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Reactions (9), (11), (13) and (15).—There 
does not seem to be any experimental evidence 
available for these reactions and in these cases 
also we have assigned values which are in agree­
ment with the free radical mechanism. 
DEPARTMENT OF CHEMISTRY 
T H E JOHNS HOPKINS UNIVERSITY 
BALTIMORE, M D . RECEIVED NOVEMBER 29, 1933 

Ammonolysis of Fluorenone and Fluorenone 
Anil 

B Y LOUIS A. PINCK AND GUIDO E. HILBERT 

Strain1 has shown that ketones, such as aceto-
phenone, on heating with ammonia at 180° with 
aluminum chloride as a dehydrating agent, yield 
the corresponding ketimines. I t has now been 
found that fluorenone imide can be prepared in 
excellent yield by the interaction of fluorenone and 
ammonia at room temperature. This method 
is superior to that of Kliegl2 and is recommended 
for preparative purposes. Benzophenone, 9,9-
dichlorofluorene and 1,2-dichlorodibiphenylene-
ethane under similar conditions, however, do not 
react. 

Additional information on the behavior of 
Schiff bases in liquid ammonia3 was obtained in a 
study of the ammonolysis of fluorenone anil. 
This reaction leading to the formation of fluore-

(1) Strain, T H I S JOURNAL, 52, 820 (1930). 
(2) Kliegl, Ber., 43, 2488 (1910); see also Goldschmidt and 

Beuschel, Ann., 447, 203 (1926). 
(3) Strain, T H I S JOURNAL, 50, 2218 (1928). 

TWO TYPES OF ACTIVATED ADSORPTION OF 
HYDROGEN ON THE SURFACE OF A PROMOTED 

IRON SYNTHETIC AMMONIA CATALYST 

Sir: 

By making adsorption measurements in con­
junction with our study of the catalytic conver­
sion of ortho to para hydrogen we have obtained 
data that seem to establish definitely the existence 
of two types [see Benton, Trans. Faraday Soc, 
28, 202 (1932), and Langmuir, Chem Rev., 13, 188 
(1933)] of activated and one type of physical 
adsorption of hydrogen on the surface of an iron 
catalyst promoted with 1.3% Al2Oi and 1.59% 

none imide and aniline was catalyzed by am­
monium chloride and did not go to completion; 
apparently an equilibrium was attained. Fluore­
none anil was readily prepared by heating 
fluorenone imide and aniline. 

Experimental Procedure 

Ammonolyis of Fluorenone.—Ten grams of fluorenone4 

was treated with 15 cc. of sodium-dried ammonia and 
allowed to stand a t room temperature for several weeks. 
After the removal of ammonia the fluorenone imide was 
recrystallized from ligroin; m. p. 124°, yield practically 
quantitative. 

Fluorenone Anil.—A mixture of 0.2 g. of fluorenone 
imide and 0.2 cc. of aniline was heated at 120° for ninety 
minutes; ammonia was evolved. The yellow sirupy 
reaction product solidified on cooling and was recrystal­
lized from petroleum ether; m. p. 87 °.5 

Ammonolysis of Fluorenone Anil.—A solution of 0.5 g. 
of fluorenone anil and 0.25 g. of ammonium chloride in dry 
liquid ammonia was heated at 60° for four days. The 
ammonia was removed and the reaction product dissolved 
in boiling ligroin. On concentration of the solution 0.22 g. 
of fluorenone imide separated. From the mother liquor 
was isolated 0.15 g. of unchanged anil. 

No fluorenone imide was isolated in an experiment in 
which a solution of fluorenone anil in dry ammonia was 
heated at 60° for twenty hours. 

(4) This was prepared according to the method of Schmidt and 
Wagner, Ber., 43, 1796 (1910), (3 kilos of technical fluorene yielded 
2450 g. of pure fluorenone), which is practically identical with that 
recently published by Huntress, Hershberg and Cliff, T H I S JOURNAL, 
63, 2720 (1931). 

(5) Reddelien, Ber., 43, 2479 (1910); Schlenk and Bergmann,, 
Ann., 463, 292 (1928). 
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U. S. DEPARTMENT OF AGRICULTURE 
WASHINGTON, D. C. 

K2O. The characteristics of the three types of 
adsorption on the promoted iron catalyst are as 
follows. 

Physical Adsorption. The adsorption of hydro­
gen at 760 mm. pressure by a 10-cc. (about 22-g.) 
sample of catalyst that had been reduced by 
hydrogen at 450° and. degassed at the same tem­
perature, was 5.0, 2.8 and 0.25 cc. at —196, 
— 183 and —144°, respectively. The heat of 
adsorption calculated from isotherms was about 
2000 calories. 

Type A Activated Adsorption.—Between —78 
and 0° apparent equilibrium could be obtained in 
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a few hours for a type of adsorption having all of 
the characteristics of activated adsorption [Taylor, 
THIS JOURNAL, S3, 578 (1931)]. The energy of 
activation of the adsorption was about 9000 
calories. The isobar at 760 mm. showed a gradual 
decrease from an adsorption of 7 to 8 cc. at — 78° 
to about 5 or 6 cc. at 0°. 

Type B Activated Adsorption.—At 100° or 
higher an additional but much slower adsorption 
(type B) set in, the total adsorption (type A and 
type B) reaching at 100° a value of 8 to 9 cc. 
within two hours. At 212 and 450° the adsorp­
tions were 5.5 and 3.5 cc, respectively, and 
reached an apparent equilibrium in less than an 
hour. Isotherms taken at 350 and 410° were 
reversible and indicated a heat of adsorption of 
about 8500 calories. 

In a previous communication [Harkness and 
Emmett, THIS JOURNAL, 55, 3496 (1933) ] it was 
pointed out that the adsorption of hydrogen by 
the promoted iron catalyst at 100° and at 212° 
strongly inhibited the low temperature (—190°) 
catalytic conversion of ortho to para hydrogen. 
In continuing this study it has now been found 
that this inhibition produced by the adsorption 
of a given volume of hydrogen by the catalyst at 
100° is about eight times as great as that produced 
by the same volume of hydrogen adsorbed at 
- 7 8 ° . 

From the combined adsorption data and 
measurements of the absolute and relative poison­
ing effects of types A and B adsorption on the 
low temperature ortho-para hydrogen conver­
sion it therefore may be concluded (1) that both 
types A and B are primarily surface adsorp­
tions and not solutions within the metal, and 
(2) that types A and B represent two distinctly 
different kinds of activated adsorption, the B type 
not being merely a slow continuation of type A. 
BUREAU OF CHEMISTRY AND SOILS R. W. HARKNESS 
WASHINGTON, D. C. P. H. EMMETT 

RECEIVED DECEMBER 26, 1933 

MOLECULAR REARRANGEMENTS OF OPTICALLY 
ACTIVE RADICALS 

Sir: 

Previous investigations in this Laboratory have 
shown that in certain molecular rearrangements 
involving optically active radicals, notably of 
the Hofmann, Curtius and Lossen types, the 
optically active group maintains an asymmetric 
configuration during the rearrangement. I t has 

also been shown that such transformations are 
accompanied with little or no racemization. 
The optical stability of such radicals during re­
arrangement can be explained easily on the 
theory that the shift of the electron pair from the 
carbon atom to the nitrogen atom includes the 
group which it holds. 

We have continued our studies of molecular 
rearrangements in order to determine more 
definitely whether the electronic nature of the 
migrating group is of great importance in main­
taining the asymmetry of the radical during 
rearrangement. For this purpose a compound 
was chosen in which the group containing the 
asymmetric carbon atom is essentially of the 
nature of a positive group during rearrangement. 

Accordingly we prepared Z-2-methyl-2-phenyl-
butanol(l), CH3CH2C(CH3)(C6H6)CHZ)H, a1/= 
—4.90° (homogeneous, 1-dm. tube), and studied 
its behavior when the hydroxyl group was re­
placed by chlorine. The chloride so produced 
was found to be a tertiary chloride, and not a 
primary chloride. This fact is to be expected 
on the basis of modern conceptions of molecular 
rearrangements. It was also found to be op­
tically active. The rearrangement however is 
accompanied by an inversion in sign of the ro­
tatory power. The /alcohol yields a dextro­
rotatory rearrangement product. In conclusion 
it is to be pointed out that these facts have an 
important bearing on all investigations involving 
configurational relationships of optically active 
compounds. 

FRICK CHEMICAL LABORATORY EVERETT S. WALLIS 
PRINCETON, N E W JERSEY P. I. BOWMAN 

RECEIVED JANUARY 2, 1934 

THE INTRODUCTION OF DEUTERIUM ATOMS 
INTO ACETONE 

Sir: 

When a solution of acetone in water containing 
deuterium oxide and a small amount of potassium 
carbonate is warmed for a short time, an exchange 
of hydrogen atoms occurs, with the consequent 
introduction of deuterium into the acetone. We 
first studied the concomitant decrease in density 
of the water. For example, six solutions were 
prepared, each containing 30 cc. of water, 60 cc. 
of refractionated (0.1° range) "c. p. Analyzed" 
acetone, and about 0.1 g. of either phosphoric 
acid or potassium carbonate as indicated in the 
table. After warming from one to three hours 


