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Recrystallization from benzene-petroleum ether mixture 
(1: 1) gave 0.3 g. (30%) of VIIIa as pale yellow needles, . .  

m.p. 157-200O. - 
Anal. Calcd. for C27H220: C, 89.4; H, 6.1. Found: C, 

88.9; H, 6.6. 
Action of ethylmagnesium iodide on IV. A solution of 2,4- 

diphenyl-5,6-benzindan-l,3-dione (IV) (1 g.) in dry benzene 
(100 ml.) was added to  an ethereal solution of ethylmag- 
nesium iodide (from ethyl iodide, 3.5 g., and magnesium, 
0.5 g.) and the reaction mixture was heated under reflux for 
2 hr., then left overnight. Decomposition with aqueous 
ammonium chloride solution, and concentration of the 
washed and dried benzene extracts, gave a pale yellow 
product. Recrystallization from benzene gave 0.25 g. 
(24%) of I X  as almost colorless needles, m.p. 182-184". 

Anal. Calcd. for C2~H2(: C, 93.5; H, 6.5. Found: C, 92.8; 
H, 6.4. 

The product gave a rose red coloration with concentrated 
sulfuric acid. 

Action of phenylmagnesium bromide on IV. A solution of 
2,4-diphenyl-5,6-benzindan-l,3-dione (IV) (1 g.) in dry 
benzene (100 ml.) was added to an ethereal solution of 
phenylmagnesium bromide (from bromobenzene, 2 g., and 
magnesium, 0.5 9.) and the reaction mixture was heated 
under reflux for 3 hr. then left overnight. Decomposition 
with aqueous ammonium chloride solution, and concentra- 

tion of the washed and dried benzene extracts followed by 
addition of petroleum ether (4@-60°), gave a colorless 
product. Recrystallization from benzene-petroleum ether 
mixture (1:l) gave 0.4 g. (30%) of VIIIb as colorless 
prisms, m.p. 198-199". 

Anal. Calcd. for CS?H2~O: C, 91.3; H, 5.4. Found: C, 91.1; 
H, 5.4. 

The product gave a bluish coloration with concentrated 
sulfuric acid. 
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The syntheses of six new high molecular wc'ght polyalkylbenzenes and polyalkylcyclohexanes are reported. 

As a portion of a continuing study of high mo- 
lecular weight hydrocarbons, the synthesis and 
physical properties of six new monocyclic hydro- 
carbons are reported. They are 1,3-didecylbenzene, 
1,3-didecylcyclohexane, 2,5-dimethyloctadecylben- 
sene, 2,5-dimethyloctadecylcyclohexane, 2,4,6-tri- 
methyloctadecylbenzene, and 2,4,6-trimethylocta- 
dec ylc yclohexane. 

Three different synthetic routes were used for 
the preparations of the above hydrocarbons. The 
113-didecylbenzene was prepared by the dispro- 
portionation of decylbenzene with aluminum bro- 
mide-hydrogen bromide catalyst. w 
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I t  has been found from studies of the hydrogen 
fluoride and aluminum halide catalyzed dispro- 
portionations of a series of lower alkylbenzenes that 
the dialkylbenzenes obtained are exclusively the 
meta isomers except in the case of isopropyl or ter- 
tiary b~tylbenzene.~,~ It was believed that the in- 
creased branching of the alkyl group in these two 
cases decreased the differences in the stability of 
the isomeric hydrocarbon catalyst complexes.6 
In the present work it was observed that the dis- 
proportionation of decylbenzene catalyzed by 
aluminum chloride-hydrogen chloride yielded a 
four to one ratio of meta- to para-didecylbenzene 
while aluminum bromide-hydrogen bromide pro- 
duced the isomers in a nine to one ratio. The ortho 
isomer was looked for but not found. Analysis was 
by infrared, density, and viscosity, after separation 
of the isomers by fractional distillation. The iden- 
tity of the para isomer was unequivocally estab- 
lished by comparison with an authentic sample 
which had been prepared previously in this Iabora- 
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TABLE I 
PROPERTIES OF THE HYDROCARBONS 

Viscosity a t  Density B.P. a t  Refractive 
98.9' C. in G./Cc. 1.00 Mm., Index ( I t t=) ,  

Hydrocarbon (Centipoise) at 98.9"C. "C. 20" c. M.P., "C. 

1,3-Didecylbenzene 2.496 0.8018 201.0 1.4813 - 
1,3-Didecylcyclohexane 2.863 0.7816 205.0 1.4618 - 
2,5-Dimethylortadecyl- 

2,5-Dimethyloctadecyl- 

?,4,6Trimethyloctadecyl- 

2,4,6-Trimethyloctade- 

benzene 2.887 0.8078 210.5 Solid 45.0-45.5 

cyclohexane 2.963 0,7829 204.0 1.4619 - 

benzene 3.580 0.8125 219.0 Solid 54.5-55.0 

cylcyc lohexane 3.268 0.7856 210.5 1.4629 - 

tory from terephthalic acid.7 This also confirmed 
the previous  observation^^-^ that the dispropor- 
tionation is not accompanied by isomerization 
of the normal alkyl group. 

For the synthesis of 2,5-dimethyloctadecylben- 
zene the precursor, 2,5-dimethyloctadecanoylben- 
zene, was prepared both by the acylation of p -  
xylene with ,stearoy! chloride, and from 2,4-di- 
methylbrombenzene and octadecanoyl chloride 
through the Grignard and cadmium reagents. In 
each case the ketone was reduced directly to the 
hydrocarbon by the modified Rolff -Kishner reac- 
t9ion of Herr et aZ.* The Friedel-Crafts acylation is 
not accompanied by rearrangement of the methyl 
groups (or by isomerizatim of the normal octadecyl 
chain) since the ketones ohtained from the two pro- 
cedures were shown to I?c identjcal. The yield of 
purified ketone from the acylation was 62 per cent 
and from the Grignard reaction 34 per cent. 

The 2,4,Btrimethyloctad~cylbeneene was pre- 
pared from mesitylene by acylation with octa- 
decanoyl chloride, reductiori I-, ith lithium aluminum 
hydride, dehydration over alumina at  350" and 
finally hydrogenation over copper chromite cat- 
alyst. The best commercial niesitylene contained a 
hydrocarbon iimpurity boiling within a few degrees 
of the desired l13,5-trimethplbenzene. A frac- 
tionating column possessing 100 theoretical plates 
was required to separate this impurity which from 
physical property data appeared to be a methyl- 
ethylbenzene. Attempts at  direct, reduction of the 
ket,one to the hydrocarbon via the Clemmenseng or 
the Wolff -Kishnerlo methods were unsuccessful. 
In each case the ketone was recovered unchanged, 
apparently because of the steric hindrance of the 
ortho methyl groups. 
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N. R. Eldred, IT. B. Fischl, David Flitter, E. J. Goldberg, 
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The 1,3-didecylcyclohexane and 2,5-dimethyl- 
octadecylcyclohexane were prepared by complete 
hydrogenation of the respective aromatic analogs 
over a nickel catalyst" at  150-200". The 2,4,6-tri- 
methyloctadecylcyclohexane was prepared by com- 
plete hydrogenation of 1-(2,4,6-trimethylphenyl)- 
1-octadecene. 

The cyclohexane derivatives are mixtures of geo- 
metric isomers and the properties given were deter- 
mined on these mixtures. 

Several of the important physical properties de- 
termined for the hydrocarbons are listed in Table 
I. The methods of determining the properties and 
their precisions were discussed in the first paper of 
the series.12 

EXPERIMENTAL13 

Intermediates. Careful ' purification of the intermediates 
greatly simplifies the purification of the final hydrocarbons. 
Where possible, all intermediates were fractionally distilled 
through distillation columns having at least 35-40 theoreti- 
cal plates. The boiling points of the intermediates are uncor- 
rected unless otherwise specified. The properties listed are 
for the fractions having similar boiling points, refractive in- 
dices, and melting points or viscosities.14 

(a)  Decanoic acid. Capric acid (Armour Neo-Fat 10) was 
purified by fractional distilllation: b.p. 168"/28 mm., setting 
point found 31.3'; reportedl6 31.24". 

(b)  Octadecanoic acid.  Stearic acid (Armour Nec-Fat 18) 
was converted to methyl stearate which was purified by 
fractional distillation through a "solids high vacuum 
column:"lB Zal.* 5.984 cs. The ester was converted to the 
acid by saponification with aqueous sodium hydroxide, 
followed by acidification with dilute hydrochloric acid: 
m.p. found 69.0-69.6', reported's 69.60'. 

(11) A kieselguhr-supported nickel supplied by the Uni- 
versal Oil Products Co., Chicago, Ill. 

(12) F. C. Whitmore, L. H. Sutherland, and J. N. Cosby, 
J. Am. Chem. Soc., 64, 1360 (1942). 

(13) Microanalyses by Galbraith Microanalytical Lab- 
oratories, Knoxville, Tenn. 

(14) Only those fractions whose viscosities agreed within 
0.3y0 were combined as high purity material. 

(15) C. W. Ralston, Fatty Acids and Their Derivatives, 
John Wiley and Sons, New York, 1948, p. 323. 

(16) The packed section of this column is 90 cm. long 
with an inside diameter of 25 mm. and is packed with 0.24 X 
0.24 inch protruded metal packing. The efficiency is esti- 
mated to  be approximately 15 theoretical plates. 
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(c) Decanoyl chloride was prepared by reaction of n- 
decanoic acid with thionyl chloride a t  25". Yield of product 
obtained upon distillation of the reaction mixture through a 
Claisen head was 94.7%; b.p. 133"/30 mm. 

(d) Octadecanoyl chloride was prepared by the reaction of 
octadecanoic acid with phosphorus pentachloride. The 
crude acid chloride, after removal by distillation of the phos- 
phorus oxychloride, was used for the subsequent acylations. 

(e) i,$Di"ethylbenzene. Oronite Chemical Company p- 
xylene was purified by fractional distillation through a glass- 
helices packed column having 40 theoretical plates: b.p. 
138"/745 mm., ny 1.4931, Zm 0.748 cs; reported:17 b.p. 
138.35/760 mm.; n y  1.49325: Za 0.748 cs. 

(f) i,S,6-Tn"ethylbenzee. Matheson, Coleman and Bell 
Chemical Co. mesitylene was purified by fractional distilla- 
tion through a column having 100 theoretical plates: 
n'," 1.4967, Zm 0.813 cs, b.p. 164"/24 mm.; reported:17 n y  
1.49684. 

1,s-Didecylbenzene. Decanoyl chloride (1718 g., 9.01 
moles) was stirred with a suspension of anhydrous alumi- 
num chloride (1370 g., 10.27 moles, Allied Chemical and 
Dye Co.) in thiophene-free benzene (1300 g., 16.7 moles) 
for 4 hr. a t  25". Hydrolysis over cracked ice followed by dis- 
tillation of the hydrolysis product through a "solids high 
vacuum column"16 gave 1653 grams (78.9%) of nonyl 
phenyl ketone: m.p. 34.3", 2,4dinitrophenylhydrazone, 
m.p. 108.7-109.2". 

Reduction of the ketone by the modified WoM-Kishner 
reaction' followed by fractional distillation of the reduction 
product through a 40 plate column gave 1029 grams (74.lyO) 
of decylbenzene: b.p. 158"/9 mm. n y  1.4812, Zm 4.45 cs; 
reported'*17 n y  1.48112, Zm 4.44. The infrared spectrum waa 
identical with an authentic sample kindly supplied by Pro- 
fessor Cecil Boord of the Ohio State University. A typical 
disproportionation waa conducted as follows: Decylbenzene 
(253.2 g., 1.16 moles) and aluminum bromide (Fisher Scien- 
tific Co., 199.1 g., 0.75 mole) were cooled to 0" and anhy- 
drous hydrogen bromide (Matheson Co., 29.9 g., 0.37 mole) 
was bubbled into the hydrocarbon-aluminum bromide mix- 
ture while stirring. The mixture was stirred for 40 hr. a t  0" 
to  yield a mixture of benzene, decylbenzene, l13-didecyl- 
benzene and a small quantity of l+didecylbenzene. Frac- 
tional distillation of the disproportionation product through 
a spinning band column18 gave a 48.1% yield of high purity 
l,3-didecylbenzene: (See Table I for propertiea). 

Anal. Calcd. for C2eH~:  C, 87.07; HI 12.93. Found C, 
87.25; H, 12.96. 

1 ,S-Didecylcyclohexane. Hydrogenation of l13-didecyl- 
benzene (208.0 g., 0.58 mole) over a nickel catalyst11 (10% 
by weight) a t  150" and 1900 p.s.i. gave 199.5 grams (94.3%) 
of 1,3-didecylcyclohexane: (See Table I for properties). 

Anal. Calcd. for G6H62: C, 85.63; HI  14.37; MR, 120.5. 
Found C, 85.61; HI 14.46; MR, 120.1. 
.??,5-Dimethyloetadecylbenzene. A solution of aluminum 

chloride (366.8 g., 2.75 moles) in nitrobenzene (2 1.) was 
added slowly with stirring to  a solution of stearoyl chloride 
(644.0 g., 2.13 moles) and p-xylene (227.2 g., 2.14 moles) in 

(17) F. D. Rossini, K. S. Pitzer, R. L. Arnett, R. M' 
Braun, and G. C. Pimental, Selected Values of Physical and 
Thermodynamic Properties of Hydrocarbons and Related 
Compounds, Carnegie Press, Pittsburgh, Pa., 1953. 

(18) This column is manufactured by the Nester-Faust 
Co., Exton, Pa. The packed section is three feet long with an 
internal diameter of 11 mm. The band is a spiral of 300 mesh 
stainless steel screen. 

nitrobenzene (1 liter). The reaction mixture was stirred a t  
0" for 4 hr. After hydrolysis on cracked ice, the organic layer 
was fractionally distilled through a spinning band column, 
(h.p. 185"/0.25 mm).18 After one recrystallization from 95% 
et>hanol the yield of 2,5-dimethyloctadecanoylbenzene was 
492.1 grams (62.1%); m.p. 58.0-58.5". 

Anal. Calcd. for C2eHd10: C, 83.80; H, 11.90, Found C, 
84.15; H, 11.64. 

Reduction of 2,5-dimethyloctadecanoylbenzene by the 
modified Wolff-Kishner reaction8 gave 345.2 grams (72.4y0) 
of 2,5-dimethyloctadecylbenzene: (See Table I for proper- 
ties). 

Anal. Calcd. for C2eH4,: C, 87.07: H, 12.93. Found: C, 
87.13; H, 12.94. 
2,5-Dimethyloctadecylcycl~hexane. Hydrogenation of 2,5- 

dimethyloctadecylbenzene (294.0 g., 0.82 mole) over a 
nickel catalyst11 (10% by weight) a t  200" and 2500 p.s.i. 
gave 289.2 grams (96.5y0) of 2,5-dimethyloctadecylcyclo- 
hexane: (See Table I for properties). 

Anal. Calcd. for C2&&2: C, 85.63; H, 14.37; MR, 120.4. 
Found: C, 85.75; H,  14.35; MR, 120.1. 
1,~,6-TrzmethyloctadecyEbezene. Acylation of 1,3,5-tri- 

methylbenzene (144.2 g., 1.2 moles) with stearoyl chloride 
(365.5 g., 1.2 moles), following the procedure described for 
the acvlation of 1,4-dimethylbenzene gave 346.5 grams 
(74.3%) of 2,4,6-trimethyloctadecanoylbenzene: b.p. 178O/ 
0.23 mm., m.p. 50.9-51.5'. 

Anal. Calcd. for C27H4e0: C, 83.87; H, 11.99. Found: C, 
83.71; H, 11.99. 

.??,4,6-Trimethyloct&canoylbenzene (489.2 g., 1.26 moles) 
was reduced to the corresponding alcohol by stirring with 
lithium aluminum hydride (17.8 g., 0.47 mole, Metal Hy- 
drides. Inc.) in anhydrous diethyl ether a t  the reflux tem- 
perature for 20 hr. After decomposition of the excess hydride 
by slow addition of an ether-methanol-water (1 : 1 : 1) solu- 
tion and coagulation of the aluminum hydroxide by refluxing 
for an hour the ether solution was decanted. The alcohol was 
obtained as white needles by cooling the ether solution to  
- 10". The vield of 1-(2,4,6-trimethylpentyl)-l-octadecanol 
was 478.1 grams (97.6%); m.p. 61.5-62.0'. The alcohol was 
dehvdrated to 1-(2,4,6-trimethylphenyl)-l-octsdecene in 
98.0y0 yield by passage over activated alumina a t  340-360" 
and ca. 1 mm. pressure. Hydrogenation of the olefin over 
copper chromite catalyst (10% by weight) a t  150" and 
2000 p.s.i. gave a 96.5% yield of 2,4,6-trimethyloctadecyl- 
benzene. The hydrocarbon was purified by one crystalliza- 
tion from hexane: (See Table I for properties). 

Anal. Calcd. for Ct7Ha8: C, 87.02; H, 12.98. Found: C, 
86.81; H, 13.03. 
1,4,6-Tn"ethyloctadecylcyclQhexane. Hydrogenation of 1- 

(2,4,6-trimethylphenyl)-l-octadecene (397.3 g., 1.07 moles) 
over a nickel catalyst11 (10% by weight) a t  195" and 1650 
p.s.i. gave 394.3 grams (97.3%) of 2,4,6trimethyloctadecyl- 
cyclohexane: (See Table I for properties). 

Anal. Calcd. for C8HH: C, 85.63; H, 14.37; MR, 125.0. 
Found: C, 85.51; HI 14.26; MR, 124.7. 
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