
Feb., 1938 SYNTHESIS OF 1,4-DIMETHYLPHENANTHRENE BY CYCLODEHYDRATION METHODS 319 

tions it seems that equation (E) ought to be useful 
for calculating Langmuir isotherms of van der 
Waals adsorption at one temperature from those 
at another. 

TABLE V 

VALUES OF v,a FOR ADSORPTION ISOTHERMS ON CHARCOAL 

I'm, 
C C , / g . 

181.5 
173.0 
215.5 
215.5 
234.6 
179.5 
185.5 
63.0 

Solid 
packing 

677 
646 
746 
746 
767 
665 
707 
545 

Liquid 
packing 

795 
795 
804 
839 
894 
820 
853 
546 

In a recent article, Akin, Stamatoff, and Bo-
gert1 reported the synthesis of 1,4-dimethylphen-
anthrene from ^-xylene by the familiar Pschorr 
reaction, in which they obtained a product quite 
different from that secured from the same initial 
material by Bardhan and Sengupta,2 by another 
series of reactions, and to which the latter investi­
gators assigned the same constitution. 

The experimental results published by Akin, 
Stamatoff, and Bogert indicated, however, that 
the Bardhan and Sengupta hydrocarbon was 
probably the 1,3-dimethyl isomer, previously pre­
pared by Bogert and Stamatoff,3 and by Haworth, 
Mavin, and Sheldrick.4 

At the time, it was suggested by Akin, Stamatoff, 
and Bogert, although they could not rearrange 
their own product to the 1,3-dimethyl isomer by 
selenium fusion, that perhaps something of this 
kind had happened in the final step of the Bard­
han and Sengupta synthesis. We have therefore 
synthesized the 1,4-dimethylphenanthrene by two 
slightly different methods, from ^-xylylethyl 
cyclohexanols, dehydrogenating the resulting 
octahydro compounds by either sulfur or selenium, 

(1) Akin, Stamatoa and Bogert, T H I S JOURNAL, 89, 1268 (1937). 
(2) Bardhan and Sengupta, J. Ckem. Soc, 2520 (1932). 
(3) Bogert and Stamatoff, Rec. irav. chim., 52, 583 (1933). 
(4) Haworth, Mavin, and Sheldrick, J. Chem. Soc, 454 (1934). 

Summary 
1. A critical discussion of the polarization 

theory of multimolecular adsorption is presented. 
I t is shown that the adsorption energy due to 
attraction of dipoles induced into a non-polar gas 
like argon is insufficient to constitute a major por­
tion of the binding energy between adsorbed layers. 

2. Derivation of adsorption isotherm equations 
for multimolecular adsorption are carried out on 
the assumption that the same forces that produce 
condensation are also responsible for multimolecu­
lar adsorption. 

3. Numerous applications of the equations are 
given to experimental adsorption isotherms ob­
tained by other investigators as well as by us. 
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as the final step, and in both cases obtained a 
dimethylphenanthrene whose properties agreed 
with the 1,4- compound of Akin, Stamatoff, and 
Bogert, and without any evidence of the migra­
tion of one of the ^-xylene methyl groups under 
the conditions of our experiments. Our suggested 
explanation of Bardhan and Sengupta's results, 
therefore, is not supported by this evidence. 

These two syntheses were as shown in the chart. 

Experimental 

beta-(£-Xylyl)-ethanol, was prepared from bromo-p-
xyletie and ethylene oxide by the Grignard reaction, 
following the method described by Dreger6 for the syn­
thesis of n-hexyl alcohol, in a yield of 6 1 % and a boiling 
point of 108-111° at 4 mm. On a redistilled sample, 
the physical constants were: b. p. 105-106° at 3 mm., 
d25

4 0.9946, W25D 1.5286, AfD calcd. 46.30, MD obsd. 
46.48. Bardhan and Sengupta, who synthesized it in a 
different way, gave the b. p. as 110-113° at 5 mm. 

Ami- Calcd. for Ci0HnO: C, 79.94; H, 9.39. Found: 
C, 79.64; H, 9.40. 

Phenylurethan.—Small white rosets of thin needles 
from petroleum ether, m. p. 79-79.5° (corr.). 

Anal. Calcd. for C17Hi9O2N: N, 5.20. Found: N, 
5.29. 

beta-(£-Xylyl)-ethyl bromide (I) was obtained from the 
above alcohol and hydrobromic acid, according to the 

(5) Dreger, "Organic Syntheses," Coll. Vol. I1 1932, p. 299. 
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process recommended by Kamm and Marvel6 for the 
preparation of w-octyl bromide; b. p . 107-111° at 6 mm.; 
yield 8 1 % . The physical constants of a redistilled sample 
were: b. p. 105-106° at 4 mm., d2h 1.2802, wa6D 1.5480, 
Mv calcd. 52.54, JIfD obsd. 52.84. Bardhan and Sen-
gupta, whose method of synthesis was not the same as 
ours, found a b. p. of 104-106° at 5 mm. 

Anal. Calcd. for Ci6H18Br: C, 56.33; H, 6.15. Found: 
C, 56.54; H, 6.05. 

l-beta-(£-Xylylethyl)-cyclohexanol-l (II), from the 
bromide (I) and cyclohexanone, via the Grignard reaction, 
Was obtained in a yield of 54% and a b. p. of 160-165° 
at 3-4 mm., for the crude product. Redistilled, its con­
stants were: b. p. 160-162° at 3 mm., d*'\ 0.9994, » 2 6 D 
1.5288, MD calcd. 71.81, JIfD obsd. 71.58. 

Anal. Calcd. for Ci6H24O: C, 82.76; H, 10.43. Found: 
C, 83.17; H, 10.29. 

Phenylurethan.—Tufts of white needles, from methanol; 
m. p. 85-86° (corr.). 

Anal. CaICd-IOrC28H29O2N: N,3.99. Found: N,4.02. 

l-beta-(£-Xylylethyl)-2-methylcyclohexanol-l (III), 
prepared similarly from the bromide (I) and o-methyl-
cyclohexanone, boiled crude at 164-168° at 4 mm.; 
yield, 58%. The constants of a redistilled sample were: 
b. p. 159-161° a t 2 mm., d"h 1.0008, B25D 1.5297, JIfD 
calcd. 76.43, JIfD obsd. 76.04. 

Anal. Calcd. for CnH26O: C, 82.86, H, 10.64. Found: 
C, 83.27; H, 10.55. 

Phenylurethan.—Small thin white needles from petro­
leum ether, m. p. 144-145° (corr.). 

Anal. Calcd. for C24H81O2N: N, 3.81. Found: N, 3.92. 

1,4 - Dimethyl - 5,6, 7 ,8,9,10,13,14 - octahydrophenan-
threne (IV).—When dehydrated by the action of phos­
phorus pentoxide, the p-xylylethyl-cyclohexanol (II) 
gave an 82% yield of hydrocarbon, b . p . 150-154° at 8 
mm. On redistillation, a product was obtained with the 
following constants: b. p. 154-156° at 6 mm., n25D 1.5498. 

(6) Kamm and Marvel, "Organic Syntheses," Coll. Vol. I, 1932, 
p. 28. 

Anal. Calcd. for C16H22: C, 89.65; H, 10.35. Found: 
C, 90.04; H, 10.69, 

During the rectification of the crude product, there 
were indications of the presence of small amounts of 
another substance, presumably the spirane to be ex­
pected as a by-product, but the quantity of material 
available was insufficient for its separation or identifica­
tion. 

1,4,13-Trimethyl-S, 6,7,8,9,10,13,14-octahydrophen-
anthrene (V), prepared similarly, from the methylcyclo-
hexanol ( III) , in a yield of 86% for the crude product 
(b. p. 160-163° at 6 mm.), possessed the following con­
stants when redistilled: b. p. 155-156° at 4 mm., d,5

4 

0.9975, n26D 1.5460, Mn calcd. 72.69, MD obsd. 72.37. 

Anal. Calcd. for C17H24: C, 89.39; H, 10.60. Found: 
C, 89.12; H, 10.80. 

In another series of experiments, the octahydro de­
rivative of the trimethylphenanthrene (V) was dehydro-
genated by fusion with selenium, varying the proportions 
of selenium and hydrocarbon, the temperature (310-350°), 
and the length of heating (twenty-five to forty hours). 
In every case, the crude hydrocarbon obtained gave a 
picrate, m. p. 140° (corr.), in yields of 40-84%. Mix­
tures of this picrate with that secured from the dehydro-
genation product of the dimethyl compound (IV) like­
wise melted at 140° (corr.). 

Anal. Calcd. for C22Hi7O7N8: C, 60.69; H, 3.93. 
Found: C, 60.75; H, 3.84. 

1,4-Dimethylphenanthrene (VI).—A mixture of 3 g. of 
the crude octahydro derivative (IV), b . p. 154-156° at 6 
mm., with 6 g. of selenium, was heated for thirteen hours 
at 340-350°, the product extracted with hot methanol, 
the filtered extract heated to boiling and decolorized 
with Darco. To the hot filtered solution, there was added 
3 g. of picric acid, and 2.8 g. of crystalline picrate was 
obtained. After 3 recrystallizations, this picrate melted 
at 140-141° (corr.). I t was decomposed by boiling with 
sodium hydroxide solution. The hydrocarbon was ex­
tracted with Skelly-solve B, the extract washed with 
water, to remove all picrate, the solvent evaporated and 
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the hydrocarbon crystallized from methanol. The 
crystalline solid thus obtained, m. p. 46-47° (corr.), was 
recrystallized from dilute methanol six times, then the 
warm diluted methanol solution was chilled in a re­
frigerator, and fine long white needles separated, m. p. 
49.5-50° (corr.). On the same thermometer, the Akin, 
Stamatoff, and Bogert1 product melted at 49.5-50.5° 
(corr.) and a mixture of the two at 49.5-50.5° (corr.). 

Anal. Calcd. for Ci6H14: C, 93.15; H, 6.85. Found: 
(a) C, 92.97; H, 7.03. (b) C, 92.96; H, 6.97. 

Analysis (a) was run on the product melting at 46-47° 
(corr.), (b) on that melting at 49.5-50° (corr.). 

The same product resulted when the octahydro de­
rivative (IV) was dehydrogenated by fusion with sulfur 
instead of selenium. 

Picrate.—We have found that the appearance of the 
crystals and the m. p. of this picrate vary with its method 
of preparation and the way in which the m. p. is taken. 

When slightly less than the calculated amount of 
picric acid was added to a methanol solution of the hydro­
carbon, orange-yellow needles separated, m. p. 143.5° 
(corr.), which remelted at the same point. 

Anal. Calcd. for C22Hi7O7N8: C, 60.697; H, 3.93; 
N, 9.64. Found: C, 60.69; H, 4.07; N, 9.80. 

In the presence of a slight excess of picric acid, how­
ever, scarlet flat needles of a picrate were obtained, m. p. 
140° (corr.), whose composition was approximately 
identical with that of the form which melted at 143.5° 
(corr.). 

Anal. Calcd. for C22Hi7O7N3: N, 9.64. Found: N, 
9.85. 

The scarlet color apparently was due to a trace of picric 

(7) Our calculation of the carbon percentage, it will be noted, 
differs slightly from that given by Akin, Stamatoff, and Bogert, 
and shows that their analytical result was even closer to the theoreti­
cal than indicated.—M. T. B. 

In comparison to the corresponding mercury 
derivatives of benzene, toluene, and naphthalene, 
which have been investigated extensively, those of 
biphenyl have received little at tention. 

Michaelis1 prepared p-mono- and p,p'-dimer-
curibisbiphenyl and described the halides of the 
former as melting above 325°. He found it im­
possible to prepare ^,^ ' -biphenyl dimercuric 
chloride from the corresponding mercuribis com­
pound. Using the method of Nesmejanow,2 by 
diazotizing benzidine, precipitating the double 
salt with mercuric chloride and then treat ing with 

(1) Michaelis, Ber., 28, 592 (1895). 
(2) Nesmejanow, ibid., 62B, 1014 (1929), and "Organic Syn­

theses," Vol. XII , p. 54. 

acid for, when these crystals were dissolved in methanol 
and a very small quantity of 1,4-dimethylphenanthrene 
was added, the orange-yellow picrate (m. p. 143.5°, 
corr.) separated. 

In Akin, Stamatoff, and Bogert's description1 of this 
picrate, they recorded it as crystallizing from methanol in 
scarlet plates, m. p. 147-148° (corr.); and Akin, in his 
dissertation,8 stated that it remelted at 140-144°. But 
the sample of this picrate left with us by Dr. Akin con­
sisted of orange-yellow needles, melted sharply at 143.5° 
(corr.) and, when mixed with an equal amount of our own 
product of the same melting point, caused no change in 
that figure. 

On reviewing the matter with Dr. Akin, he recalled 
the fact that he too had obtained the picrate in the two 
forms noted above, but had given the preference to the 
scarlet crystals as the characteristic form, since the 
orange-yellow needles were encountered but once, and 
that for both forms he had observed 147-148° (corr.) as 
the constant melting point. 

Summary 

1,4-Dimethylphenanthrene has been prepared 
by cyclodehydration of bo th l-beta-(£-xylylethyl)-
cyclohexanol - 1 and 1 - beta - (p - xylylethyl) - 2 -
methylcyclohexanol-1, followed by fusion of the 
resulting octahydro derivatives with sulfur or 
selenium. The product of bo th syntheses was a 
hydrocarbon identical with the 1,4-dimethyl­
phenanthrene of Akin, Stamatoff, and Bogert, and 
quite different from the compound assigned this 
constitution by Bardhan and Sengupta. 

(8) Akin, "Dissertation," Columbia University, 1937, p. 31. 
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copper powder, the preparation was found to be 
not difficult. This method was also found con­
venient for the preparation of para and ortho 
biphenyl mercuric chlorides from which the other 
derivatives were obtained. 

Preliminary experiments in the direct mercura-
tion of biphenyl with one equivalent of mercuric 
acetate seemed to indicate t ha t the products 
consisted of a mixture containing a large propor­
tion of bimercurate biphenyl and unreacted bi­
phenyl. 

The para and particularly the dipara compounds 
seem to be characterized by high melting points 
and insolubility. The ortho compounds have 

Some Mercury Derivatives of Biphenyl 
B Y F R E D E R I C K B. H U L L 


