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This invention relates to a process for condens 
ing a hydrocarbon containing a replaceable hy 
drogen atom. More particularly, the process re 
lates to the condensation of alkyl aromatic hydro 
carbons to form aromatic hydrocarbons of higher 
molecular Weights. - 
An object of this invention is to condense a 

hydrocarbon containing an alkyl group in the 
presence of a metal alky. , 
An additional object of this invention is to con 

dense an alkyl aromatic hydrocarbon in the pres 
ence of a lead alkyl. 
Another object of this invention is to condense 

&n alkyl benzene hydrocarbon in the presence of 
8 lead alky. - - - 

A further object of this invention is to produce 
8 diarylalzane by reacting an arylalkane in the 
presence of lead tetraethyl. 
One specific embodiment of the present inven 

tion relates to a process for producing a polya 
arylalkane which comprises condensing an aryl 
alkane in the presence of a lead alkyl. 
Another embodiment of this invention relates 

to a process for producing a polyphenylalkane 
which comprises reacting in the presence of a lead 
tetra-alkyl, a benzene hydrocarbon having an 
alkyl group represented by the formula: 

8 

--R 
h 

wherein R and R' represent at least one member 
of the group consisting of a hydrogen atom and 
an alkyl group. 
A further embodiment of this invention relates 

to a process for producing a diphenylalkane which 
comprises reacting in the presence of a lead alkyl, 
an alkylbenzene hydrocarbon in which the alkyl 
group is represented by the formula: 

E. 

-- 
wherein R and R' represent at least one member 
of the group consisting of a hydrogen atom and 
an alkyl group. 

Hydrocarbons which are condensed by my 
process to form hydrocarbons of higher molecular 
weights include paraffins, olefins, naphthenes, and 
aromatics each containing an alkyl group which 
has at least one replaceable hydrogen atom. Such 
hydrocarbons react in the presence of a lead alkyl 
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to split out hydrogen and effect a condensation 
of two fragments resulting from the loss of hy 
drogen from the hydrocarbon being treated. 5 

2 
Aromatic hydrocarbons particularly suitable for 

use in my process have an alkyl group in which 
a hydrogen atom is combined with a carbon aton 
adjacent to the aromatic ring. Such hydrocar 
bons may be represented by the general formula: 

k 
wherein Ar represents an aromatic ring and R. 
and R' represent at least one member of the group 
consisting of a hydrogen atom and an alkyl group. 
Benzene hydrocarbons particularly suitable for 
my process comprise toluene, ethylbenzene, iso 
propyl benzene, and other alkyl benzene hydro 
carbons of higher molecular weights. 
The above indicated alkyl aromatic hydrocar 

bons and particularly the alkyl benzene hydroo 
carbons are reacted singly or in admixture with 
one another in the presence of a lead alky to 
form higher boiling condensation products gen 
erally derived by the combination of 2 molecular 
proportions of the alkyl aromatic hydrocarbon 
and the splitting out of hydrogen. The process is 
carried out in batch Or continuous types of treat 
ment at a temperature of from about 0° to about 
300° C. for a time sufficient to decompose the 
added lead alkyl compound and to form con 
densation products from a portion of the aromatic 
hydrocarbon or aromatic hydrocarbon mixture 
undergoing treatment. The formation of aroa 
matic condensation products takes place slowly 
when a mixture of an alkyl, benzene hydrocarbon 
and a lead alkyl is exposed to light at a tempera 
ture of about 0° to about 100° C. but preferably 
of from about 20° to about 40° C. during a rela 
tively long period of time. Also, the condensa 
tion can be effected in a relatively short time by 
heating the aromatic hydrocarbon and metal 
alkyl in an autoclave at a temperature up to about 
300° C. After the reaction has been carried out, 
the reaction mixture is filtered to separate solid 
decomposition products of the metal alkyl from 
a solution of the reaction product in the excess of 
alkyl aromatic hydrocarbon charged to the proc 
ess. The excess of unconverted alkyl aromatic 
hydrocarbon is then distilled and separated from 
the higher boiling condensation products con 
prising essentially a polyphenylalkane hydrocar 
bon or mixture of polyphenylalkane hydrocar 
bons. 
Although the mechanism of the condensation 

reaction is not known completely, it seems prob 
able that the reaction proceeds through the for 
mation of free radicals produced during the ac 

a-Himml. 
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celerated decomposition of the metal alkyl such 
as lead tetraethyl. Although these concepts 
should not be misconstrued to limit the broad 
scope of the invention, it is believed that lead tetraethyl, for example, decomposes to give free 
ethyl radicals and that these react with the hy 
drocarbon, such as cumene, as illustrated in the following equation: 

-ch-oh, + C.H.CH(OE) - OE + oad cobo, 
CEI CE 

acid (CB). near on." 
The following examples are given to indicate 

results obtained in this process, but these date 
should not be misconstrued to limit the broad 
scope of the invention. 

Eacample 
105 grams of cumene, 6.2 grams of lead tetra 

ethyl, and 3.8 grams of ethylene dabromide (10 
grams of 'ethyl fluid') were mixed in a 200 cc. 
colorless glass bottle, the bottle was tightly 
corked, and exposed to autumn and winter sun 
light at about 25° C. during a period of 137 days. 
The reaction mixture was then filtered to remove 
precipitated material formed from the lead tetra 
ethyl and the excess of cumene was removed by 
distillation from a residue which crystallized on 
cooling. This residue plurified by recrystalliza 
tion from pentane yielded about 1.5 grams of pure 
2,3-dimethyl-2,3-diphenylbutane. 

Eacamaple II 
120 cc. of toluene was mixed with 18 grams of 

'ethyl fluid" (consisting of 11 grams of lead tetra 
ethyl and 7 grams of ethylene dibromide) and the 
resultant solution in a clear glass bottle was ex 
posed to spring and summer sunlight at 25 to 40 
C. during a period of about 200 days after which 
the reaction mixture was filtered to remove pre 
cipitated material. Toluene was distilled from 
the filtered hydrocarbon material, leaving a resi 
due of about 4 grams. The residue which was dis 
solved in pentane and cooled yielded a crystalline 
precipitate (2 grams) which melted at 50-51. C., 
the melting point of dibenzyl. This crystalline 
material did not depress the melting point when 
mixed with an authentic sample of dibenzyl. 
The remainder of the residue apparently con 
tained an additional quantity of dibenzyl and also 
higher condensation products which probably re 
sulted from reaction with the -CH2-groups of 
the initially formed dilbenzyl. 

Eaco.72ple III 

When the procedure of Example II was repeat 
ed on a mixture of 200 cc. of triptane, 22 grams of 
lead tetraethyl and 14 grams of ethylene dibron 
mide, only about 2 grams of residue remained aft 
er distilling off the unreacted triptaine. Exami 
nation of this higher boiling residue of infra red 
methods indicated that it was a mixture of highly 
branched hydrocarbons containing quaternary 
carbon atoms. 

Eacample IV . 

300 cc. of ethylbenzene, 22 grams of lead tetran 
ethyl, and 14 grams of ethylene dibromide were 
mixed and the resultant solution was exposed to 
spring and summer sunlight during a period of six 
months. At the end of this time, the precipitated 
material formed by decomposition of the lead 
tetraethyl was removed by filtration, the unre 

point to that of 2,3-diphenylbutane. 

4. 
acted ethyl benzene was distilled from the re 
action product, and the residue was permitted to 
crystallize. After recrystallization from pentane, 
the residue yielded 7 grams of crystals melting at 
122-12S C, thus corresponding closely in melting 

In addition, 
6 grams of non-crystalline material was also 
present in the residue, this material probably ber 

formed by further reaction of 2,3-diphenyl 
utane. 
Tn this and in the preceding examples, ethylene 

dibromide was present because "ethyl fluid' was 
added rather than pure lead tetraethyl. 
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tacample V 

200 cc. of cumene and 2 cc. of pure lead tetra 
ethyl (containing no ethylene dibromide) were 
placed in a glass liner for a rotatable steel auto 
clave of 850 cc. capacity. The glass liner and its 
contents were sealed in the autoclave, nitrogen 
was added to 25 atmospheres pressure, and the 
charged autoclave was rotated and heated at 
250 C. for 7 hours. 

therefrom, and the glass liner containing the re 
action product was removed from the autoclave. 
During the run the lead tetraethyl had decom 
posed, forming a solid on the sides of the glass 
liner. The liquid product was filtered from the 
decomposition products of the lead tetraethyl and 
the unreacted cumene was recovered by distilla 
tion, leaving a solid residue of 3.3 grams which 
was identified as 2,3-dimethyl-2,3-diphenylbul 
tane by a mixed melting point determination 
with an authentic sample of 2,3-dimethyl-2,3- 
diphenylbutane. 
The foregoing specification and examples in 

dicate results oetained in my process, but these 
deta, chould not be misconstrued to limit the 
broad scopa of my invention. 
I claim as ray invention: 
1. A process for producing a polyarylalkane 

which comprises contacting an arylalkane hav 
ing a hydrogen atom attached to a carbon atom 
adjacent to the aromatic ring with a lead alkyl, 
in which all valences of the lead atom are satis 
fled by alkyl groups, at a temperature of from 
about 0° C. to about 300° C. for a time sufficient 
to decompose said lead alkyl and to form a con 
densation product from, at least two molecular 
portions of said arylalkane, and thereafter sep 
arating from the reaction mixture the solid de 
composition products of said lead alkyl, 

2. The process of claim 1 wherein said lead 
alkyl comprises lead tetraethyl. 

3. A process for producing a diarylalkane which 
comprises contacting an arylalkane having a hya 
drogen atom attached to a carbon atom adjacent 
to the aromatic ring with a lead alkyl, in which 
all valences of the lead atom are satisfied by alkyl 
groups, at a temperature of from about 0° C. to 
about 300 C. for a time sufficient to decompose 
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said lead alkyl and to form a condensation prod 
uct from two molecular portions of said aryl 
alkane, and thereafter separating from the re 
action mixture the solid decomposition products 
of said lead alkyl. 

4. The process of claim 3 wherein said lead 
alkyl comprises lead tetraethyl. 

5. A process for producing dibenzyl which com 
prises contacting toluene with lead tetraethyl 
at a temperature of from about 0° C. to about 
300 C. for a time sufficient to decompose said 
lead tetraethyl and to condense two molecular 
proportions of said toluene, and thereafter sepw 

The autoclave was then , 
cooled, the gas (mainly nitrogen) was released 
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arating from the reaction mixture the solid de 
composition products of said lead tetraethyl. 

6. A process for producing 2,3-diphenylbutane 
which comprises contacting ethylbenzene with 
lead tetraethyl at a temperature of from about 
0° C. to about 300° C. for a time sufficient to de 
compose said lead tetraethyl and to condense 
two molecular proportions of said ethylbenzene, 
and thereafter separating from the reaction mix 
ture the solid decomposition products of said lead 10 
tetraethyl. 

7. A process for producing 2,3-dimethyl-2,3- 
diphenylbutane which comprises contacting cul 
mene with lead tetraethyl at a temperature of 
from about 0° C. to about 300° C. for a time suffi 
cient to decompose said lead tetraethyl and to 
condense two molecular proportions of said cul 
mene, and thereafter separating from the re 
action mixture the solid decomposition products 
of said lead tetraethyl, 

8. The process of claim 1 further characterized 
in that the reaction is carried out under the in 
fluence of actinic light. 

RAPH. B. THOMPSON, 
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