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This invention relates to novel fuel compositions. In 
particular, our invention relates to fuels of improved 
antiknock quality containing compounds of metallic cy 
clopentadienyl type. This is a division of our application, 
Serial No. 297,392, ?led July 5, 1952. 

Attendant with the development and evolution of the 
internal combustion engine for passenger car and heavy 
duty service, the petroleum industry has been continually 
called upon to e?ect improvements in the antiknock qual 
ities of hydrocarbon fuels. These improvements have, 
in general, been brought about by two distinct methods. 
One of these methods comprises improvements in re 
?ning operations, such as thermal and catalytic crack 
ing, and reforming or alkylating processes. The other 
method comprises the use of fuel additives to effect an 
increase in the antiknock qualities of the hydrocarbon 
fuels. Inasmuch as improvements in refinery techniques 
involve considerable capital expenditures, the use of 
fuel additives has attained greater and more widespread 
acceptance as the more effective method, particularly 
from the economic standpoint. The instant invention is 
therefore concerned with the improvement of hydrocar 
bon fuels with respect to ignition qualities and combus 
tion characteristics. Other important considerations in 
addition to the antiknock effectiveness of antiknock ma 
terials include hydrocarbon solubility, stability, toxicity, 
and the like. 

It is, therefore, an object of our invention to provide 
novel fuel compositions of improved ignition qualities 
and combustion characteristics. An additional object of 
our invention is to provide a general class of effective and 
stable antiknock additives for hydrocarbon fuels. Ad 
ditional important objects of our invention will become 
apparent from the discussion which hereinafter follows. 

In accordance with the instant invention, we have pro 
vided fuel compositions containing a class of compounds 
wherein at least one cyclopentadienyl-containing radical 
is directly bonded to a metal atom through the methylene 
group; that is, a metallic cyclopentadienyl. 

Thus, in one embodiment the fundamental structure of 
the antiknock agents of our invention can be represented 
by the general formula 

ii i M 
| 11 

wherein n is a small whole integer from one to four, 
and wherein M is a metallic element. Among the ele 
ments we can employ are copper, silver, and gold; that is, 
group TB of the periodic table. Likewise, we can employ 
beryllium, magnesium, calcium, strontium, barium, and 
radium; that is, group 11A of the periodic table. Fur 
thermore, we can employ zinc, cadmium, and mercury; 
that is, group 113 of the periodic table. In addition, 
we can employ the elements of group IIIA of the periodic 
table; that is, boron, aluminum, gallium, indium, and 
thallium. Likewise, we can employ the elements of group 
11133 of the periodic table; that is, scandium, yttrium, 
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2 
lanthanum, and actinium, including the lanthanum and 
actinium rare earth series of elements. Furthermore, we 
can employ the elements of group IVA of the periodic 
table; that is, silicon, germanium, tin, and lead. In addi 
tion, we can employ the elements of group NE of the 
periodic table; that is, titanium, zirconium, and hafnium. 
Likewise, we can employ the elements of group VA of the 
periodic table, such as arsenic, antimony, and bismuth. 
Furthermore, We can employ the elements of group VB 
of the periodic table; that is, vanadium, niobium, and 
tantalum. In addition, we can employ the elements of 
groups VIA of the periodic table, such as selenium, tel 
lurium, and polonium. Likewise, we can employ the 
elements of group VIB of the periodic table; that is, 
chromium, molybdenum, and tungsten. Furthermore, 
we can employ the elements of group VIIB of the periodic 
table; that is, manganese, technetium, and rhenium. In 
addition, we can employ the elements of group VIII of 
the periodic table; that is, iron, ruthenium, osmium, co 
balt, rhodium, iridium, nickel, palladium, and platinum. 

It is not intended that the scope of our invention be 
limited to the foregoing general formula which represents 
the basic or fundamental structure of the class of anti 
knock compounds of our invention, as the cyclopenta 
dienyl moiety can be mono-, di-, tri-, tetra-, or penta 
substituted with monovalent radicals, and, in addition, 
said moiety can be directly bonded with at least one fused 
ring structure. For example, the cyclopentadienyl moiety 
can be substituted with monovalent radicals providing 
antiknock agents of the instant invention which can be 
represented by the general formula 

or a? 
wherein each of R1, R2, R3, and R4 and R5 can be the 
same or different and are selected from the class con 
sisting of hydrogen and organic radicals; and wherein n 
and M are as described heretofore. 

Thus, the R1, R2, R3, R4, and R5 groups of the anti 
knock agents of our invention can be alkyl radicals, such 
as, for example, methyl, ethyl, n-propyl, isopropyl, n 
butyl, isobutyl, sec-butyl, t-butyl, n-amyl, and the vari 
ous positional isomers thereof as, for example, l-methyl 
butyl; Z-methylbutyl; 3-methylbutyl; 1,1-dirnethylpropyl; 
1,2-dimethylpropyl; 2,2-dimethylpropyl; and l-ethylpro 
pyl, and likewise the corresponding straight and branched 
chain isomers of hexyl, heptyl, octyl, nonyl, decyl, un 
decyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, 
heptadecyl, octodecyl, nondecyl, eicosyl, and the like. 
In addition, these monovalent hydrocarbon radicals may 
be alkenyl radicals, such as ethenyl, .Al-propenyl, A2-pro— 
penyl, isopropenyl, Al-butenyl, A2-butenyl, A3-butenyl, 
and the corresponding branched chain isomers thereof as, 
for example, dl-isobutenyl, Az-isobutenyl, Al-sec-butenyl, 
AZ-Sec-butenyl, including l-methylene-M-propenyl, A1 
pentenyl, AF-pentenyl, A3-pentenyl, A4-pentenyl, and the 
corresponding branched chain isomers thereof; Al-hex 
enyl, Az-hexenyl, A3-hexenyl, A‘i-hexenyl, A5-heXenyl, and 
the corresponding branched chain isomers thereof, in 
cluding 3,3-dimethyl-A1-butenyl; 2,3-dimethyl-A1-buteny1; 
2,3-dimethyl-A2-butenyl; 2,3-dimethyl-A3-butenyl; and 1 
methyl-l-ethyl-Az-propenyl, and similarly the various iso 
mers of heptenyl, octenyl, nonenyl, decenyl, undecenyl, 
dodecenyl, tridecenyl, tetradecenyl, pentadecenyl, hexa~ 
decenyl, heptadecenyl, octodecenyl, nondecenyl, eicos 
enyl, and the like. 

Illustrative examples of alkyl substituted cyclopenta 

R4 M 
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dienyl metal compounds comprising the antiknock in 
gredients of our invention include, for example, such 
compounds as 

cyclopentadienyl boron; 
Z-methyl-cyclopentadienyl boron; 
3-ethylcyclopentadienyl boron; 
4-n-propylcyclopentadienyl boron; 
3-isopropylcyclopentadienyl boron; 
2,3-di-n-butylcyclopentadienyl boron; 
2,4-di-sec-butylcyclopentadienyl boron; 
2,5-di-tert-butylcyclopentadienyl boron; 
cyclopentadienyl thallium; 
Z-n-amyleyclopentadienyl thallium; 
3,4—di-( l-methylbutyl)-cyclopentadienyl thallium; 
2,3,4-tri-methylcyclopentadienyl thallium; 
2,3,4,5-tetraethylcyclopentadienyl thallium; 
cyclopentadienyl gallium; 
3,4-di-n-octylcyclopentadienyl gallium; 
2-ethenylcyclopentadienyl gallium; 
3-(nl-propenyl)-cyclopentadienyl gallium; 
3,4-diisopropenylcyclopentadienyl gallium; 
cyclopentadienyl indium; 
2-isopropyl-3-A2-butenylcyclopentadienyl indium; 
di ( cyclopentadienyl ) osmium; 
di-(4-n-nonylcyclopentadienyl) osmium; 
di-(2-ethenylcyclopentadienyl) osmium; 
(Z-ethylcyclopentadienyl) - (3-n-propylcyclopentadienyl) 
osmium; ‘ 

di(cyclopentadienyl) ruthenium; 
di-(3-n-decylcyclopentadienyl) ruthenium; 
di- (4- (nz-pentenyl ) -cyclopentadienyl) ruthenium; 
(3-methylcyclopentadienyl) - (4-methylcyclopentadienyl) 
ruthenium; 

di-(cyclopentadienyl) iron; 
di-(4-ethylcyclopentadienyl) iron; 
(3 -methylcyclopentadienyl ) - (4-ethylcyclopentadienyl) 

iron; 
tri-(cyclopentadienyl) scandium; 
tri-(2,3-diethylcyclopentadienyl) scandium; 
(Z-methylcyclopentadienyl ) -di-( 3 -ethylcyclopentadienyl) 
scandium; 

(Z-ethylcyclopentadienyl) - (3 -ethylcyclopentadienyl) - 
(4-ethylcyclopentadienyl) scandium; 

tetra-(cyclopentadienyl) dysprosium; tetra-(3-methyl 
cyclopentadienyl) dysprosium, and the like. 

In addition, the R1, R2, R3, R4 and R5 groups of the 
antiknock agents of our invention can be aryl radicals, 
such as for example, phenyl, a-naphthyl, ?-naphthyl, oc 
anthryl, ?-anthryl, 'y-anthryl, and the like, including the 
various monovalent radicals of such aromatics as indene, 
isoindene, acenaphthene, ?uorene, phenanthrene, naph 
thacene, chrysene, pyrene, triphenylene, and the like. 
, Illustrative examples of aryl-substituted cyclopenta 
dienyl metal compounds comprising the antiknock in~ 
gredients of our invention include, for example, such 
compounds as 

Z-phenylcyclopentadienyl boron; 
4- ( a-naphthyl) -cyclopentadienyl boron; 
2- ( ?-naphthyl ) -cyclopentadienyl thallium; 
3~methyl-4-phenyl-cyclopentadienyl thallium; 
2,3-dimethyl-4-phenylcyclopentadienyl thallium; 
3,4-diphenylcyclopentadienyl gallium; 
3,5 -diphenylcyclopentadienyl indium; 
di-(4-phenylcyclopentadienyl) osmium; 
( 2-ethylcyclop entadienyl) - ( 3 -phenylcyclopentadienyl ) 

, ruthenium; 

di-(4-phenylcyclopentadienyl) iron, 

and the like. 
In addition, the R1, R2, R3, R4 and R5 groups of the 

antiknock agents of our invention can be aralkyl radicals, 
such as for example, benzyl, a-phenylethyl, ?-phenylethyl, 
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a-phenylpropyl, p-phenylpropyl, 'y-phenylpropyl, a-phen 
ylisopropyl, ,B-phenylisopropyl, a-phenylbutyl, ?-phenyl 
butyl, 8-phenylbutyl, 'y-phenylbutyl, a-phenylisobutyl, ,8 
phenylisobutyl, 'y-phenylisobutyl, a-phenyl-sec-butyl, ? 
phenyl-sec-butyl, 'y-phenyl-sec-butyl, ?-phenyl-t-butyl, 0c’ 
naphthylmethyl, [3’ - naphthylrnethyl, 0c - (a' - naphthyl) 
ethyl, a-(?'-naphthyl)-ethyl, ,B-(a'-naphthy1)-ethyl, 5-03’ 
naphthyl)-ethyl, a-(a'-naphthyl)-propyl, a-(B'-naphthyl) 
Propyl, ?-(d-naphthyl) - propyl, B-(?’-naphthy1) - propyl. 
v-(u'-naphthyl) - props/1, v-(?’maphthyl) - pmpyl, a-(d 
naphthyl) - isopropyl, a-(B'-naphthyl) - isopropyl, a-(od 
naphthyl)-butyl, a-(B'-naphthyl)-butyl, ?-(a’-naphthyl) 
butyl, ,B-(K-naphthyD-butyl, 'y-(d-naphthyD-butyl, 'y-(B' 
naphthyl) -butyl, 6- ( u'-naphthyl) -butyl, 6- ( ,B'-naphthyl) — 
butyl, a-(M-naphthyD-isobutyl, a-(B’-naphthyl)-isobutyl, 
?-(a’-naphthyl)-isobutyl, B-(B'-naphthyl)-isobutyl, 'y—(oc' 
naphthyl)-isobutyl, 'y-(?-naphthyD-isobutyl, u-(oU-naph 
thyl) - sec-butyl, a-(?'-naphthyl) - sec-butyl, ?-(vf-naph 
thyl) - sec-butyl, B-(?Y-naphthyl) - sec-butyl, 'y-(u'-naph 
thyl) - sec-butyl, 'y-(Blnaphthyl) - sec-butyl, ?-(a'-naph 
thyl)-t-butyl, ?-(?'maphthyD-t-butyl, the corresponding 
oz'- and ?’-naphthyl derivatives of n-amyl and the various 
positional isomers thereof, such as for example, said de 
rivatives of l-methylbutyl; Z-methylbutyl; 3-methylbutyl; 
1,1 - dimethylpropyl; 1,2 - dimethylpropyl; 2,2 - di-methyl 
propyl; l-ethylpropyl; and likewise said derivatives of the 
corresponding isomers of hexyl, heptyl, octyl, and the 
like, including eicosyl. Other such aralkyl derivatives of 
the compounds of our invention include the a'-, ,3'- and 
y-anthryl derivatives of alkyl radicals, such as for ex 
ample, a’ - anthrylmethyl, a - (?' - anthryl) - ethyl, [Si-(y' 

anthryl) - ethyl, ot-(oU-tillthl'Yl) - butyl, 5-(,B’-anthryl) - 2 
methylamyl, and the like, and the corresponding alkyl 
derivatives of phenanthrene, ?uorene, acenaphthene, 
chrysene, pyrene, triphenylene, naphthacene, and the like. 

Illustrative examples of aralkyl-substituted cyclopenta 
dienyl metal compounds comprising the antiknock ingredi 
dients of our invention include, for example, such com 
pounds as di-(3-benzylcyclopentadienyl) beryllium; tri 
(4-(u-phenylethyl) - cyclopentadienyl) yttrium; tri-(3-(? 
phenylethyl):cyclopentadienyl) lanthanum; tI‘l-(3,4-di-(oc 
phenylbutyl)-cyclopentadienyl) chromium; 2-benzylcyclo 
pentadienyl aluminum; tetra - (3-benzylcyclopentadienyl) 
tin; tetra-(B-bermylcyclopentadienyl) lead, and the like. 

In addition, the R1, R2, R3, R4 and R5 groups of the 
antiknock agents of our invention can be alkaryl, such as 
for example, o-tolyl, m-tolyl, p-tolyl, o-ethylphenyl, m 
ethylphenyl, p-ethylphenyl, o-n-propylphenyl, m-n-propyl 
phenyl, p-n-propylphenyl, o-isopropylphenyl, m-isopropyl 
phenyl, p-isopropylphenyl, 2-methyl-u-naphthyl, 3-methyl 
a-naphthyl, 4-methyl-a-naphthyl, 5-methyl-wnaphthyl, 6 
methyl-u-naphthyl, 7-methyl-ot-naphthyl, B-methyl-a-naph 
thyl, l-ethyl - [3 - naphthyl, 3-ethyl - ,B-naphthyl, 4-ethyl-B 
naphthyl, S-ethyl-B-naphthyl, 6-ethyl-?-naphthyl, 7-ethyl 
?-naphthyl, S-ethyI-pI-naphthyl, 2,3 - dipropyl-a-naphthyl, 
5 ,8-diisopropyl-13-naphthyl, and the like. 

Illustrative examples of alkaryl-substituted cyclopenta 
dienyl metal compounds comprising the antiknock in 
gredients of our invention include, for example, such 
compounds as di-(3-o-tolylcyclopentadienyl) calcium; di 
(4-m-tolylcyclopentadienyl) strontium, tetra- (3-p-tolyl 

\ cyclopentadienyl) titanium; di-(3 - 0 - ethyl-phenylcyclo 
65 

70 

pentadienyl) copper; 2 - m - ethylphenylcyclopentadienyl 

silver; tetra - (4-p-ethylphenylcyclopentadienyl) germani 
um; and the like. 
As hitherto indicated, the cyclopentadienyl moiety of 

the antiknock compounds of our invention can be directly 
bonded with at least one fused ring structure, thereby pro 
viding an organic ring-containing cyclopentadienyl moiety. 
The organic ring structure fused with the cyclopentadienyl 
moiety of the compounds of our invention can be alicyclic 
or aromatic. When this structure is alicyclic, there is 
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provided a series of compounds which can be represented 
by the general formula 

wherein a and b can be the same or different and are 
small whole integers including zero and excluding one, 
wherein n and M are as described heretofore, and wherein 
R6 is selected from the class consisting of hydrogen and 
organic radicals, as described heretofore. Thus, when a 
is zero, each of the carbon atoms designated as 2 and 3 
have attached thereto a monovalent radical selected from 
the class consisting of hydrogen and organic radicals. 
Furthermore, the monovalent radicals so attached can 
be the same or di?erent. The same discussion applies to 
each of the carbon atoms designated as 4 and 5 when 
b is zero. 

Illustrative examples of alicyclic ring-containing cyclo 
pentadienyl metal compounds comprising the antiknock 
ingredients of our invention include, for example, such 
compounds as 

4,5 ,6,7-tetrahydroindenyl thallium; 
1,2,3,4,5,6,7,8-octahydro?uorenyl gallium; 
3-methyl-4,5,6,7-tetrahydroindenyl indium; 
di- (4,5 ,6,7-tetrahydroindenyl) iron; 
di-(1,2,3,4,5,6,7,8-octahydro?uorenyl) osmium; 
di- (4,5 ,6,7-tetrahydroindenyl) ruthenium; 
(3-phenyl-cyclopentadienyl)-di-(4,5,6,7-tetra 
hydroindenyl ) scandium ; 

and the like. 
When the organic ring structure, fused with the cyclo 

pentadienyl moiety of the compounds of our invention, 
is aromatic, there is provided a series of compounds which 
can he represented by the general formulae 

wherein each of R1, R2, R5, R5, R7, R8, R9, R10, R11, R12 
and R13 can be the same or different and are selected 
from the class consisting of hydrogen and organic radi 
cals, and wherein n and M are as described heretofore. 

Illustrative examples of aromatic ring-containing cyclo 
pentadienyl metal compounds comprising the antiknock 
ingredients of our invention include, for example, such 
compounds as di(indenyl) beryllium, di(?uorenyl)beryl 
lium, (ii-(4,7 - dimethyl indenyl)magnesium, di-(f-phenyl 
?uorenyl)magnesium, di(indenyl) calcium, di(?uorenyl) 
strontium, di-(3-methyl - 4,6 - diethyl indenyl)barium, di 
(indenyl)osmium, di(?uorenyl)osmium, di(indenyl)ru 
thenium, di(?uorenyl)ruthenium, indenyl thallium, ?uo 
renyl thallium, l-methyl-8-pheny1 ?uorenyl thallium, tri 
(indenyl) scandium, tri - (2,4 - diethyl indenyl)scandium, 
indenyl gallium, ?uorenyl gallium, indenyl indium, tetra 
(indenyl) dysprosium, ?uorenyl indium, and the like. 
In addition, the metallic atom can have attached there 

to different organic radicals, all of which do not have to 
be cyclopentadienyl moietx -containing radicals. Thus, for 
example, our fuel compositions can contain such mate 
rials as 

methyl-cyclopentadienyl iron, 
ethyl-cyclopentadienyl iron, 
propyl-cyclopentadienyl iron, 
isopropyl-cyclopentadienyl ruthenium, 
butyl-indenyl ruthenium, 
sec-butyl-?uorenyl ruthenium, 
isobutyl-3-methyl-cyclopentadienyl osmium, 
t-butyl-6-o-tolyl-?uorenyl osmium, 
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6 
phenyl-cyclopentadienyl barium, 
ethyl-di ( cyclopentadienyl) scandium, 
diethyl-indenyl scandium, 
methylethyl-?uorenyl scandium, 
ethyl-tri(cyclopentadienyl) dysprosium, 
di ( phenyl) -di (?uorenyl) dysprosium, 
tributyl-indenyl dysprosium, 
methylethyl-phenyl-cyclopentadienyl dysprosium, 
triethyl-cyclopentadienyl lead, 
and the like. 

Certain polyvalent metals such as lead, tin, silicon, 
germanium, and the like, are capable of forming metal 
to-metal bonds. In such instances the antiknock agents 
of our invention comprise polymetallic cyclopentadienyl 
moiety-containing compounds such as, for example, hexa 
(cyclopentadienyl)dilead, hexa(indenyl) ditin, di(?uor 
enyl)-tetraethyl digermanium, diethyl tetra(cyclopenta 
dienyl)digermanium, octa(cyclopentadienyl)trisilicon, and 
the like. 

General methods employed for preparing the metallic 
cyclopentadienyl moiety-containing compounds compris 
ing the antiknock ingredients of our invention include the 
interaction of a cyclopentadienyl Grignard reagent or a 
cyclopentadienyl alkali metal compound with a salt of 
the desired metal. Reaction proceeds readily, and the 
products are easily recovered in high yield and purity be 
cause of the stability of the metallic cyclopentadienyl 
(compounds. In certain instances we ?nd that we can 
introduce the ?rst cyclopentadienyl moiety by the use of 
the Grignard reagent, followed by introduction of addi 
tional cyclopentadienyl moieties by the use of the alkali 
metal compound. In addition, compounds can be pre 
pared by the reaction of a cyclopentadienyl hydrocarbon 
with an inorganic compound of the metal. In the speci?c 
example which follows of one (method of preparing a 
representative number of the compounds comprising anti 
knock ingredients of our invention, all parts and percent 
ages are by weight. 

Example 
Di(cyclopentadienyl)ir0n.—A stirred reaction vessel 

provided with a re?ux condenser and means for intro 
ducing liquid components was charged with 300 parts of 
anhydrous ethyl ether and 40 parts of magnesium metal. 
To this mixture was added 205 parts of ethyl bromide, the 
addition taking a period of approximately one hour, fol 
lowed by the addition of 178 parts of cyclopentadiene. 
A solution of 90 parts of anhydrous ferric chloride in 200 
parts of diethyl ether was then added to the reaction mix 
ture over a period of approximately 30 minutes. The re 
action mixture was then maintained at a re?ux tempera 
ture in the order of 40° C. for a period of one hour. 
After cooling, the crude di(cyclopentadienyl) iron was 
isolated by adding an approximately 10 percent aqueous 
solution of ammonium chloride to the reaction mixture. 
The ether layer containing the desired product was sepa 
rated and the ether removed by distillation. Forty-eight 
parts of crude product were obtained. The 48 parts of 
the crude product so obtained was recrystallized from 
ethyl alcohol solution and dried, yielding 26 parts of pure 
di(cyclopentadienyl)iron, amounting to an overall recov 
ery of 25 percent. By analysis, this material was shown 
to contain 29.43 percent iron, while the formula CmHmFe 
requires 30.02 percent iron. 
We have found that we can prepare typical compounds 

of our invention by utilizing the corresponding cyclo 
pentadienyl moiety-containing Grignard reagent. Thus, 
for example, we can prepare cyclopentadienyl thallium 
by the interaction of cyclopentadienyl magnesium bromide 
and thallium iodide in accordance with the speci?c exam 
ple described above. Therefore, by reacting indenyl mag 
nesium bromide or chloride with such metallic halides as 
thallium iodide, bismuth chloride, osmium chloride, ru 
thenium chloride, gallium bromide, indium chloride, dys 
prosium chloride, and the like, we form the correspond 
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ing metallic indenyl compounds comprising the antiknock 
agents of our invention. Similarly, by reacting ?uorenyl 
magnesium bromide or chloride with such metallic halides 
as boron chloride, cerium bromide, chromium chloride, 
cobalt chloride, niobium bromide, germanium chloride, 
iridium bromide, and the like, we form the corresponding 
metallic ?uorenyl compounds comprising the antiknock 
agents of our invention. To prepare alkyl and aryl sub 
stituted cyclopentadienyl moiety-containing metallic com 
pounds, we employ the corresponding alkyl or aryl sub 
stituted cyclopentadienyl moiety-containing Grignard re 
agent for reaction with the corresponding metallic halide. 
As heretofore indicated, we sometimes ?nd it advanta 
geous to employ the corresponding cyclopentadienyl moi 
ety-containing alkali, metal compound such as, for exam 
ple, cyclopentadienyl lithium, indenyl lithium, ?uorenyl 
sodium, and the like in the preparation of the compounds 
comprising the antiknock ingredients of our invention. 
Furthermore, in the preparation of certain of the metallic 
cyclopentadienyl moiety-containing compounds, we ?nd 
it advantageous to introduce the ?rst cyclopentadienyl 
moiety by the use of a cyclopentadienyl magnesium bro 
mide, indenyl magnesium bromide, fluorenyl magnesium 
bromide, and the like, followed by the use of the afore 
mentioned cyclopentadienyl moiety-containing alkali metal 
compounds to introduce additional cyclopentadienyl moie 
ties into our antiknock compounds. 
An advantage of the metallic cyclopentadienyl moiety 

containing compounds is the effectiveness of such com~ 
pounds in diverse hydrocarbon fuel types such as, for 
example, straight run hydrocarbons and processed hydro 
carbons, including thermally cracked, catalytically 
cracked, reformed, hydroformed, et cetera, hydrocarbons 
of the gasoline boiling range. Furthermore, we can em 
ploy the antiknock agent in fuels of widely varying sulfur 
contents. 
To demonstrate the startling antiknock effectiveness 

of the metallic cyclopentadienyl moiety-containing com 
pounds, four parts of di(cyclopentadienyl)iron was dis 
solved in 1300 parts of a representative petroleum hydro 
carbon fuel and agitated, thereby forming a uniformly 
distributed hydrocarbon additive composition. The 
clear hydrocarbon fuel had a Research rating of 77.5 
octane number. The resulting fuel mixture containing 
8.53 parts of di(cyclopentadienyl)iron per gallon was 
compared with another blend of the same petroleum 
hydrocarbon fuel containing various concentrations of 
tetraethyllead. It was found that the di(cyclopentadi 
enyl)iron-containing gasoline had an octane number of 
91.7. In order to achieve the same octane number, it 
was necessary to employ 4.44 milliliters of tetraethyllead 
per gallon. Thus, iron as a cyclopentadienyl moiety 
containing compound was 1.83 times more effective than 
lead as tetraethyllead. 

Furthermore, cyclopentadienyl moiety-containing com 
pounds can be successfully employed as antiknock addi 
tives to diverse commercially available fuels having 
widely differing chemical compositions with respect to 
hydrocarbon type and sulfur content. Thus, for exam 
ple, we can employ cyclopentadienyl thallium in the fol 
lowing typical gasoline comprising the following compo 
nent percentages: straight run, 51.4; catalytically cracked, 
22.8; theremally cracked, 14.3; isopentane, 8.6; butane, 
2.9; having a sulfur content of. 0.162 percent; and having 
a clear Research octane number of 81.2, in amounts be 
tween about 0.03 and 8.0 grams of thallium per gallon 
to provide a fuel of superior antiknock quality. 

Likewise, we can employ fluorenyl thallium in the fol 
lowing typical gasoline comprising the following compo 
nent percentages: straight run, 61.0; catalytically cracked, 
39.0; having a sulfur content of 0.168 percent, and hav 
ing a clear Research octane number of 82.1, in antiknock 
quantities, that is, in amounts between about 0.03 and 
8.0 grams of thallium per gallon to provide a fuel of 
superior antiknock quality. 
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' Furthermore, we can employ 4,5,6,7-tetrahydroindenyl 
thallium in the following typical gasoline comprising the 
following component percentages: straight run, 45.1; 
catalytically cracked, 28.7; thermally reformed, 13.5; 
catalytic polymer, 8.7; butane, 4.0; having a sulfur con 
tent of 0.067 percent, and having a clear Research octane 
number of 81.5, in antiknock quantities, that is, in 
amounts between about 0.03 and 8.0 grams of thallium 
per gallon to provide a fuel of superior antiknock quality. 

In addition, we can employ di-indenyl iron in the fol 
lowing typical gasoline comprising the following compo 
nent percentages: catalytically cracked, 34.8; straight run, 
29.1; thermally‘ cracked, 25.2; hydroaromatic catalyti 
cally cracked, 10.9; having a sulfur content of 0.083 per 
cent, and having a clear Research octane number of 83.9, 
in antiknock quantities, that is, in amounts between about 
0.01 and 8.0 grams of iron per gallon to provide a fuel 
of superior antiknock quality. 

Likewise, we can employ di-indenyl osmium in the 
following typical gasoline comprising the following com 
ponent percentages: catalytically cracked, 60.6; straight 
run, 29.3; catalytically reformed, 10.1; having a sulfur 
content of ‘0.042 percent, and having a clear Research 
octane number of 85.4, in antiknock quantities, that is, 
in amounts between about 0.02 and 8.0 grams of osmium 
per gallon to provide a fuel of superior antiknock quality. 

Furthermore, we can employ di-indenyl ruthenium in 
the following typical gasoline comprising the following 
component percentages: straight run, 63.0; thermally 
cracked, 37.0; having a sulfur content of 0.120 percent, 
and having a clear Research octane number of 81.6, in 
antiknock quantities, that is, in amounts between about 
0.015 and 8.0 grams of ruthenium per gallon to provide 
a fuel of superior antiknock quality. 

In addition, we can employ 3-methyl ?uorenyl gallium 
in the following typical gasoline comprising the follow 
ing component percentages: straight run, 32.7; catalyti 
cally cracked, 22.6; catalytically reformed, 22.7; ther 
mally cracked, 19.8; butane, 2.2; having a sulfur content 
of ‘0.096 percent, and having a clear Research octane 
number of 82.1, in antiknock quantities, that is, in 
amounts between about 0.05 and 8.0 grams of gallium 
per gallon to provide a fuel of superior antiknock quality. 

Likewise, we can employ 5-phenyl indenyl indium in 
the following typical gasoline comprising the following 
component percentages: catalytically cracked, 46.1; 
straight run, 27.4; thermally cracked and thermally re-' 
formed, 11.2; catalytic polymer, 9.1; butane, 6.2; having 
a sulfur content of 0.050 percent, and having a clear 
Research octane number of 81.7, in antiknock quantities, 
that is, in amounts between about 0.04 and 8.0 grams of 
indium per gallon to provide a fuel of superior antiknock 
quality. 

Furthermore, we can employ tri-(2,4-diethyl cyclopen 
tadienyl) scandium in the following typical gasoline com 
prising the following component percentages: catalyti 
cally cracked, 50.0; straight run, 40.0; catalytic polymer, 
10.0; having a sulfur content of 0.036 percent, and hav 
ing a clear Research octane number of 81.3 in antiknock 
quantities, that is, in amounts between about 0.02 and 8.0 
grams of scandium per gallon to provide a fuel of supe 
rior antiknock quality. 

In addition, we can employ tetra(cyclopentadienyl)~ 
dysprosium in the following typical gasoline comprising 
the following component percentages: catalytically 
cracked, 56.0; straight run, 18.0; thermally reformed, 
17.1; catalytic polymer, 6.3; butane, 2.4; solvent oil, 0.2; 
having a sulfur content of 0.038 percent, and having a 
clear Research octane number of 85.0 in antiknock quan 
tities, that is, in amounts between about 0.06 and 8.0 
grams of dysprosium per gallon to provide a fuel of supe 
rior antiknock quality. 
We also ?nd it advantageous to employ other fuel addi 

tives old in the art in certain of the fuel compositions 
of the instant invention, which contain certain of the 
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cyclopentadienyl moiety-containing compounds. Thus, 
for example, with certain of said compounds, we prefer 
to employ corrective agents, commonly known as scav 
engers, such as, for example, those tiSCiD$€d in US. 
1,592,954; 1,668,022; 2,364,921; 2,398,281; 2,479,900; 
2,479,901; 2,479,902; 2,479,903; and 2,496,983. With 
certain other cyclopentadienyl moiety-containing fuel 
additives, we prefer to employ wear inhibitors such as, 
for example, those disclosed in U.S. 2,546,421 and 
2,546,422. In addition to the foregoing, we ?nd that 
antioxidant compositions can be successfully employed in 
our antiknock hydrocarbon fuel compositions as Well as 
organic dyes and the like. We can also employ tetraet - 
yllead with our additives. 

In general, we can employ in our improved fuel com 
positions cyclopentadienyl moiety-containing compounds 
in amounts from between about 0.01 and 8.0 grams of 
metal per gallon, which amounts to from between about 
0.93 and 740 pounds of metal per 1,000 barrels of gaso 
line. The speci?c amount of this cyclopentadienyl 
moiety-containing compound we employ is contingent 
upon the type or“ fuel, the speci?c compound, and the 
desired octane increase involved. However, in general, 
we prefer to employ from between about 0.1 and 4.6 
grams of metal per gallon, which amounts to from be 
tween about 9.3 and 427 pounds of metal per 1,000 bar 
rels. 

Other examples of the metallic cyclopentadienyl moiety 
containing compounds which we have provided will be 
apparent, the speci?c examples enumerated herein being 
merely illustrative. Furthermore, other methods for 
‘their preparation will be apparent to those skilled in the 
art, and the foregoing example of preparation is pre 
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sentea merely to illustrate one method for their prep 
aration. 
Having thus described the novel antiknock compounds 

of our invention and having shown the advantages there— 
of and methods of employing them, we do not intend that 
our invention be limited except within the scope of the 
following claims. 
We claim: 
1. A fuel for internal combustion engines which con 

sists essentially of hydrocarbons of the gasoline boiling 
range and, as an antiknock ingredient, a cyclopentadienyl 
thallium compound having the formula RTI wherein R is 
a cyclopentadienyl hydrocarbon group, said cyclopenta 
dienyl hydrocarbon group being directly bonded to the 
thallium atom through the methylene group, said com 
pound being present in amount such that said fuel con 
tains from 0.03 to about 8.0 grams of thallium per gallon. 

2. The composition of claim 2 wherein said compound 
is cyclopentadienyl thallium. 
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