
[ 19581 T h e  Synthesis and Properties of 2-AxaJEuoranthene. 4743 

956. The Synthesis and Properties of 2-AzaJuoranthene. 
By NEIL CAMPBELL and KENNETH F. REID. 

The syntheses of 3 : 4-dihydro-2-azafluoranthene and 2-azafluoranthene 
are described. The latter substance is reduced to the former by sodium 
amalgam and ethanol and on nitration yields 12-nitro- and 5 : 12-dinitro- 
2-azafluoranthene. 

2-AZAFLUORANTHENE (111) has been isolated from coal tar.l We have synthesised it by 
applying the Curtius reaction to B-(9-oxo-l-fluorenyl)propionic acid ( I ;  R = C0,H) to 
give the substituted ethylamine ( I ;  R = NH,), which with alkali affords 3 : 4-dihydro-2- 
azafluoranthene (11). This on dehydrogenation with palladised charcoal yields 2-aza- 
fluoranthene (111). 

The amide (I ; R = COoNH,) undergoes the Hofmann reaction to yield directly impure 
dihydro-2-azafluoranthene (10, identified as the hydrochloride, methiodide, and picrate. 

Nitration of 2-azafluoranthene yields 12-nitro- (IV) and 5 : 12-dinitro-2-azafluoranthene 
(VII) . The constitution of the mononitro-compound follows from oxidation of its methiodide 
to 7-nitrofluorenone-1-carboxylic acid (VIII). The dinitroazafluoranthene was orientated 
by its preparation by the dehydrogenation of 3 : 4-dihydro-5 : 12-dinitro-2-azafluoranthene 
(VI) (obtained by nitration of 3 : 4-dihydro-2-azafluoranthene), whose constitution is 
established by its oxidation to 2 : 7-dinitrofluorenone-l-carboxylic acid (V). The structure 
of this acid was established by decarboxylation to 2 : 7-dinitrofl~orenone.~ The formation 
of 12-nitro-2-azafluoranthene ‘is not unexpected since 4-azafluoranthene also undergoes 
nitration at  position l2.* 

Reduction of 2-azafluoranthene with 5% sodium amalgam and ethanoI yields 3 : 4-di- 
hydro-2-azafluoran thene, a somewhat surprising result since 3 : Pdihydro-products 
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arising from the reduction of fluoranthene, quinoline, or isoquinoline have not been 
r e p ~ r t e d . ~  Reduction of 2-azafluoranthene or its dihydro-derivative with tin and 
hydrochloric acid yields 1 : 2 : 3 : 4-tetrahydro-2-azafluoranthene. 

The absorption spectrum of 2-azafluoranthene contains three groups of bands and 
closely resembles that of fluoranthene.6 

It was hoped that fluoranthene-3 : 4-quinone would react with hydrazoic acid to give 

3-hydroxy-4-aza- or 4-hydro~y-3-aza-fluoranthene,~ but the product was the imide (1x1, 
whose structure was proved by hydrolytic degradation to fluorene-l-carboxylic acid. 
1-Carboxylfluorenylideneacrylic acid is presumably an intermediate since fluorenylidene- 
acrylic acid undergoes alkaline hydrolysis to fluorene. Our results emphasise the highly 
specific nature of the reaction of hydrazoic acid with o-quinones, since 1 : 2-naphtha- 
quinone yields 4-amino-1 : 2-naphthaquinone, phenanthraquinone affords phenanthridone, 
and acenaphthenequinone yields naphthalic anhydride (probably via the imide) .* 
Fluoranthenequinone reacts with o-phenylenediamine, giving 9 : 14diazanaphtho[2 : 341- 
fluoranthene (X). 

Acenaphthenone with hydrazoic acid in benzene gives the anil (XI). 

EXPERIMENTAL 
Chromatographic separations were effected on alumina, and ultraviolet spectra were measured 

by means of a Unicam SP. 500 spectrophotometer. 
Synthesis of 2-Azafluoraizthene.-Activated sodium azide (2.6 g.) was added to 8-(9-0x0-1- 

fluoreny1)propionyl chloride (from 10 g. of acid) in dry benzene (50 ml.) and the whole was 
heated for 20 hr. The filtered solution, when heated for 4 hr. with concentrated hydrochloric 
acid (50 ml.), deposited p- (9-oxo- l-flu0renyZ)ethyZamine hydrochloride, greenish-yellow plates 
(from dioxan), m. p. 210-211" (Found: C, 69.2; H, 5.4; N, 5.5; C1, 13.6. C,,H,,ONCl 
requires C, 69-4; H, 5.4; N, 5.4; Cl, 13.7%), which with alkali gave 3 : 4-dihydro-2-azafluor- 
anthene [hydrochloride, orange needles (from ethanol-light petroleum), m. p. 193-194" (Found : 
N, 5.5. C,,H,,NCl requires N, 5.8%;  methiodide, orange-red needles (from ethanol), m. p. 
252-253 (Found: I, 36.2. C,,H,,NI requires I, 36.6%) ; picrate, orange needles (from ethanol), 
m. p. 229-230" (decomp.) (Found: N, 12.6. The dihydro- 
azafluoranthene was obtained in 40% yield by the action of sodium hypobromite on B-(9-oxo-l- 
fluorenyZ)propionamide, yellow needles (from aqueous ethanol), m. p. 193-194" (Found : 
C, 76.5; H, 5-4; N, 5.4. Cl,H1,02N requires C, 76.5; H, 5.2; N, 5.6%). 

5% Sodium amalgam (40 g.) was added in small portions to 2-azafluoranthene (2 g.) in 
boiling ethanol (80 ml.), the solution boiled for 2 hr., the volume reduced to 50 ml., and the 
residue neutralised with concentrated hydrochloric acid and poured into water (400 ml.) . The 
suspension was extracted with ether, and the extract dried (Na,SO,) and evaporated. The 
residual oil was chromatographed with light petroleum as solvent and developer. Elution 
yielded first 3 : 4-dihydro-2-azafluoranthene (1.14 g.), characterised as the picrate and 
methiodide, and then starting material (0.28 g.). 
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2-A za~%oraizthene.-Dihydroazafluoranthene (0.3 g.) was boiled for 3 hr. in 1-methyl- 
naphthalene (5 ml.) with 20% palladised charcoal (0.05 g.) in an atmosphere of carbon dioxide. 
The mixture was filtered and the catalyst washed with benzene. The combined filtrate and 
washings were extracted with concentrated hydrochloric acid, and the acid layer was made 
alkaline. The precipitate, dissolved in ether, was washed with water and dried (Na,SO,). 
Evaporation of the ether yielded 2-azafluoranthene (0.285 g.), pale yellow needles, m. p. 
91-92" (lit., 83", 91-92"), A,,,. 233, 254, 258, 280, 287, 308, 349, 355, and 365 mp (log E 4.4, 
3-93, 3.95, 4-05, 4.0, 3.05, 3.70, 3.75, 3.80 respectively), Amin. 219, 250, 256, 262, 282, 306, 310, 
350, 359 mp (log E 4.05, 3.87, 3-9, 3.9, 4.0, 3.03, 2.97, 3.69, 3-65) in cyclohexane. This compound 
formed a methiodide, orange needles (from ethanol), m. p. 273" (decomp.) (Found: N, 4.0; 
I, 36-6. C1,H12NI requires N, 4-1 ; I ,  36.8%), trinitrobenzem complex, pale yellow needles 
(from ethanol), m. p. 126-127" (Found: N, 12.8. C21Hlz0,N, requires N, 13.5y0), and hydro- 
chloride, yellow needles, m. p. 208-209" (from ethanol-light petroleum) (Found : N, 5.6 ; 
C1, 12.5. Cl,Hl,NC1 requires N, 5-9; C1, 14.8%). The picrate is recorded as having m. p. 
222" but we found m. p. 239". 

2-Azafluoranthene (0.5 g.) or 3 : 4-dihydro-2-azafluoranthene hydrochloride (0.5 g.) was 
boiled with concentrated hydrochloric acid (20 ml.) and tin (10 g.) until the solution was nearly 
colourless. More acid (5  ml.) was added and the whole was heated until a colourless solution 
resulted. The cooled solution was decanted, made alkaline, and extracted several times with 
ether. Evaporation 
yielded 1 : 2 : 3 : 4-tetrahydro-2-azafluoranthene (0.2 g.), colourless needles (from light 
petroleum), m. p. 74-76'. It decomposed when dried and formed a hydrochloride, prisms 
(from light petroleum), m. p. 258-260" (decomp.) (Found: N, 5.6; C1, 14-2. C15Hl,NC1 
requires N, 5 . 8 ;  C1, 14.6%), and a picrate, yellow needles (from ethanol), m. p. 225-228" 
(decomp.) (Found : N, 12.8. C,,H1,O,N, requires N, 124%). 

5 : 12-Dinit~o-2-azaJEztoranthene.-Dihydro-Z-azafluoranthene (1 g.) was kept for 17 hr. in 
nitric acid (d 1.6 ; 8 ml.) at room temperature. It was poured into a stirred solution of potassium 
carbonate, and the resulting 3 : 4-dihydro-5 : 12-dinitro-2-azujluoranthene crystallised from 
toluene-light petroleum in brownish-yellow needles (0-7 g.), m. p. 278-284" (decomp.), the 
m. p. depending on the rate of heating (Found: C, 61.4; H, 2.9; N, 13.8. CI5H90,N, requires 

Chromic anhydride (1.2 g.) in acetic acid (5 ml.) and water (5 ml.) was added to the dihydro- 
dinitro-2-azafluoranthene (0.9 g.) in boiling acetic acid (25 ml.) and the whole poured into 
water. The precipitate in benzene-chlorobenzene was chromatographed and development 
with this mixture gave 5 : 12-dinitr0-2-azafluovanthene, yellow needles (from toluene-chloro- 
benzene), m. p. 300-301", undepressed when admixed with the dinitro-2-azafluoranthene 
described below (Found: C, 61-2; H, 2.2; N, 14.0. C15H,0,N, requires C, 61.4; H, 2.5; 
N, 14.3%). The same product was obtained by keeping 2-azafluoranthene (0.5 g.) for 20 hr. 
in nitric acid (d 1.5; 5 ml.) at room temperature or by nitration with concentrated nitric acid 
in acetic acid or potassium nitrate and concentrated sulphuric acid. 

The dihydrodinitro-2-azafluoranthene (0-75 g.) , 30% sulphuric acid (75 ml.), and potassium 
permanganate (2 g.) were boiled until the permanganate was decolorised. The mixture was 
then treated with sulphurous acid. The precipitate was extracted with chloroform, most of 
the solvent distilled off, and light petroleum added to precipitate 2 : 7-dinitrofluorenone-1- 
carboxylic acid, yellow needles (from chlorobenzene-light petroleum), m. p. and mixed m. p. 
265-268", yielding 2 : 7-dinitrofluorenone, m. p. 292", when decarboxylated in quinoline a t  
180" in presence of a trace of copper. 

12-Nitru-2-aza~~oranthene.-2-~4zafluoranthene and dilute acid gave the nitrate, yellow 
needles (from ethanol), m. p. 179" (Found: 67.8; H,  3.8; N, 11.2. C15Hl,0,N2 requires 
C, 67.7; H, 3.8; N, 10.5y0). The nitrate (3.6 g.) was added slowly to  concentrated sulphuric 
acid (18 ml.) with cooling and kept at room temperature for 1& hr., then heated for 20 min. a t  
60" and poured into water. 12-Nitro-2-azaj?uovanthene separated, and was boiled with potassium 
carbonate solution, dried, and crystallised from benzene in yellow needles (1.8 g.), m. p. 250- 
252" (Found: C, 71-7; H, 3.4; N, 11.0. C1,H,O,N, requires C, 72-6; H, 3.2; N, 11.3%). 
The nitro-compound (0.8 g.) was heated for 1 hr. in excess of methyl toluene-p-sulphonate 
a t  100". The metho- 
toluene-p-sulphonate, yellow needles ( 1  g.), m. p. 218--220", was converted by precipitation 
with potassium iodide into the more readily crystallisable methiodide which separated from 

The combined extracts were washed with water and dried (Na,SO,). 

C, 61.0; H, 3.1; N, 14.2%). 

The mixture was extracted twice with hot benzene and once with ether. 
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aqueous ethanol in reddish-violet needles, m. p. 254-255' (Found: N, 7-1; I, 32.1. 
C1,HllO,N,I requires N, 7-2; I, 32.6%). Potassium permanganate (2 g.) in water (100 ml.) 
was added dropwise (4 hr.) to the methiodide (0.9 g.) in 10% potassium hydroxide solution 
(32 g.) at 60" and the solution having been kept a t  room temperature (1 hr.) was boiled and 
filtered, The manganese dioxide was extracted with boiling water, and the combined filtrates 
were acidified. The precipitate in chloroform was washed with water, dried (Na,SO,), 
evaporated to 1-2 ml. and when treated with light petroleum yielded 7-nitrofluorenone- 1- 
carboxylic acid (0.05 g.), yellow needles (from acetic acid), m. p. and mixed m. p. 245-247". 

Fluoranthene-3 : 4-quinone.-The scant recorded description lo of the preparation of the 
quinone requires supplementation. Chromic acid anhydride (15 g.) in water (10 ml.) and acetic 
acid (10 ml.) was added to fluoranthene (10 g.) in acetic acid (150 ml.) so that the temperature 
did not exceed 50". The mixture was heated for 18 hr. on the water-bath, then poured into 
water (1.5 l.), and the brown-red precipitate was washed thoroughly with hot water. The 
precipitate in chloroform was extracted twice with 10% aqueous sodium carbonate, which on 
acidification gave fluorenone-1-carboxylic acid (4 g.) , and the chloroform solution was reduced 
in volume and chromatographed. Development first with benzene and then benzene-chloro- 
form (1 : 1 vlv) gave first fluoranthene (2 g.) and then the quinone (1-5 g.), red needles, m. p. 
194" (lit., 188-189"), giving with o-phenylenediamine in acetic acid 9 : 14-diazanaphtho- 
[2 : 3-bLfluoranthene, yellow needles (from acetic acid), m. p. 229" (Found: C, 86.6; H, 3.8; 
N, 8.9. C,,H,,N, requires C, 86.8; H, 4-0; N, 9.2%). 

Sodium azide (1.2 g., 0.018 mole) was added gradually to the quinone (1.4 g., 0.006 mole) 
in trichloroacetic acid (20 g.) a t  60" with stirring, and heating was continued for 1 hr. Pouring 
into water (70 ml.) gave after several hours the irnide (IX) (0.35 g.), subliming at  190-200"/0~1- 
0.5 mm. in yellow needles, m. p. 256" (Found: C, 77.5; H, 3.8; N, 6-1. C1,H,O2N requires C, 
77.7; H, 3.7; N, 5.7%). The imide (0.2 g.) was not hydrolysed by sulphuric or hydrochloric 
acid, but when boiled for 17 hr. with 20% sodium hydroxide solution (14 ml.) and acidified 
yielded fluorene-1-carboxylic acid (0.1 g,) ,  m. p, and mixed m. p. 246-249'. 

Fission of P-Fluorenylidenenacrylic acid.-Ethyl fluorenyl-9-glyoxylateJ m. p. 85-87' 
(lit., 74-76'), a-hydroxy-9-fluorenylacetic acid, in. p. 205-206" (lit., 194-195") , and fluorenyl- 
ideneacrylic acid, m. p. 228-229" (lit., 222-223"), were prepared by Wislicenus and Weite- 
meyer's method.ll The acrylic acid (0.2 g.) was boiled for 6 hr. with sodium hydroxide (2-0 g.) 
in water (20 ml.). Fluorene (0.05 g.), m. p. and mixed m. p. 115", collected in the condenser, 
and from the reaction mixture unchanged fluorenylideneacrylic acid (0.1 2 g.) was recovered, 

S c h w d t  Reaction on Acenaphthenone.-Acenaphthenone yields a 2 : 4-dinitrophenylhydrazone, 
red needles (from xylene), m. p. 259-260" (Found: N, 15.9. C,,H,,O,N, requires N, l6.lY0). 
Hydrazoic acid (from 3.2 g. of sodium azide) in benzene was added to acenaphthenone (2.5 g.) 
in benzene (20 ml.) and concentrated sulphuric acid (4 ml.) and gave the and, prisms (from 
ethanol), m. p. 93", after chromatographic purification, blue fluorescence in solution (Found : 
C, 89.1; H, 5-6; N, 5.5. C,,H,,N requires C, 88.9; H, 5.4; N, 5.8%). 
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