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(b) Measurement and Computation.—Refractive indices,
n, were measured on benzene solutions of the substances in
an Abbe precision refractometer. The measurement of di-
electric constants e and densities d, as well as the computa-
tion of the molar refractions and polarizations from the
slopes of the lines depicting €, #, and d versus weight frac-
tion have been described before.?® The variations in the

approximate error in RPg,. given in each case are due mainly
to differences in the range of the solute concentrations.

(28) E. D. Bergmann, A. Weizmann and E. Fischer, THIS JOURNAL,
72, 5009 (1950); E. Fischer, J, Chem. Phys., 19, 395 (1951).
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Dicyclic Hydrocarbons. VI

1,2,3,4-Tetrahydronaphthalene and

1-Alkyl-1,2,3,4-tetrahydronaphthalenes
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Methods of synthesis and purification as well as physical properties are presented for four 1-alkyl-1,2,3,4-tetrahydronaph-

thalenes along with the physical properties of 1,2,3,4-tetrahydronaphthalene.

The boiling point, refractive index, density,

net heat of combustion and kinematic viscosities at four different temperatures are given for each compound, Two com-
pounds, 1-butyl-1,2,3,4-tetrahydronaphthalene and 1-pentyl-1,2,3,4-tetrahydronapthalene, are described for the first time.

In connection with an investigation of aviation
fuel components carried out at this Laboratory,
several series of dicyclic hydrocarbons have been
synthesized and purified. Among the compounds
previously described, for example, have been the
diphenyl- and dicyclohexylbutanes.! For the pur-
pose of correlating the physical properties with
molecular structure, it was deemed desirable to ex-
tend this study to the fused dicyclic system. The
preparation of l-alkylnaphthalenes has been re-
ported upon earlier.? In this paper 1,2,3,4-tetra-
hydronaphthalene and four of its homologs are
described. The latter hydrocarbons are 1-methyl-,
l-ethyl-, 1-butyl- and l-pentyl-1,2,3,4-tetrahydro-
naphthalene., Of these, the 1-butyl- and 1-pentyl-
compounds are reported for the first time, The
other compounds in this series were synthesized in
order to obtain a consistent set of precise physical
constants on highly purified samples of these struc-
turally related hydrocarbons. Although all of the
1-alkyl-1,2,3,4-tetrahydronaphthalenes are capable
of optical activity, no attempt was made to resolve
racemic mixtures,

Among the reported syntheses of 1-methyl- and
l-ethyl-1,2,3,4-tetrahydronaphthalene in which the
alkyl substitutents are unequivocally attached to
the indicated position in the saturated ring portion
of the molecule have been those of Darzens? and of
Bogert, Davidson and Roblin.* These procedures
involve the formation of the aliphatic ring by the
cyclization of a variety of alkyl benzene derivatives
of appropriate chain length.

Since it was the object of the present research to
prepare the desired hydrocarbons on such a scale
that approximately 500-ml. quantities would be
available after the final distillation, the ring closure
method was not considered a suitable procedure be-
cause low over-all yields were anticipated. A syn-
thesis was sought which did not involve the initial

(1) K. T. Serijan and P. H. Wise, THIS JOURNAL, T4, 365 (1952).

(2) H.F. Hipsher and P. H. Wise, National Advisory Committee for
Aeronautics, Technical Note 2430, Cleveland (1951).

(8) G. Darzens, Compt, rend., 188, 748 (1926).

(4) (a) M. T. Bogert, D, Davidson and R. O. Roblin, Jr., Tars

JournaL, 856, 248 (1934); (b) R. O. Roblin, Jr.,, D. Davidson and
M., T, Bogert, ibid., 87, 151 (1935).

preparation of a relatively complex alkyl benzene
derivative for each desired hydrocarbon but which
instead permitted the use of a single starting mate-
rial with a preformed fused ring system. An effec-
tive synthetic route was found in the method of
Hock and Lang® modified by substitution of cataly-
tic hydrogenation for the sodium-pentanol reduc-
tion used by these authors. Thus, it was possible
to prepare the desired homologs of 1,2,3,4-tetrahy-
dronaphthalene conveniently.

The preparation of 1-methyl-, 1-ethyl-, 1-butyl-
and 1-pentyl-1,2,3,4-tetrahydronaphthalene in-
volved the reactions of methyl-, ethyl-, butyl- and
pentylmagnesium bromide, respectively, with 1-
tetralone. The resultant Grignard complexes
were decomposed to yield tertiary alcohols, the 1-
alkyl-2,3,4-trihydronaphthalene-1-ols. These car-
binols were dehydrated to the corresponding olefins.
Selective high pressure hydrogenation of the
olefinic bond afforded the desired hydrocarbon.

The final purification of the 1l-alkyl-1,2,3,4-te-
trahydronaphthalenes consisted of fractional dis-
tillation of each product in six-foot Podbielniak col-
umns.® The individual fractions were percolated
through columns of activated silica gel prior to the
determination of all physical constants. Only
those fractions exhibiting constancy of both refrac-
tive index and density were combined for analyses
and for the determination of precise physical con-
stants, The physical constants, particularly those
which, like the density, exhibit large variation with
slight traces of impurities, were measured on sam-
ples of the products immediately after final pas-
sage through silica gel to obviate the effects of pos-
sible air-oxidation.

The parent hydrocarbon of this series, 1,2,3,4-te-
trahydronaphthalene, was obtained from commer-
cial sources. This material was fractionally dis-
tilled in a 30-foot column two inches in diameter,

(5) H. Hock and Shon Lang, Ber., T5B, 300 (1942).

(6) (a) G. H. Sugimura and T, W. Reynolds, paper presented before
the Division of Physical and Inorganic Chemistry of the New Vork
Meeting of the XITth International Congress of Pure and Applied
Chemistry, Abstracts, 607 (1951); (b) T. W. Reynolds and G. H

Sugimura, National Advisory Committee for Aeronautics, Technical
Note 2342 Cleveland (1951).
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TABLE 1
PROPERTIES OF 1-ALKYL-1,2,3,4-TETRAHYDRON APHTHALENES
Net heat
of com-~
B.p., bustion,®
Alkyl °C. keal,/ .~ Kinematic viscosity,? Analyses, %
sub- at 760 420, mole centistokes Carbon Hydrogen
stituent mm. n20p g./ml, at 25° 32°F. 100°F. 140°F. 210°F, Caled. Found Caled. Found
(None)® 207.41 1.5415 (.96935 1275 3.59 1.66 1.20 (0.79)d 90.85 90.80 9.15 9.16
1-Methyl 220.54 1.5353 .95825 1425 5.08 2.05 1.42 .88 90.35 90.39 9.65 9.70
1-Ethyl 239.46 1.5318 .95285 1570 6.18 2.25 1.54 .93 89.93 89.90 10.06 10.10
1-Butyl 273.00 1.5218 .93418 1860 12.54 3.48 2.20 1.22 89.29 89.18 10.71 10.69
1-Pentyl 289.49 1.5178 .92705 2010 16.91 4.30 2.59 1.39 89.04 88.99 10.96 11.02

¢ A.S.T.M. procedure D240-39.
using A.S.'T.M. procedure D445-46T.

® Determined in viscosimeters calibrated with N.B.S. Standard viscosity samples and
¢ The only crystallizable compound in this series was tetralin (1,2,3,4-tetrahydro-

naphthalene): f.p. —35.82°; heat of fusion, 3.75 kcal./mole (calculated from data selected from Mair and Streiff, J. Re-

search Natl, Bur. Standards, 27, 343 (1941)); estimated purity, 99.9 mole %.

¢ Extrapolated value, since flow rate in vis-

cosimeter was higher than that called for in A.S.T.M. procedure D445-46T.

packed with 1/,-inch Berl saddles.® Heart frac-
tions of distillate with constant refractive index
were combined for further purification. The steps
of the purification included treatment with ferrous
ammonium sulfate to remove any traces of tetralin
hydroperoxide which might have been present,
washing, drying, percolation through activated sil-
ica gel, and final fractional distillation in a six-foot
Podbielniak column. The fractions of the final
distillation were combined on the basis of constancy
of refractive index, density and freezing point.
Physical properties were determined after a final
passage of the hydrocarbon through activated silica
gel.
Since it was not possible to crystallize any of the
l-alkyl-1,2,3,4-tetrahydronaphthalenes and thus
obtain time—temperature curves for calculation of
mole per cent. impurities, an estimate of the purity
of the hydrocarbons reported herein could not be
made according to the freezing point method of
Glasgow, et al.”

The purity of these hydrocarbons may be as-
sessed qualitatively from a consideration of several
factors. The methods of synthesis and the nature
of the purification techniques employed were com-
parable to those that have comnsistently afforded
products of 99.5 mole per cent. purity or better both
at this and at other laboratories. Furthermore,
the quantities of reagents used permitted the isola-
tion of a great number of small distillation frac-
tions with constant physical properties, thus facili-
tating effective separation of the desired product
from small amounts of impurities. On this basis it
appears probable that the 1l-alkyl-1,2,3,4-tetrahy-
dronaphthalenes here described are of the order of
99 mole per cent. pure. The value of 99.9 mole
per cent. for the purity of 1,2,3,4-tetrahydro-
naphthalene was determined by the method of
Glasgow, et al.”

The physical properties of the five hydrocarbons
are listed in Table I. The boiling points, refractive
indices, densities, net heats of combustion, and kine-
matic viscosities at four selected temperatures were
determined by procedures previously described.®
Many of these values are being reported for the
first time.

(7) A. R. Glasgow, A. J. Streiff and F. D. Rossini, J. Research Natl.
Bur. Standards, 85, 355 (1945).

(8 I. A, Goodman and P.
(1950).

H. Wise, Tris JournarL, 72, 3076

Experimental

Purification of 1,2,3,4-Tetrahydronaphthalene.—In «
column 30 feet long, two inches in diameter, packed with
1/,inch Berl saddles, 25 kg. of commercial tetralin (Fine
Chemicals Division, E. I. du Pont Co.) was distilled. Four
kilograms of the heart fractions of constant refractive index
material was taken for further purification.

After treatment with an excess of a solution of ferrous
ammonium sulfate, the hydrocarbon was washed well with
water and dried over successive portions of dried magnesium
sulfate. The material was then passed through several
columns of activated silica gel and finally fractionally dis-
tilled in a six-foot Podbielniak column. Fractions of con-
stant refractive index, density and freezing point were com-
bined and again passed through silica gel.

1-Ethyl-2,3,4-trihydronaphthalene-1-ol and its Dehydra-
tion.—Two duplicate preparations were carried out simul-
taneotsly as follows: To 146 g. (6.0 g. atoms) of magnesium
turnings covered with one liter of absolute ether were added
a few drops of ethyl bromide. After the start of the reac-
tion had been assured, a solution of 654 g. (6.0 moles) of
ethyl bromide in 800 ml. of absolute ether was added drop-
wise with vigorous stirring over a period of approximately
three hours, maintaining the reaction mixture at 20° during
this time.

After the reaction mixture had been stirred for an addi-
tional hour, while maintaining the reaction temperature
between 20 and 25°, 730 g. (5.0 moles) of 1-tetralone (Edcan
Laboratories, #%p 1.5703) in 1000 ml. of absolute ether was
added over a period of 1.5 hours, with stirring. Upon com1-
pletion of the addition, the reaction temperature was raised
to between 25 and 35° and maintained at that temperature
for another 2.5 hours. The reaction mixture was allowed
to stir at room temperature for an additional 16 hours.

Addition of an excess of a saturated aqueous ammonium
chloride solution effected decomposition of the Grignard
complex. The precipitate was separated and treated fur-
ther with dilute hydrochloric acid. This treatment caused
the formation of an organic phase which was separated and
washed with a dilute alkaline solution. After drying with
anhydrous potassium carbonate, the material was distilled
at reduced pressure (b.p. 104 to 111° at 2 mm.). Some
evidence of dehydration was noted. The distillate had a
7n2p range of 1.5527-1.5614.

The ether solution from the original decomposition was
washed with a sodium carbonate solution and with water,
and dried over anhydrous potassium carbonate. After re-
moval of the solvent by distillation at atmospheric pressure,
the residue was distilled at reduced pressure. The bulk of
the distillate, #2p 1.5503-1.5512, was combined with the
material reported above from the decomposition of the salts.
Boiling range of this crude 1-ethyl-2,3,4-trihydronaphtha-
lene-1-ol was 104 to 111° at 2 mm. pressure.

The combined product from this and the duplicate prepa-
ration was dehydrated, using 50 g. of anhydrous cupric
sulfate as a catalyst. This dehvdration was considerably
facilitated by stirring the reaction mixture with a ‘“Tru-
bore’’ stirrer {(Ace Glass Company) while maintaining a tem-
perature of 150° at 30 mm. pressure. The majority of the
water was collected in a trap cooled with a Dry Ice—acetone
mixture. The product, presumably a mixture of 1-ethyl-
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3,4-dihydronaphthalene and 1-ethylidine-2,3,4-trihydro-
naphthalene, was filtered from the catalyst and then rapidly
distilled through a short column. Fractions with #p
1.5730 to 1.5711 were combined (b.p. 72 to 76° at 1 mm.
pressure). The yield of distillate from two preparations
was 1082 g. (6.8 moles, 687, of theory, based on 1-tetralone).
Treatment of individual fractions with activated silica gel
had no significant effect on the refractive indices. The in-
frared spectrum of the combined sample indicated the ab-
sence of detectible amounts of any unreacted alcohol and of
1-ethylnaphthalene, a possible dehydrogenation product.

1-Ethyl-1,2,3 4-tetrahydronaphthalene.—The hydrogena-
tion of 1082 g. (6.8 moles) of the olefinic product was carried
out in a rocking autoclave of approximately 4.5-1. capacity
at 200°, at an initial pressure of 3000 p.s.i. of hydrogen using
approximately 109, by weight of barium-promoted copper
chromite as catalyst. The hydrogenation was completed
in about one hour. The product was filtered from the
catalyst. Treatment of the catalyst with refluxing ethanol
afforded substantial quantities of hydrocarbon that had
been adsorbed on the catalyst.

The hydrocarbon was fractionally distilled at approxi-
mately 50 mm. of pressure. The fractions of the distillate
within the refractive index range of 1.5313 to 1.5322 were
combined (785 g.) and refractionated in a six-foot Podbiel-
niak column at 20 mm. pressure with a reflux ratio of ap-
proximately 200 to 1.

For combination of fractions from the final distillation,
uniformity of composition was determined by constancy of
refractive indices and densities of individual fractions.

After passage through columns of activated silica gel,
340 g. (3.4 moles) of high purity 1-ethyl-1,2,3,4-tetrahydro-
naphthalene was obtained (yield 34%, of theory, based on
1-tetralone).

Summary of Preparations of 1-Alkyl-1,2,3,4-tetrahydro-
naphthalenes.—The details of the syntheses of the other
hydrocarbons characterized in this report are essentially
analogous to those described for the typical case of the prepa-
ration of 1l-ethyl-1,2,3,4-tetrahydronaphthalene. In each
instance, the Grignard reagent obtained from six moles of
the appropriate halide was treated with five moles of 1-
tetralone. Because of a general tendency of the resulting
carbinols to dehydrate even on simple distillation, these
materials were not highly purified prior to the dehydration
step. The olefin mixture was hydrogenated in the presence
of approximately 10% by weight of a barium-promoted
copper chromite catalyst. No solvents were added to the
hydrogenation charges, except in the case of the preparation
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charge of 1230 ml. of olefins was reduced in the presence -of
270 ml. of water-free dioxane. Initial hydrogen pressures
were between 1800 and 3000 p.s.i., reaction temperatures
between 190 and 210°. The purification procedures were
also essentially similar to those employed for 1-ethyl-1,2,3,4-
tetrahydronaphthalene. The experimental details are sum-
marized in Table II.

TaBLE II

SUMMARY OF EXPERIMENTAL DETAILS FOR THE PREPARA-
TION OF 1-ALKYL-1,2,3,4-TETRAHYDRONAPHTHALENES

Over-
Wt. all

of yield

Wt. prod- based

B.p. of uct on 1-

Alkyl range, ole- iso- tetra-

sub- °C. at fin, lated, Yield, lone,
stituent 1 mm, 720D range g. g. g. o
1-Methyl 65-75 1.5768-1.5752 1102 1028 625 43
1-Ethyl 72-76 1.5730-1.5711 1082 785 540 34
1-Butyl 63-120 1.5740-1.5522 860 723 574 24
1-Pentyl® 94-102 1.5548-1.5479 1183 1125 673 33

o It is recognized that the 1-bromopentane could have
been contaminated with other isomers. The density and
refractive index of the l-bromopentane were d2 1.2206 g./
ml. and #2p 1.4450 as compared with d2%; 1.2160° and »®p
1.4448" in the literature. Data from propyl and butyl de-
rivatives of several homologous series®»®!! show that
branched chain impurities in the final hydrocarbon would
have boiling points sufficiently lower than the boiling point
of the desired compound to be removed by distillation.

Repeated efforts to prepare 1-(2-propyl)-1,2,3,4-tetra-
hydronaphthalene by a similar procedure resulted in ex-
ceedingly small yields of the final product in a state of purity
that was considered too poor to permit inclusion of the com-
pound in the present report.
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Quinone Imides. XXVII. Addition Reactions of Substituted
p-Quinonedibenzenesulfonimides
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Hydrogen chloride, thiophenol and sodium benzenesulfinate add readily to 2-methoxy-p-quinonedibenzenesulfonimide to
give in excellent yield the 2-methoxy diamides with the chlorine, phenylmercapto and benzenesulfone groups in the 5-posi-
tion. The products whose structures were proved by unequivocal syntheses were all readily oxidized to the corresponding
diimides. 2-Chloro-p-quinonedibenzenesulfonimide adds sodium benzenesulfinate to give two isomeric benzenesulfones,
one of which was proved unequivocally to be the 2-chloro-5-benzenesulfonyl-p-phenylenedibenzenesulfonamide. 2-Phenyl-
mercapto-p-quinonedibenzenesulfonimide adds sodium benzenesulfinate to give a high yield of 2-phenylmercapto-x-ben-
zenesulfonyl-p-phenylenedibenzenesulfonamide which upon oxidation with peroxide yields a 2,x-bis-(benzenesulfonyl)-p-
phenylenedibenzenesulfonamide identical with that formed from the addition of thiophenol to 2-phenylmercapto-p-quinone-
dibenzenesulfonimide followed by peroxide oxidation. The orientation was not proved but is probably 2,5. 2-Methyl-p-
quinonedibenzenesulfonimide adds thiophenol and sodium benzenesulfinate to give presumably the 2-methyl-5-phenyl-
mercapto- and 2-methyl-5-benzenesulfonyl-p-phenylenedibenzenesulfonamides, respectively. The former was converted to
the latter by peroxide oxidation.

p-Benzoquinones bearing a single electron-donat-
ing substituent undergo conjugate addition reac-
tions to give predominantly 2,5-disubstituted hy-
droquinone derivatives. Methoxy-p-quinone, for

(1) From portions of a thesis submitted by Thomas E. Young (Sept.,
1952) to the Graduate College of the University of Illinois, in partial
fulfillment of the requirements for the degree of Doctor of Philosophy;
Standard Oil Company of California Research Fellow, 1950-1952.

example, undergoes the Thiele-Winter reaction to
produce a 989, yield of 2-methoxy-1,4,5-triacetoxy-
benzene.? Toluquinone similarly gives good yields
of 2-methyl-1,4,5-triacetoxybenzene,® and adds hy-
drogen chloride to produce chiefly 5-chlorotoluhy-

(2) H. G. H. Erdtman, Proc. Roy. Soc. (London), A148, 177 (1934).
(3) J. Thiele and E. Winter, An#n., 811, 349 (1900).



