 
immaterial. For example, the co~antiknock compound 
may be added to gasoline which already contains an 
organo-metallic antiknock compound. Likewise, the co 
antiknock and antiknock compounds may be first mixed, 
stored and handled as a concentrate and added to the 
gasoline at a later time. A gasoline additive concentrate 
of this latter type may also contain halogen scavenger 
compounds. In addition to the halogen containing lead 
scavengers, the fuel compositions of the invention can and 
ordinarily will contain other additives, for example, dyes, 
spark plug anti-foulants such as tricresyl phosphate, di 
methyl xylyl phosphate, and diphenyl cresyl phosphate, 
combustion modi?ers such as alkyl boronic acids and 
lower alkyl phosphates and phosphites, oxidation inhibitors 
such as N,N’-ditertiarybutyl~4-methylphenol, metal deacti 
vator such as N,N'-disalicylal-1,2 propanediamine, and 
rust inhibitors such as polymerized linoleic acids and N,C 
di-substituted imidazolines, and the like. Under some cir 
cumstances it may be desirable to mix the halogen scav 
enger and the antiknock compound with the co-antiknock 
compound in the desired relative proportions and handle or 
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store this mixture with or without stabilizers, anti-fouling 
compounds, inhibitors, etc., as a concentrate for incorpo- . 
ration with the other components of the ultimate fuel 
composition. 

In addition to TEL, the co-antiknock agents of Formula 
I are also effective in fuels containing other organo-metallic 
compounds as antiknock agents. These include te‘traalkyl 
lead compounds such as tetramethyllead, tetra n-propyl 
lead, methyl triethyl lead, ethyl trimethyl lead, dimet-hyl 
diethyl lead and mixtures thereof and other organo-rnetal 
lic materials such as cyclopentadienyl nickel nitrosyl, 
rnethcyclopentadienyl manganese tricarbonyl and related 
materials, tris-(acetylacetonate) iron-III, nickel Z-ethyl 
hexyl salicylate, bis-(N-butyl salicylaldimine) nickel and 
vanadium acetylacetonate. However, the herein de?ned 
additives do not exhibit co-antiknock activity with all 
organo-metallic antiknock agents. For example, they ex 
hibit proknock effect with iron pentacarbonyl and ferro 
cene. Moreover, the eifectiveness of these co-antiknock 
agents varies considerably with each organo-metallic ma 
terial. Tetraalkyllead, cyclopentadienyl nickel nitrosyl, 
methylcyclopentadienyl manganese tricarbonyl and tris 
(acetyl-acetonate) iron-III are therefore preferred organo 
metallic antiknock agents for the fuel compositions of the 
invention. 

It will generally be preferred that the additive concen 
trate contain an optimum or near optimum ratio of co 
antiknook compound to organo-metallic antiknock agent. 
This ratio is easily determined by observation of the octane 
number increase obtained while varying the amount of co- ' 
antiknock added to separate samples of a given fuel con 
taining a constant concentration of antiknock agent. The 
following table indicates optimum ratios for various or 
ganic co-antiknock additives. 
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Example V 

Motor gasoline containing: 
20% v. pentenes ______________ _. 

. 99.1% v. 
80% v. isooctane _____________ __ 

Diethyl dimethyl lead ______________ _. 1.0 g. lead/gal. 
Alkyl methacrylate _________________ _. 0.4% v. 

Example VI 

Motor gasoline containing: 
70% v. ole?ns _______________ __ 

30% v. aromatics, and having a) 99.7% v. 
RON of 110 _______________ __ 

Methyl triethyl lead '_ _______________ __ 0.1 g. lead/ gal. 
Vinyl butyrate ____________________ __ 0.2% v. 

I Example VII 

Catalytic reformate having a RON of 
105 ___________________________ __ 99.1% v. 

Mixture of tetraethyllead and tetramethyl 
lead ___________________________ __ 0.2 g. lead/ gal. 

3,4-dimethyl-2-hexene propionate _____ _. 0.5% v. 

Example VIII 

Motor gasoline containing: 
40% v. ethylbenzenes ____ __ 

15% v. diisopropyl ether ____ 99.0% v. 
45% v. isooctane ________ __ 

Tetraethyllead _______________ __ 5 g. lead/ gal. 
Cyclohexyl acetate ___________ __ 1.0% v. 

TABLE III.—OPTIMUM CO-ANTIKNOCK/TEL MOLE RATIOS 

Optimum‘ Optimum Mole Octane Hydro 
Co-antiknock additive Range, Ratio, Oo-anti- Bene?t carbon 

percent v. knock/TEL AR-B Fuel 

Vinyl acetate ____ __ 0. 3 . 6 11 O. 7 Isooctane. 
Cyclohexyl acetate 1. 1-1. 4 22 1. 0 Do. 
Isopropyl acetate._ 1. 4-1. 5 31 2. 0 Do. 
Ethyl phenyl acetate--- 1. 1—1. 3 19 0. 2 Do. 
Sec-Butyl methacrylate ________ __ 0. 8-0. 9 15 1. 2 Do. 
Ethyl acetate- _________________ __ 1.4-1.6 38 1.9 Do. 

The following examples of motor gasoline fuel composi 
tions are suitable for use according to the invention. 

Example I 
Isooctane ________________________ __I. 99.25% v. 

Tetraethyllead ____________________ _. 2.7 g. lead/ gal. 
Vinyl acetate ______________________ _. 0.75% v. - 

Example I] 
2,2,4-trimethylpentane ______________ _. 99.6% v. 

Tetramet-hyllead ___________________ _. 3.0 g. lead/gal. 
Isopropyl acetate __________________ __ 0.4% v. 

Example III 
Motor gasoline containing: 

70% v. ethylbenzenes __________ _. 

20% v. hexanes _______________ _. 99.33% v. 

10% v. isooctane _____________ __ 

Ethyl trime-thyllead ________________ ._- 2.0 g. lead/gal. 
Ethyl acrylate _____________________ _. 0.67% v. 

Example IV 
Motor gasoline containing approximately: 

80% v. ole?ns _______________ __ 

20% v. naphthalenes, and having a 99.3% v. 
RON of 105 _______________ __ 

Tetraethyllead ____________________ __ 2.0 g. lead/ gal. 
Sec-buty-l methacrylate _____________ __ 0.4% v. 
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Example IX 

Motor gasoline containing: 
80% v. ethylbenzene _____ __ 

20% v, naphthenes _______ __ 

Methylcyclopentadienyl manganese 
}99.2% v. 

tricarbonyl ________________ __ 0.5 g. manganese/ gal. 
n-Octyl methacrylate _________ __ 0.8% v. 

Example X 

Motor gasoline containing: 
40% v. isooctane ________ __ 

15 % v. tertiary butyl alcohol .. 99.3% v. 
45 % v. ethylbenzene _____ __ 

Cyclopentadienyl nickel nitrosyl __ 0.5 g. nickel/ gal. 
Sec-butyl caprylate acid _______ __ 0.7% v. 

.Example XI 

Isooctane ________________ _'____ 99.3% v. 

Tris-(acetylacetonate) iron-III ___ 0.6 g. iron/gal. 
Sec-butyl ethacrylate _________ __ 0.7% v. 

Example XII 

Ethylbenzene ________________ __ 98.5% v. 

Nickel 2-ethylhexyl salicylate ____ 1.0 g. nickel/ gal. 
Methyl methacrylate _________ __ 1.5% v. 
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Example XIII 
Motor gasoline containing: 

25% v. hexanes __________ __ 

75% v. ethylbenzenes _____ __ }99'7% v‘ 
Bis - (N - butyl salicylaldimine) 

nickel ____________________ __ 0.5 g. nickel/ gal. 
Isopropylacetate _____________ __ 0.3% v. 

Example XIV 

Isooctane ___________________ __ 99.5% v. 

Vanadium acetylacetonate _____ __ 1.0 g. vanadium/ gal. 
Ethyl acrylate _______________ __ 0.6% v. 

Example XV 

Isooctane ___________________ __ 99.5% v. 

Mixture of: 
Tetramethyllead, 0.3% W. ___ 

Trimethyl ethyl lead, 4.3% w. _ 
Dimethyl diethyl lead, 20.1% 

W. ___________________ __. 

Methyl triethyl, 42.2% w. ___ 
Tetraethyllead, 33.0% w. ____ 

3.186 g. lead/gal. 

Vinyl acetate ________________ __ 0.5% v. 

Example XVI 

Ethylbenzenes _______________ __ 99.5% v. 

Mixture of: 
Tetramethyllead, 5.7% w. ___ 

Trirnethyl ethyl lead, 23.8% 
W. ___________________ __ 

Dimethyl diethyl lead, 37.5% 3.186 g. lead/ gal. 
w. ___________________ __ 

Methyl triethyl lead, 26.2% W. . 
Tetraethyllead, 6.8% w ____ __ 

Ethyl methacrylate ___________ __ 0.5% v. 

Example XVII 

50% v. isooctane ____________ __ 

50% v. ethylbenzene _________ __}99'5% " 
Mixture of: 

Tetramethyllead, 30.0% W. __ 

Trimethyl ethyl lead, 42.2% 
W. ___________________ __ 

Dimethyl diethyl lead, 22.2% 
w. ___________________ __ 

Methyl triethyl lead, 5.2% W. _ 
Tetraethyllead, 0.5% W ____ __ 

Methyl acrylate ______________ __ 0.5% v. 

Example XVIII 
A gasoline consisting of: 

80% v. paraf?ns _________ __ 

20% v. ole?ns having a R~30N 99.2% v. 
of about 107 __________ __ 

3.186 g. lead/gal. 

TEL _______________________ __ 3.19 g. lead/gal. 

Methyl acetate ______________ __ 0.8% v. 

Example XIX 
Isooctane ___________________ __ 99.0% v. 

TEL _______________________ __ 3.19 g. lead/gal. 

Z-methylcycloheptyl acetate ____ __ 1.0% v. 

Example XX 

Ethylbenzene ________________ __ 99.2% v. 

Tetramethyllead _____________ __ 2 g. lead/ gal. 

Octyl-a-phenyl acetate ________ __ 0.8% v. 

Example XXI 

A gasoline consisting of: 
70% v. aromatics ________ __ 

30% v. ole?ns having a RON }99.2% v. 
of about 109 __________ __ ] 

Tetramethyllead _____________ __ 2 g. lead/ gal. 
Heptyl-a-allyl acetobutyrate _____ 0.8% v. 
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’ Example XXII 

A motor gasoline having a RON of 
about 123 ________________ __ 99.0% v. 

Tetraethyllead _______________ __ 4 g. lead/ gal. 
m-Xylyl a- ( 4-octenyl ) acetocapro 

ate ______________________ __ 1.0% v. 

Example XXIII 

Isooctane ___________________ __ 98.5% v. 

Tetraethyllead _______________ __ 2 g. lead/gal. 

Cyclohexyl-a-tolyl acetoacetate ___ 1.5% v. 

Example XXIV 

A motor gasoline having a RON of 
about 125 ________________ _.. 99.0% v. 

Tetraethyllead _______________ __ 2 g. lead/ gal. 
2,3-diethylcyclohexyl-a-cumyl ace 

toacrylate _________________ __ 1.0% v. 

I claim as my invention: 
1. Gasoline for use in spark ignition internal corn 

bustion engines consisting essentially of a hydrocarbon 
base fuel, an octane number improving amount of a 
tetraalkyllead antiknock agent and an octane number 
improving amount but not more than 2.0% of the fuel 
of a gasoline soluble co-antiknock agent composed solely 
of carbon, hydrogen and oxygen having the structural 
formula: 

Ra 

wherein R1 is selected from the group consisting of alpha 
unsaturated alkenyl radicals containing up to 8 carbon 
atoms and cycloalkyl radicals having up to 10 carbon 
atoms and R2 and R3 are selected from the group con 
sisting of hydrogen atoms, and alkyl and alkenyl radicals 
containing up to 8 carbon atoms. 

2. The gasoline of claim 1 in which the co-antiknock 
agent is cyclohexyl acetate. 

3. A gasoline motor fuel composition consisting essen 
tially of hydrocarbon types selected from the group con 
sisting of mixtures of paraf?ns and ole?ns, mixtures of 
ole?ns and aromatics, and mixtures of paraf?ns and aro 
matics; an octane number improving amount of a tetra 
alkyllead antiknock agent; and an octane number im 
proving amount, but not more than 2.0% of the fuel, of 
a gasoline soluble co-antiknock agent composed solely 
of carbon, hydrogen and oxygen having the structural 
formula: 

wherein R1 is selected from the group consisting of alpha 
unsaturated alkenyl radicals ‘containing up to 8 carbon 
atoms and cycloalkyl radicals having up to 10 carbon 
atoms and R2 and R3 are selected from the group con 
sisting of hydrogen atoms, and alkyl and alkenyl radicals 
containing up to 8 carbon atoms. 

4. The gasoline motor fuel composition of claim 3 in 
which the hydrocarbon types are mixtures of paraffins 
and ole?ns. 

5. The gasoline motor fuel composition of claim 3 in 
which the hydrocarbon types are mixtures of ole?ns and 
aromatics. 

6. The gasoline motor fuel composition of claim 3 in 
which the hydrocarbon types are mixtures of para??ns 
and aromatics. 

7. A hydrocarbon fuel of the gasoline boiling range for 
use in spark ignition internal combustion engines having 
a Research Octane Number from about 105 to about 125 
and containing an octane number improving amount of 
a tetraalkyllead antiknock agent and at least 0.1% by 
volume but not more than 2.0% by volume of the fuel 
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of a gasoline soluble co-antiknock agent composed solely 
of carbon, hydrogen and oxygen having the structural 
formula: 

0 R2 
I 13/ 

wherein R1 is selected from the group consisting of alpha 
unsaturated alkenyl radicals containing up to 8 carbon 
atoms and cycloalkyl radicals having up to 10 carbon 
atoms and R2 and R3 are selected from the group con 
sisting of hydrogen atoms, and alkyl and alkenyl radicals 
containing up to 8 carbon atoms. 

8. A gasoline motor fuel composition having a Re 
search Octane Number from about 105 to about 125 
consisting essentially of hydrocarbon types selected from 
the group consisting of mixtures of para?’ins and ole?ns, 
mixtures of ole?ns and aromatics, and mixtures of paraf 
?ns and aromatics; an octane number improving amount 
of a tetraalkyllead antiknock agent; and an octane num 
ber improving amount, but not more than 2.0% of the 
fuel, of a gasoline soluble co-antiknock agent composed 
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solely of carbon, hydrogen and oxygen having the struc- > 

wherein R1 is selected from the group consisting of alpha 
unsaturated alkenyl radicals containing up to 8 carbon 
atoms and cycloalkyl radicals having up to 10 carbon 
atoms :and R2 and R3 are selected from the group con 
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12 
sisting of hydrogen atoms, and alkyl and alkenyl radicals 
containing up to 8 carbon atoms. 

9. Gasoline for use in spark internal combustion en 
gines consisting essentially of a hydrocarbon base fuel, 
an octane number improving amount of a tetraalkyllead 
antiknock agent, and an octane improving amount but 
not more than 2.0% of the fuel of ethyl phenyl acetate, 
ethyl-a-(Z-propenyl)-a-acetoacetate, or a mixture of ethyl 
methacrylate and secondary butyl acryl-ate. 

10. The gasoline of claim 9 in which the co-ant-iknock 
agent is a mixture of ethyl methacrylate and secondary 
butyl acrylate. 

11. The gasoline of claim 9 in which the co-antiknock 
agent is ethyl phenyl ‘acetate. 

12. The gasoline of claim 9 in which the co-antiknock 
agent 'is ethy1-a-(2-propenyl)-u-acetoacetate. 
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