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National Research Council does not possess the necessary resolu-
tion for sorting the spectra of the 2,4-dinitrophenylhydrazones.
A system in which the cards are punched every 0.1 micron, how-
ever, is satisfactory.
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Preparation and Properties of Some Methylated Indans

JACOB ENTEL, CLARENCE H. RUOF, AxD H. C. HOWARD
Coal Research Laboratory, Carnegie Institute of Technology, Pittsburgh, Pa.

Analysis of mixtures of methylated indans with polymethylbenzenes requires a
knowledge of the methylated indans which heretofore has not been well estab-

lished.

In this work a group of authentic methylated indans have been synthe-

sized and purified; the physical properties, including infrared and ultraviolet
spectra, have been measured. The determination of these properties permits
definite characterization of methylated indans.

N RECENT studies on the nuclear structure of the water-
soluble polycarboxylic acids from the oxidation of bituminous
coals, the esters of the coal acids have been subjected to hydro-
genolysis to convert the carbalkoxy groups to methyl groups (18).
The resulting methylated compounds have been fractionally dis-
tilled in precision columns and the expected di-, tri-, and tetra-
methylbenzenes have been isolated and definitely characterized.
In addition to these polymethylbenzenes, however, other aro-
matic and saturated hydrocarbons and oxygenated compounds
are also present.

A number of the properties of the methylated bicyclic aromatics
overlap those of the methylated benzenes. To aid in the charac-~
terization of such bicyclic aromatics in mixtures with polymethyl-
benzenes, information on the properties of the simpler methylated
bicyelics is desirable. As infrared spectra have proved to be of
great value in the identification of hydrocarbons in mixtures, the
primary aim of the work was to obtain such spectra. The present

paper deals with the preparation and properties of a group of
methylated indans. The indans were synthesized by conventional
methods, purified by fractional distillation in columns of 50
theoretical plates, and subjected to physical measurements,
Physical properties are shown in Table I, ultraviolet spectra in
Figure 1, and infrared spectra in Figures 2 to 11. The infrared
spectra appear to be a very effective means of identifying methyl-
ated indans in mixtures of close-boiling polymethylbenzenes.

PREPARATION OF SAMPLES

Indene, indan, and cis-hexahydroindan were samples previously
described (6).

1-Methylindan. Seventy-three grams of 3-methyl-1-indanone,
prepared as described by Koelsch et al. (10), was reduced by the
Clemmensen method (12, 13). The yield of 1-methylindan was
34.6 grams or 52.4%,.

2-Methylindan.  As outlined by Dox and Yoder (&), 568
grams (3.46 moles) of e-methylhydrocinnamic acid was prepared
as follows: Benzyl chloride (632 grams, 5
moles) was added to 847 grams (4.87
moles) of the diethyl ester of methyl-

Table I. Physical Properties of Samples

malonic acid (14) and 115 grams of sodium
in ethanol solution, and the resulting di-

Molar ethyl benzylmethylmalonate (4) was
Specific Refraction saponified to the dibasic acid, whx_ch was
Sample Boiling Point, ° C. n% dzs Refraction Obsd.  Caled. then decarboxylated b_y rgﬁuxmg at
Indene 181.8 4t 739.5 mm.  1.5730  0.9940  0.3316  38.52  37.49 100 mm. The monobasic acid was con-
Indan hvdroind %gi a% ;ggg mm. 1.5355 8 gggg 8'%?%% gsgg 37 gs verted to 596 grams (13.27 moles) of a-
cis-Hexahydroindan .la .2 mm. 1.4698 . 9. 9.36 -1Thv i 1 - .
1-Methylindan 18952t 739 2 mm,  1.5241  0.9384  0.3261  43.11 42,58 metht) H}}t‘ériggnarlnob} Ct}llll'omif b% ]trggt
2-Methylindan 190.3 at 739.2 mm. 1.5193 0.9411 0.3227 42.66 42.58 Ing i1t wi mi. o 1onyt chloride.
4-Metﬂy%ingan 385.3 at 748.5 mm. 1‘5322 0.9662 0.329? 45.%1 42.58 In the presence 01;11600 grams of anhy-
5-Methylindan 1.1 at 740.5 mm. 1.5311 0.9442 0.32 43.32 42.58 i i i .
1,2-Dimethylindan 204,82t 740 5 mm,  1.5170  0.0264  0.3265  47.74  47.20 grous alufgf;-num Si oﬁide-dn 150? mdl fc)f
1,3-Dimethylindan 202.3 at 740.5 mm. 1.5147 0.9252 0.3258  47.64  47.20 enzene this acida chloriae cyclizea to
1,6-Dimethylindan 210.9 at 740.0 mm. 1.5209 0.9289  0.3278  47.93  47.20 433 grams (2.97 moles) of 2-methyl-1-

(Continued on page 1310)
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Figure 1. Ultraviolet Spectra in Iso-octane Solution
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indanone (3). This ketone (146 grams or 1 mole) was reduced
by the Clemmensen method (12, 17) to 87 grams (0.66 mole) of
2-methylindan.

4-Methylindan. Eighteen grams of 4-methylindan was pre-
pared by the method of Hickenbottom et al. (9).

5-Methylindan. 5-Chloromethylindan (245 grams, 1.47 moles)
was prepared from 360 grams (3.05 moles) of indan by the
method described by Arnold (2). It was then reduced catalyti-
cally over palladium on charcoal to 150 grams (1.13 moles) of 5-
methylindan as described by Plattner and Roniger (16).

1,2-Dimethylindan. Two hundred and four grams of 2-methyl-
l-indanone (1.40 moles) (cf. above) was converted to 1,2-di-
methyl-1-indanol by reaction with methyl magnesium iodide as
described by Plattner and Wyss (17). The tertiary alcohol was de-
hydrated over activated aluming at 300° C. and the resulting
olefin was hydrogenated over palladium on charcoal catalyst to
produce 150 grams (1.03 moles) of 1,2-dimethylindan.

1,3-Dimethylindan, As described by Plattner et al. (15), 367
grams (2.51 moles) of 3-methyl-l-indanone was converted to 1,3-
dimethyl-1-indanol by reaction with methyl magnesium bromide.
The tertiary alcohol was dehydrated over activated alumina at
300° C.; the olefin was hydrogenated over palladium on charcoal
catalyst to yield 215 grams (1.47 moles) of 1,3-dimethylindan.

1,6-Dimethylindan. 3,5-Dimethyl-1-indanone was prepared in
a manner similar to that of Hart and Tebbe (8). A solution of
327 grams (3.15 moles) of crotonyl chloride, 276 grams (3.0 moles)
of toluene, and 375 ml. of carbon disulfide was added over 1 hour
to a solution of 480 grams (3.6 moles) of anhydrous aluminum
chloride in 1875 ml. of carbon disulfide. After 3 hours of stirring
at room temperature, the carbon disulfide was distilled in vacuo.
To the oily residue was added 3750 ml. of concentrated sulfuric
acid, and the mixture was heated at 90° C. for 45 minutes, then
cooled to room temperature and decomposed by pouring over ice.
The resulting crude ketone was recovered by exhaustive extrac-
tion with ether and subsequent distillation of the ether.

The crude ketone was then reduced by the Clemmensen
method (12) and the product was carefully fractionated in several
batches in a column of 50 theoretical plates. Fractions with the
same ranges of boiling points and refractive indices were com-
bined as follows:

B.P., 740 Mm. 25
Fraction (Uncorr.), ° C, np Grams
A 205.0 to 208.0 1.5005 to 1.5206 23.4
B 208.0 1.5209 102.5
C 208.0 1.5210 8.4
D 208.0 to 208.4 1.5213 to 1.5219 21.5

Fraction B was proved to be 1,6-dimethylindan by oxidation
with alkaline permanganate to trimellitic acid (1,2,4-benzenetri-
carboxylic acid) which was characterized as its anhydride,
melting point 165-167° C. (19). The other fractions were not in-
vestigated for the presence of 1,4-dimethylindan, which on oxida-
tion would give hemimellitic acid (1,2,3-) and which would appear
if the toluene had been alkylated on the ortho as well as the para
position. In both cases the methyl group on the 1”’-position is
established by the method of synthesis from crotonyl chloride.

PROPERTIES OF SAMPLES

Each of the samples was carefully fractionated in a column of 50
theoretical plates; a middle portion of the material of constant
boiling point and constant refraction was then used for the
measurements of physical properties, In the absence of calori-
metric measurements & quantitative estimation of the amount
of impurity is uncertain. On the basis of method of synthesis and
careful fractionation it is believed that all the samples have a
purity of at least 95 mole %. However, the samples of 1,2- and
1,3-dimethylindan may consist of mixtures of both cis and trans
forms.

Boiling Points. The boiling points were determined in a semi-
micro-Cottrell boiling point apparatus constructed as described by
Willard and Crabtree (20), except that the thermopile was re-
placed by a single-junction iron-constantan thermocouple with a
Type K Leeds and Northrup potentiometer for e.m.f. measure-
ments. The melting point of standard temperature tin sample

ANALYTICAL CHEMISTRY

42C, measured with this thermocouple and potentiometer, was
found to be 232.0° C.; this sample was certified by the National
Bureau of Standards to melt at 231.87° C. The ambient pressures
were measured with a Taylor temperature-compensated aneroid
barometer.

Densities and Refractive Indices. Densities were determined
in a 5.4-ml. Sprengel-Ostwald type pycnometer and refractive in-
dices on a Zeiss Abbe type refractometer No. 37489. In both
cases the temperatures were maintained to +=0.2° C. by a Pre-
cision Scientific Co. constant temperature bath and circulating
system. The specific refractions were obtained using the Lorentz-
Lorenz equation. The molar refractions were caleulated from the
theoretical values of Auwers and Eisenlohr and show exhaltations
expected for aromatic polycyclics (11).

Spectra. Absorption spectra were run on the Baird infrared
and Cary ultraviolet recording spectrophotometers of the Mellon
Institute, Pittsburgh, Pa. The term, log ¢, used in the ultraviolet
spectra, Figure 1, refers to the logarithm of the molar extinction
coefficient. The stray energy for the Baird infrared spectropho-
tometer as determined with a Fluorite plate in the sample beam
path was 09, transmittance from 2.0 to 12.0 microns. From 12.0
to 14.15 microns the stray energy rose linearly from 0 to 5%
transmittance and from 14.15 to 16.0 microns it increased linearly
but with greater slope from 5 to 529, transmittance.

A few of the absorption spectra have appeared elsewhere; among
the most notahle are those from API Research Project No. 44 (1)
and those of Felgett et al. (7).

ACKNOWLEDGMENT

The assistance of Joseph B. Simsic and Daniel T. Muth of this
laboratory is gratefully acknowledged.

LITERATURE CITED

(1) American Petroleum Institute, “Catalog of Infrared Spectral
Data' and “‘Catalog of Ultraviolet Spectral Data,’” Research
Project No. 44, Carnegie Institute of Technology, Pittsburgh,
Pa.

(2) Arnold, R. T., J. Am. Chem., Soc., 61, 1405-6 (1939).

(3) Auwers, K. Von, and Auffenberg, E., Ber., 52B, 92-113 (1919).

(4) Conrad, M., and Bischoff, C. A., 4dnn., 204, 177-203 (1880).

(5) Dox, A, and Yoder, L., J. Am. Chem. Soc., 44, 1141-5 (1922).

(6) Entel, J., Ruof, C. H., and Howard, H. C., Axar. CrEM,, 25,
616-18 (1953).

Felgett, P. B., Harris, G. P., Simpson, D. M., Sutherland,
G. B. B. M., Thompson, H. W., Whiffen, D. H., and Willis,
H. A., “Infrared Spectra of Some Pure Hydrocarbons,” Re-
port XI, Institute of Petroleum Research Committee, Hydro-
carbon Research Group, Universities of Oxford and Cam-
bridge, February 1946,

(8) Hart, R. T., and Tebbe, R. F., J. Am, Chem. Soc., 72, 3286~7
(1950).
(9) Hickenbottom, W, J., Porter, C. R., Edwards, F., Schliichterer,
E., and Spitzer, F., J. Inst. Petroleum, 35, 621-30 (1949).
(10) Koelsch, C. F., Hochman, H,, and LeClaire, C, D., J. Am. Chem.
Soc., 65, 59 (1943).
(11) Leermakers, J. A., and Weissberger, A., “Organic Chemistry,”
ed, by H. Gilman, 2nd ed. p. 1752, New York, John Wiley &
Sons, 1947,
(12) Martin, E. L., "*Organic Reactions,” ed. by Roger Adams, Vol. I,
p. 165, New York, John Wiley & Sons, 1942,
(13) Nenitzescu, C. D., and Cioranescu, E., Ber., 69, 1040-1 (1936).
(14) “Organic Syntheses,” Collective Vol. II, p. 279, New York,
John Wiley & Sons, 1943,
(15) Plattner, P. A., Furst, A., and Jirasek, K., Helv. Chim, Acta, 30,
1320-9 (1947),
(16) Plattner, P. A., and Roniger, H., Ibid., 25, 590—4 (1942).
(17) Plattner, P. A., and Wyss, J., Ibid., 24, 483-02 (1941).
(18) Ruof, C. H., Savich, T. R., and Howard, H, C., J. Am. Chem,
Soc., 73, 3873-9 (1951).

(19) Spath, E., and Kuffner, F., Ber., 64, 375-6 (1931).

(20) Willard, M. L., and Crabtree, D. E., INp. Enc, CHEM., ANAL,
Ep., 8,79 (1936).

(7

N

RECEIVED for review February 8, 1953, Accepted June 15, 1953.



