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It = 9-fluorenyl 

The thermal decomposition of 9-fluorenyl nitrate 
was examined also. 9-Fluorenol and small amounts 
of fluorenone were obtained when the ester was 
heated in boiling chlorobenzene for several hours. 
This reaction appears to involve homolysis of the 
ester to the 9-oxyfluorene radical (111) which then 
extracts a hydrogen atom from the solvent or from 
another molecule of nitrate ester. 
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There was no evidence for the P-cleavage process 
generally followed by simple alkyl nitratesI2 and by 
triphenylrnethyl nitrate.5 In  such a case o-phenyl- 
benzaldehyde mould have been produced. 

The stability of 9-fluorenyl nitrate and the clean- 
cut character of its reactions mould seem to make 
it an ideal subject for mechanistic investigations of 
the reactions of aralkyl nitrates. 

EXPERINENTAL 

9-Fluorenyl nitrate. A solution of 5.1 g. (0.03 mole) of 
dry silver nitrate in 15 ml. of anhydrous acetonitrile was 
added all a t  once to a solution of 4.9 g. (0.02 mole) of 9- 
bromofluoreneI3 in 100 ml. of anhydrous acetonitrile. The 
mixture was allolved to stand a t  room temperature with 
occasional shaking for t x o  hours. The precipitated silver 
bromide was removed by filtration and the filtrate was 
treated with a few milliliters of methyl iodide to destroy the 
excess silver nitrate. The solution was refiltered and the 
solvent was removed from the filtrate by evaporation under 
reduced pressure to produce a pale yellow solid; yield, 4.4 g. 
(97%). Itecrystallization from petroleum ether (40-60") 
yielded a mat of white needles, m.p. 90-91". The infrared 
spectrum of this material had characteristic nitrate ester 
bands at  1640 and 1272 cm-'. 

Anal .  Calc'd for C13H9X03: C, 68.72; H, 3.99; PI', 6.17. 
Found: C, 69.18; H, 3.63; N, 5.87. 

Reaction of 9-fluorenyl nitrate wi th  acid. To 15 ml. of 95% 
sulfuric acid was added 0.2 g. of 9-fluorenyl nitrate. A deep 
blue green color appeared as the solid dissolved. This solution 
was poured on ice and the white solid that separated was 
collected and recrystallized from petroleum ether, m.p. 
154-155". 9-Fluorenol melts a t  156".14 This alcohol produced 
the same deeD blue green color when dissolved in 95% sul- - 
furic acid. 

Reaction of 9-JEuorenyl nitrate with base. To 10 ml. of a 10% 
solution of Dotassium hydroxide in methanol was added 
0.5 g. of 9-fluorenyl nitrate. The solution took on a deep 
yellow color and yellow crystals were slowly deposited. 
These crystals were removed by filtration and recrystallized 
from ethanol, m.p. 82-84'. Fluorenone melts a t  83-83.5".14 
No fluorenol was found even after extraction of the basic 
solution with ether and evaporation of these extracts. 

f 12) Boschan. Merro.iv. and Van Dolah. Chenz. Revs.. 5 5 ,  
495 (1955). 

(13) Sampey and Reid, J .  Am. Chem. Soc., 69,234 (1947). 
(14) Heilbron, Dictionar?] of Organic Compounds, Oxford 

University Press, New York, N. Y., 1953, Vol. 11, p. 545. 

Thermal decomposition of 9-Jluorenyl nitrate. A solution of 
0.8 g. of fluorenyl nitrate in 60 ml. of dry chlorobenzene was 
heated at 125-130" under a stream of dry nitrogen for si.; 
hours. The exit gases were passed into a 10% ferrous am- 
monium sulfate solution. A small amount of black precipi- 
tate formed during the heating period indicating the presence 
of nitric oxide. After the heating period was complete the 
solution was concentrated to 10 ml. and placed on an Activ- 
ity I neutral alumina column and eluted with benzene fol- 
lom-ed by methylene chloride. Fifteen 250-ml. fractions were 
taken. The first benzene extract contained a trace of un- 
rpacted starting material. The next four gave 0.1 g. of 
fluorenone (identified by comparison of its infrared spectrum 
with that of an authentic sample). The next four fractions 
(benzene) contained no material. The last six fractions 
(methylene chloride) yielded 0.4 g. of fluorenol, m.p. 
154-155'. 
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Although the existence of aci-nitroparaffins is well 
established, nothing has been reported concerning 
their absorption spectra. Since such spectra are in- 
herently interesting because of the unique system 
involved, the infrared and ultraviolet spectra of 9- 
aci-nitrofluorene (11), a stable aci-nitro compound, 
have been measured. 

It was believed2 for many years that 9-nitro- 
fluorene existed in both a labile aci-form and a 
stable nitro form. However, it was established con- 
clusively in 19303 that the material obtained upon 
acidification of potassium 9-fluorenenitronate (I) is 
indeed 9-aci-nitrofluoreneJ and that this compound 
cannot be isomerized to  the 9-nitro compound. 
Rather it is easily oxidized to the dimeric nitro com- 
pound, 1 ,2-dinitro-l,2-bidiphenyleneethane (111). 

This latter compound previously had been assigned 
the structure of 9-nitrofluorene.2 The unusual sta- 

(1) This research was carried out under Army Ordnance 

(2) Wislicenus and Waldmiiller, Ber., 41,3334 (1908). 
(3) Nenitzescu and Isacescu, Ber., 63, 2184 (1930). 

Contract W-01-021-ORD-334. 
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bility of this aci-nitro compound is undoubtedly due 
to  the large contribution of structures such as IV to  
the ground state of the molecule. The tendency to  
establish this non-classical aromatic system ac- 
counts for other unusual effects in the fluorene 
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system such as the acidity of fluorene itself, the re- 
activity of bidiphenyleneethylene toward Grignard 
reagents14 and the stability of the enol of 9-formyl- 
f l~o rene .~  

The infrared spectrum (Fig. 1,A) of 9-aci-nitro- 
fluorene possesses several significant features. 
There are no bands attributable to a hydroxyl 
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band a t  743 cm-l. The spectrum of the dinitro com- 
pound also shows typical absorption for an aliphatic 
nitro group a t  1540 cm-'. 

Since the spectrum of 9-aci-nitrofluorene sug- 
gested that it exists as a dimer in which the hydro- 
gen atoms are shared equally between two oxygen 
atoms, the corresponding deuterium compound was 
synthesized for comparison. It was prepared by add- 
ing trifluoroacetic anhydride to a solution of 
potassium 9-fluorenenitronate in deuterium oxide. 
The aci-nitro compound precipitated immediately. 
The broad band in the 5p  region of its spectrum 
(Fig. 1,B) may be attributed to the associated 
oxygen-deuterium stretching vibrations. An inter- 

I + DLO + (CFJC0)iO - 
5,' --% 

v \.& '1 
N0.D 

t CFjC0-L) + C F I C O ~ K  

esting feature is that the carbon-nitrogen double 
bond band has been shifted to 1622 cm-l. At- 
tempts to obtain molecular weight data in order to 
confirm the spectral indication of dimer formation 
were frustrated by the insolubility of the aci-nitro 
compound in non-polar solvents. I ts  molecular 
weight measured in dioxane indicated that the com- 
pound was monomeric in that solTrent. 

The ultraviolet spectrum (Fig. 2 )  of 9-aci-nitro- 
fluorene is similar in general shape to that of fluor- 
enone6 and fluoreiione oxime6 and quite different 
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FIG.  2.-L-LTRAVIOLET AiBSORPTIOX SPECTRUM O F  g-acl- 
KITROFLUORENE IN ABSOLUTE ETHAYOL. 

from that of other 9-substituted fluorenes.6 A4 dis- 
tinguishing element of the 9-aci-nitrofluorene spec- 
trum is the relatively strong intensity of the 340 
mp band as compared to that in fluorenone. 

' EXPERIMENTAL 

Potassium 9-jluorenenitronate. This material TYas prepared 
in 68% yield by the method previously described.* At- 

(6)  Friedel and Orchin, Ultraviolet Spectra of Aromatic 
Conipozmds, John Wiley and Sons, New York, N. P., 1951, 
Spectra 329,335 and 322, resp. 
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tempts were made to recrystallize the material without suc- 
cess. Partial oxidation occurred when it was heated in 
various solvents. 

9-aci-NitrojZuorene. This material was prepared by acidi- 
fication of a water solution of potassium 9-fluorenenitronate 
with either sulfuric acid or trifluoroacetic anhydride. It is 
precipitated immediately from water as a yellow-green 
powder, m.p. 134.5-137" (k2, m.p. 134-137'). 

aci-d-9-Nitrofluorene. A solution of 0.05 g. of potassium 
9-fluorenenitronate in 2.2 g. of deuterium oxide was pre- 
pared in a flask protected from atmospheric moisture. The 
flask was immersed in an ice-bath and two drops of tri- 
fluoroacetic anhydride were added. The yellow-green acz- 
compound precipitated immediately. It was collected and 
stored in a vacuum desiccator over phosphorus pentoxide. 

1,2-Dinitro-l,&bidiphenylene&thane. This material was 
prepared by the method of Nenitzescu.7 It was recrystallized 
from acetic acid, m.p. 183-184" (lit.7 m.p. 184"). 

Spectra. The infrared spectra were measured as Nujol 
mulls on a Perkin Elmer Model 21 infrared spectrophotom- 
eter with a rock salt prism. The ultraviolet spectrum was 
measured in absolute ethanol with a Beckman DK-1 ultra- 
violet spectrophotometer. 

We are indebted to Dr. M. F. Haw- 
thorne for the measurement of the ultraviolet spectrum and 
for aid in its interpretation, and to Dr. W. D. Emmons for 
helpful suggestions during the course of this study. 
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Rice and Kohn' recently reported that Raney 
nickel catalyzes the N-alkylation of aniline with 
alcohols but that V.0.P. nickel catalyst2 is inef- 
fective for this purpose. Evidently the batch of 
catalyst used by Rice and Kohn was poisoned or it 
mas not properly reduced before use, as we have 
found the U.O.P. nickel catalyst to  be at  least as 
active as Raney nickel. ,4n S070 yield of S-n-pro- 
pylaniline was obtained in 6 hours whereas an equal 
amount of Raney nickel required 16 hours' to give 
the same yield. 

Small amounts of acetaldehyde, propionaldehyde, 
and acetone were formed when ethanol, 1-propanol, 
and 2-propanol, respectively, were refluxed with 
U.O.P. nickel catalyst. This supports the reaction 
mechanism suggested by Rice and Kohn' for the 
catalytic N-alkylation of aniline with alcohols, 
namely that the alcohol is dehydrogenated to a car- 
bonyl compound which then reacts with the amine 
to  give an S-alkglideneaniine (or an a-hydroxy- 

amine) and that this intermediate is subsequently 
hydrogenated to  the corresponding N-alkylaniline. 

EXPERIMENTAL3 

Materials. 1-Propanol, 2-propanol (both stored over 
Drierite), and aniline were freshly distilled. The U.O.P. 
nickel catalyst, obtained from the Harshaw Chemical Co., 
was prereduced a t  425' in a stream of hydrogen, cooled under 
hydrogen, and pulverized under the appropriate alcohol 
before use. 

N-n-Propylaniline. A mixture of 25 g. (0.28 mole) of 
aniline, 15 g. of prereduced U.O.P. nickel catalyst, and 80 
g. (1.3 moles) of 1-propanol was refluxed with stirring for 
6 hours. The cooled mixture was filtered and the catalyst was 
1%-ashed with 25 ml. of 1-propanol. The combined filtrate- 
n-ash was concentrated, and the residual liquid was dis- 
tilled through a 10-cm. Vigreux column t o  give 29.3 g. (80% 
yield) of X-n-propylaniline, b.p. 110-111'/20 mm., n*: 
1,5410. 

The product' was analyzed for secondarj- aromatic amine 
by elect'rometric titration. 

Anal. Calc'd for C9HI3?j: Secondary amine, 7.42 nieq.jg. 
Found: Secondary amine, 7.44 meq./g. 

Its phenylthiourea derivative melted a t  101-102°; its 
mixt>ure melting point with an authentic sample was also 

Dehydrogenation of ethanol. A mixt,ure of 79 g. of absolute 
ethanol and 15 g. of prereduced U.O.P. nickel catalyst was 
refluxed with stirring for 12 hours. The vapors which passed 
the water-cooled condenser were condensed in a Dry Ice-trap. 

The condensate gave a dimedone derivative melting a t  138- 
140' whose mixture melting point with an authentic sample 
of acetaldehyde dimedone derivative was also 138-140°.6 

Dehydrogenation o j  1-propanol. A mixture of 120 g. (2.0 
moles) of I-propanol and 10 g. of prereduced U.O.P. nickel 
catalyst was refluxed under a 30-cm. Vigreux column for 10 
hours and 89 g. of distillate was collected. 

Analysis of the distillate for carbonyl indicated the pres- 
cnce of 0.6 g. (0.01 mole) of propionaldehyde. 

Anal. Calc'd for CZHGO: Carbonyl, 16.7 meq./g. Found: 
Carbonyl, 0.11 meq./g. 

The distillate gave the dimedone derivative of propionalde- 
hyde, m.p. 155-156'; its mixt,ure m.p. with an authentic 
sample was also 155-15€1'.~ 

Deh,ydrogenation o j  2-propanol. -4 mixture of 120 g. (2.0 
moles) of 2-propanol and 10 g. of prereduced U.O.P. nickel 
catalyst was refluxed under a 30-em. Vigreux column for 6 
hours and 53.5 g. of distillate was collected. 

Analysis of the distillate for carbonyl indicated the 
presence of 1.5 g. (0.03 mole) of acetone. 

Anal. Calc'd for C3H60: Carbonyl, 16.7 meq./g. Found: 
Carbonyl, 0.45 meq./g. 

The distillate gave the 2,4dinitrophenylhydrazone of 
acetone, m.p. 122-123"; its mixture m.p. with an authentic 
sample was also 122-123°.6 

101-102~.5 
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