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218. Derivatives of 1 -Axanthraquinone. Part I .  
By G. R. CLEMO and G. W. DRIVER. 

l-Azanthraquinone (11) and 9-chloro-l-azanthracene (I) have been prepared by the method of E.P. 427,485 
9 : 10- 

The 5 and 6-brorno-l-azanthraquinones have 
involving a Skraup reaction on 1-chloro-2-naphthylamine and their nitration and bromination studied. 
DicAZoro-l-azantbacane is readily prepared by chlorination of I. 
been synthesised but attempts to prepare gbromo- and 5-, 6-, and 8-nitro-l-azanthraquinones failed. 

ALTHOUGH l-azanthraquinone (11) has been known since 1894, except for two I.G. Farbenindustrie patents 
(G.P. 597,833 and E.P. 427,485) which give few details of physical constants, no detailed examination of its 
properties has been made. Several syntheses have been recorded (Philips, Ber., 1894, 27, 1923; Braun and 
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Gruber, Ber., 1922, 55, 1710; I.G. Farbenindustrie, Zoc. cit.; Braun and Nelles, Ber., 1937, 70, 1760) but o d y  
the I.G. Farbenindustrie method, for which no yield iS recorded, appears suitable for the preparation of a 
quantity of the base. 

0 S 

c1 

(1.1 (11.) (111.) 

A 260,/, yield of 9-chloro-1-azanthrucem (I) has been obtained by the present authors by this method from 
l-chloro-2-naphthylamine together with about an equal amount of 5 : 6-benzquinoline (111) which is formed by 
elimination of the chlorine atom during the Skraup reaction. Oxidation of 9-chloro-1-azanthracene to  
1-azanthraquinone takes place quantitatively with chromic anhydride in acetic acid solution. 

9-Chloro-1-azanthracene is brominated and chlorinated in the 10-position giving dihalogeno compounds, the 
identity of these being proved by oxidation to 1-azanthraquhone. Further chlorination could not be induced, 
but vigorous bromhation gives a dibrumo-derivative of 9-chloro- 1-azanthracene which oxidised to a m m h m  
derivative of 1-azanthraquinone identical with the product obtained by the direct bromination of 
1-azanthraquinone. 

9-Chloro- 1-azanthracene is readily nitrated in glacial acetic acid to  give 9-chZoro-lO-nikro- 1-amnthraune, the 
identity of which was proved by oxidation to 1-azanthraquinone. Under more vigorous conditions of nitration 
a mmitro-derivative of 1-azanthraquinone was formed. 

Nitration of 1-azanthraquinone under mild conditions gave a mononitvo-derivative of 1-azanthraquinone, 
m. p. 215-218", identical with that obtained by nitrating 9-chloro-I-azanthracene. Nitration of 1-azaathra- 
quinone under vigorous conditions gave a mononitro compound, m. p. 180-181*, and traces of another, m. p. 
216-217". On acid reduction the nitro compounds gave amino-1-azanthrones while 1-azanthraquinone gave 
1-azanthrm, and with sodium sulphide amino-1-azanthraquinones were obtained in good yield. 

In order to prepare 1-azanthraquinone derivatives of know orientation the following series of reactions 
was carried out to obtain the required intermediates : 

c1 

Proof that chlorination had taken place in the 1-position was obtained in the case of the 6- and 8-nitro-1- 
chloro-2-naphthylamhes by de-amination to the corresponding nitro- lchloro-naphthalenes both of which are 
known, and in the case of 6-nitro-l-chloro-2-naphthylamine the compound was converted to the known 
1 : 6dichloro-naphthalene as follows : 

c1 c1 c1 c1 

An attempt to prepare 7-nitro-2-naphthylamine by the following series of reactons was abandoned as poor 
yields were obtained at  the decarboxylation stage :- 

Of the three nitro- l-chloro-2-naphthyla1nines prepared, only the 6-nitro compound however gave any of the 
fequired 9-chloro- 1-azanthracene derivative by the Skraup reaction and the 9-chlmo-6-nitro-l-azanthracene thus 
obtained could not be oxidised to 6-nitro- 1-azanthraquinone. 

Since the completion of this work Gerhardt and Hamilton ( J .  Amer. Chem. Soc., 1944,66,479) have described 
the preparation of 9-chloro-1-azanthracene by the same method as the present authors (U.S.P. 2,003,596 is 
equivalent to E.P. 427,485) but by using a modified method of extraction they obtained a better yield (34%). 
They also obtained 9 : 10-dichloro-1-azanthracene in much improved yield (71%), and, as these authors have 
described the preparation of l-chloro-5-nitro-2-acetamidonaphthalene and the corresponding Bnitro- and 
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8-nitro-compounds, these are not described here. The method of orientation differs from that of the present 
authors and it is claimed that 9-chloro-5-nitro-, 9-chloro-6-nitro-, and 9-chloro-8-nitro-1-azanthracenes were 
obtained from these intermediates; but attempts by the present authors to repeat this in the case of the 
5- and 8- isomers have failed. In addition, Gerhaxdt and Hamilton (Zoc. cit.) describe the nitration of S-chlor-1- 
azanthracene in nitric acid at  - 18" as taking place in the 5- and 8-positions and not in the meso-position. Thus 
three dserent nitration products of 9-chloro-1-azanthracene, viz., the &nitro-, the 8-nitro-, and the 10-nitro- 
derivative, as well as a mononitro-derivative of 1-azauthraquinone, are obtained (see below). 

As the nitro-derivatives of 1-chlom-2-naphthylamine are liable to reduction in the course of the Skramp 
reaction (giving diamino-derivatives of l-chloronaphthalene and hence undesirable by-products) it was considered 
that the corresponding bromo-derivatives of I-chloro-2-naphthylamine would be more suitable intermediates 
for the preparation of substituted I-azanthraquinones of known constitution. I-Ctclovo-6-brm2-rurphthyZ- 
ornine was prepared bg bromination of l-chloro-2-naphthyla.mine (Armstrong and Rossiter, Chem. News, 63,137) 
and it gave a 5% yield of Schloro-6-bromo-1-azanthracene which oxidised readily to 6-bromo-I-azanthra- 
quinane (G.P. 597,833). The 5- and 8-bromo-derivatives of l-chloro-2-naphthylamine were obtained as 
follows : 

O,N c1 H,N C1 Br C1 
NHAc 4 a>.-. + &s mHAc - a, 

The reduction of the nitro compounds without hydrolysis of the acetarnido group was accomplished by 
the use of etched iron in neutral solution. l-ChIoro-5bromo-2-naphthylamine gave 9-cltloro-5-homo-1- 
amn€hrwne by the Skraup reaction and this was axidised to Bbrm-1-uzanfkraqui-none, but l-chIore&bromo- 
2-naphthylamine gave only 6'-bromo-5 : 6benzquinoline. 

EXPERIMENTAL. 
SChloro-1-azaathracene was prepared by the method af E.P. 427,485 and the crude material fractionated under 

reduced pressure, giving 9-chloro-l-azanthracene, b. p- 190-1W0/2 mm., as almost colourless plates, m. p. 141" from 
ligroin (Found : C, 73.8 ; H, 3.7. Its picrate crystallised in yellow prisms from 
alcohol, m. p. 206" (Found : C, 51-3; H, 3-1. Calc. f o r  C1,H,,Ofi,Cl : C, 51-5; H, 2-5OA). 5 : &Benzquholine (111) 
had b. p. 170-1729/2 nun., m. p. 94", and its picratehad m. p. 251-252O. 1-Azanthraquinone was obtained m theoretical 
yield, by oxidation of 9 - c h l o r o - 1 - a z a n t h e  (E.P. 427,485) with chromic oxide in acetic acid, as pale yellow needles, 
m. p. 276". from ethanol or chlmbenzene (Found : C, 75-1 ; H,3-7; N, 64.  Calc. for C,,H,O,N : C, 74-6; H,3.4; N, 67%). 

Nilrution of 9-ChZoro-l-uzunthracene.-(a) 9 - C k l o r ~ l O ~ i f r o - l - u z u ~ ~ ~ u c ~ .  4Chloro-1-azanthracene (0-5 g.) m 
glacial acetic acid (4 c.c.) was treated with nitric acid (@2 c.c., d 1-42) and warmed on a water bath at 100" for 2 hours. 
The solution was poured into ice water and made alkdine with sodium hydroxide. The precipitated solid was iiltered 
off, washed with water, dried and crystzdlked from acetic acid giving a yellow solid (0.42 g., 70%). m. p. 201-203". which 
sublimed under reduced pressure to give bright yellow needles having the same rn. p. (Found: C, 60-3; H, 3.0. 
C,,H,O,N,CI requires C, 603  ; H, 2.7%) ; on oxidation with chromic anhydride in acetic acid solution it was converted into 
1-azanthraquinone, thus proving the oridation of the campound. (b) 9-Chloro-I-azauthracene (1 g.) was.rduxed with 
nitric acid (10 c.c., d 1-5) for 20-24 hours. Excess nitric acid was then distilled off and the liquid diluted with water and 
made alkaline. The precipitated nitro cornpound was filtered off, washed with water, dried and r e c r y s W d  from 
chloroform or dilute acetic acid and sublimed under reduced pressure giving a red powder (40%). m. p. 215-218" 
(Found : C, 61.5; H, 2.8. 

9-C~o-lO~~l-asmr#Rrru;erre.--sChloro-l-azanthracene (0-5 g.) was dissolved in carbon tetrachloride (15 c.c.) 
and bromine (0.1 c.c.) in carbon tetrachloride (1-25 c.c.) added. After refluxing gently for an hour the liquid was cooled 
and the separated solid (0-3 g., 43%) collected and recrystalked from alcohol, changing from red to yellow. It 
had m. p. 190" (Found : total halogen, 39-2. C,,H,NCIBr requires 39.5%). The compound was oxidised readily with 
chromic anhydride in acetic acid solution being converted into 1-azanthraquinone, thus proving it to be substituted 001y 
in the meso positions. 

SChZmo-10 : ? - d i b r o m o - l - u ~ u . a n t h r e ~ . - 9 - C h l o r o - l - ~ t ~ a c e ~ e  (1 g.) was dissolved in carbon tetrachloride (30 c.c.) 
and bromine (1.5 g.) in carbon tetrachloride (5 c.c.) added. A bright red solid was precipitated and, after being.heated on 
a water-bath for 1 hour and cooled, this was separated and recrystalbed from alcohol giving yellow needles which 
sublimed under reduced pressure as bright yellow needles, m. p. 22G22-7' (1-3 g., 74%) (Found : C, 42.1; H, 1-9. 
C,,H,NCIBrz requires c, 42.0; H, 1*670). 

9 : lO-DiclUmo-~-aaonfhr~.--9-Chloro-l-azant~~ene (0-8 g.) was dissolvedin glacial acetic acid (5  c.c.) and warmed 
to 50". Chlorine was passed into the sdution until two equivalents (0-53 g.) had been absorbed. The solution was puured 
into water, the yellow solid collected, washed with water and dried (46%). After crystallising twice from alcohol it had 
m. p. 204" and sublimed in a vacuum as yellow needles, m. p. 208" (Found : C, 62-8; H, 2.8. Cdc. f a r  C-H,NCI,: 
C, 63.0 ; R, 2.8%) (Gerhardt and Hamilton, Zoc. cif., give m. p. 213-215'). The identity of the compound was proved by 
oxidation to l-azanthraquinone. 

1-Azanthraquinone (1 g.) was dissolved in sdphuric acid 
(10 c.c., 100%) and warmed on a water bath to  about 80" and nitric acid (2 c.c., d 14) dropped in during a few minutes, 
After heating for a further two hours the mixture was poured into ice water and basified; the mononitro compound 
separated as a red powder (800/,)). This was filtered off, dried, and recrystallised from alcohol. xylene or dilute acetic 
acid, giving a pale red compound, m. p. 21!5-218" (Found : C, 61.1~ H, 2-5; N, 11-7. Calc. for C1,H804Nz : C. 61-4; 
€3, 2.4; N, 114%). A Enixed m. p. with the compound obtained by nitration of Schtaro-1-azanthracene prove that 
these compounds wem i d e n t i d  1-Azanthraquinone (1 g.) was refluxed with-a IIllrture 

Calc. for C,H,NCl: C, 73.2 ; H, 3.7%). 

M c .  for C,,H,O,N, : C, 61-4; H, 2-40/,)). 

N&uliOn of l-Azmlhraquamme.-(a) Undm mild c d a l i o n s .  

(b) U& vigorous c o l r d i b .  
of nitric acid (10 c.c., d 1.5). sulphnric acid (6 c.c., 98%) and potassium nitrate (6 g.) for 20-24 hours; the rrmxtyre was 
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cooled, diluted with water and made alkaline. The crude nitro compounds were filtered off as a brown powder in 75% 
yield. By fractional crystallisation from xylene two mono-nitro compounds were obtained : a red solid, m. p. 180-181" 
(Found: C, 61-1; H, 2-8y0), and a small amount of a buff coloured solid, m. p. 215-217" (Found: C, 61-1; H, 2-9. 
C,,H,04N, requires C, 61-4; H, 2.4%). A mixture of the nitro compound, m. p. 215--217",';with that having m. p. 
215-218" (from the mild nitration) had m. p. 200-204". vat " on warming with 
alkaline hydrosulphite solution. 

Amino-l-azanthraquinones.-The nitro compound (0.5 g.) was boiled with sodium sulphide solution (5 C.C. 4%) for 
90 minutes and the deep purple solution cooled in ice for half an hour. The solid was filtered off and recrystallised from 
xylene. Both nitro-l-azanthraquinones (m. p.'s 215-218" and 180-181") gave light red arnines, m. p.'s 274" and 262", 
respectively (Found : C, 69-2; €3, 3.8; and C, 69.0; H, 3-7. 

The amino-l-azanthraquinones were highly crystalline solids which, unlike the nitro compounds, were readily purified. 
They were sparingly soluble in most organic solvents and in dilute mineral acids. 

l-Azanthrone.-l-Azanthraquinone (0.5 g.) was dissolved in hydrochloric acid (20 c.c., 10%) and granulated tin (1 g.) 
added in small pieces. The solution was refluxed for 3 hours during which the colour of the solution changed to deep red 
and then became paler. After cooling the mixture was made alkaline, the resulting solid collected and recrystallised 
from alcohol giving l-azanthrone as a red brown powder, m. p. 274" (Found : C, 79.4; H, 5.1. C,,H,ON requires C, 

Monobromo-l-azanthraquinone.-(a) By direct bromination. 1-Azanthraquinone (1 g.) was heated in a sealed tube 
with bromine (3 c.c.) and a trace of iodine at 180" for 24 hours. The tube was opened, excess bromine boiled off and 
the solid washed with water, filtered and dried. After recxystallising from 50% acetic acid i t  sublimed a t  1 mm. as bright 
yellow needles (0-4 g., m. p. 242") (Found : C, 54-0; H, 2-0. C,,H,O,NBr requires C, 54.2; H, 2.1%). (b) Front 
9-chloro-10 : ?-dibromo-l-azanthracene. The compound (0.15 g.) was added to glacial acetic acid (5  c.c.), warmed to 60" 
and chromic anhydride (0.1 g.) added slowly. After heating a t  100" for 3 hours the solution was poured into water, the 
yellow solid filtered off, recrystallised from alcohol and sublimed in a vacuum giving bright yellow needles (0-06 g.), m. p. 
241", identical with that obtained above (Found : Br, 27.5. 

5-Bromo-l-azantkraquinone.-(a) l-ChZoro-5-nitro-2-naphthylamzne, prepared by chlorination of 5-nitro-2-acet- 
amido-naphthalene (Gerhardt and Hamilton, Zoc. cit.) followed by hydrolysis with alcoholic hydrogen chloride, crystallised 
from alcohol in bright orange needles (m. p. 164") from alcohol (Found: C, 53.9; €3, 3.4. C,,H,O,N,Cl requires 
C, 53.9; H, 3.1%). 

(b) l-ChZoro-5-amino-2-acetamido-nuphthaZene. Iron filings (60 g.) in alcohol (100 c.c.) were vigorously stirred and 
hydrochloric acid (20 c.c., d 1-18) added. After half an hour the alcohol was refluxed gently for a further 15 minutes and 
then decanted and the etched filings washed twice with water. l-Chloro-5-nitro-2-acetamido-naphthalene (15 g.), 
dissolved in hot alcohol (450 c.c.) , was then added to the wet filings and the solution refluxed with vigorous st i r r ing for 
3 hours and filtered. On cooling, the filtrate deposited colourless needles of l-chZuro-5-amino-2-acetamidonaphthalen~ 
(10.9 g., 81%; m. p. 193") (Found: C, 60-8; H, 3.9; N, 11.5. Cl,H,,ON,Cl requires C, 61-4; H, 4-7; N, 11.9%). 

(c) l-ChEoro-5-bromo-2-acetam~donu~hthaZene. l-Chloro-5-amino-2-acetamidonaphthalene (10.5 g.) was dissolved 
in acetic acid (120 c.c.) by warming and then cooled rapidly with stirring to 5". Sodium nitrite (3-15 g.) was finely 
powdered and added slowly to  well cooled sulphuric acid (20 c.c., d 1.84) with s tk ing  and then warmed to 70" until the 
nitrite had dissolved. This solution was also cooled to 5" and the solution of the amine gradually added to i t  with 
vigorous stirring at 5". The solution was allowed to stand a t  room temperature for + hour, and added to a solution of 
cuprous bromide (8.6 g.) in hydrobromic acid (15 c.c., d 1.5). The resulting mixture was warmed on a water-bath for half 
an hour, nitrogen being evolved. Most of the acetic acid was then removed under reduced pressfire a t  100" and the 
residue poured into water (200 c.c.) . l-ChZoro-5-bromo-2-acetamidonaphthaZene was precipitated as a white solid, 
separated, washed with water and crystallised from alcohol (charcoal) giving white plates (5-8 g., m. p. 185") (Found : 
c ,  48-9; H, 2.7; N, 5-0. 

The acetyl compound (5.8 g.) was hydrolysed by boiling with alcohol (90 c.c.) 
and hydrochloric acid (12.5 c.c., d 1-18) for 14 hours. The solution was then made alkaline and half the alcohol removed. 
On cooling, the free amine separated as white needIes (4-75 g., m. p. 136") (Found : C, 46.7 ; H, 2.6 ; N, 5.9. C,,H,NCIBr 
requires C, 46.8; H, 2.7; N, 5.5%). 

l-Chloro-5-bromo-2-naphthylamine (2-5 g.) was dissolved in sulphuric acid (25 c.c., 
66%) by heating and glycerol (2.5 g.) added. Sodium m-nitrobenzenesulphonate (3-7 g.) was added in pomtions over 9 
hour to the gently boiling solution which was then boiled for a further 5 hours, poured into water and made alkaline. 
The black tar was separated, washed, dried and extracted with ligroin (b. p. SO-100"). After removal of most of the 
solvent brown plates (0.5 g.) were deposited oncooling. These were dissolved in acetic acid (10 c.c.), chromic anhydride 
(1 g.) added and the solution heated at 100" for 2 hours. The yellow precipitate obtained on pouring into water was 
separated and crystallised from alcohol giving pale brown crystals which separated into two fractions on sublimation in a 
vacuum, bright yellow needles of 5-homo-l-azanthraquinone (0-1 g. ; m. p. 268") (Found : C, 54.6; H, 2-2; N, 5-2. 
C,,H60,NBr requires : C, 54.2 ; H, -2-1 ; N, 4.9%) and colourless crystals (0-3 g., m. p. 122") of 3'-bYOm0-5 : 6-benzquinoline 
(Found : C, 60-2; H, 3.2; N, 5.4. C,,H,NBr requires C, 60.4; H, 3-1 ; N, 5.4%). 

9-Chloro-6-nitvo-l-azunthrucene. l-ChZoro-6-nitro-2-nuphthyZumine, obtained by chlorination of 6-nitro-2-naphthyl- 
a&e (Gerhardt and Hamilton, Zoc. cit.) followed by hydrolysis with alcoholic hydrogen chloride, crystallised from 
alcohol in orange-red needles, m. p. 220" (Found: C, 53.4; H, 2.8. C,,H,O,N,Cl requires C, 53.9; H, 3.1%). 
Under the same conditions as for the preparation of 5-bromo-l-azanthraquinone the amine gave a trace of 9-chZoro-6- 
nitro-1-azanthracene subliming under reduced pressure in yellow needles, m. p. 240" (Found : C, 60.4; H, 3.2. 
C,,H,O,N,Cl requires C, 60-3 ; H, 2.7%). 

6-Bromo-l-azanthraquinone (E.P. 427,485; Example 4) was obtained in yellow needles (6%), m. p. 259" (Found : 
C, 53-2; H, 2-2; N, 5.1. Calc. for C,,H,O,NBr : C, 54.2; H, 2.1 ; N, 4.9%) from l-chloro-6-bromo-2-naphthylamine. 
9-ChZoro-6-bvomo-l-azanthrac~e (not isolated in E.P. 427,485) was obtained as pale- yellow plates from ligroin (b. p. 
8&100°), m. p. 178" (Found : C, 53.7; H, 2-4. C,,H,hTCIBr requires C, 53-3; H, 2.4%). 

Attempted Preparation of 8-Bromo-l-azanthraqui,none.-(a) 8-Nitro- l-chloro-2-naphthylamine was prepared by the same 
method as the 5-nitro isomer and crystallised from methanol in orange needles (8-3 g.. m. p. 147") (Found : C, 53.3; 
H, 3.3. CloH,O2N,C1 requires C, 53-9; H, 3.1%). The acetyl derivative was reduced by the method given above to 
l-chZoro-8-amino-2-acetumido-na~hthaZen~ in 82% yield ; colourless needles, m. p. 160°, from alcohol (Found : C, 61-8 ; 
H, 5-1 ; N, 12.1. 

(b) l-ChZoro-8-bromo-2-acetamidonaphth~Zene. l-Chloro-8-amino-2-acetamidonaphthalene (15 g.) was suspended 
in a solution of hidrobromic acid (17-7 c.c., 48%) in water (64 c.c.) and cooled to  0" with stirring. A solution of sodium 
nitrite (4.6 g.) in water (10 c.c.) was then added slowly until the solution gave a permanent blue coloration with starch 
iodide paper. The thick precipitate of the diazonium bromide which separated was stirred for a further hour at 0" and 
then quickly run into a suspension of cuprous bromide (19-3 g.) in hydrobromic ::id (53 c .~ . ,  4 8 y )  in water (127 c.c.) 
and the whole stirred a t  0" until a sample no longer gave any colour with alkaline H acid solution. The whole was 

All three compounds gave a violet 

C&80,Nz requires C, 69.6; H, 3.6%). 

Attempts to  diazotise them failed. 

80.0; H, 4.6%). 

C,,H@&Br requires Br, 27.8%). 

C,,H,ONClBr requires C, 48.3; H, 3.0; N, 4.7%). 
(d) l-ChZoro-5-bromo-2-naphthyZarnzne. 

(e) 5-Br~o-l-azanthraquznone. 

This could not be oxidised to  the corresponding quinone. 

C,,H,,ON,CI requires C, 61-4; H, 4.7; N, 11.9%). 
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then stirred overnight until evolution of nitrogen had ceased. The precipitated bromo-compound was filtered off, 
washed and dried. Extraction with boiling methanol gave l-cMmo-&bromo-2-acetum~phfhukm as pale straw 
coloured needles, m. p. 147", in 41% yield (Found : C, 48-8; H, 2.9; N, 5.1. CI,H,ONCIBr requires C, 48.3; H, 3-0; 

By hydrorysis, this compound was converted into l-chk.w&Mmmo--hthyZamim (90%), crystallking in colonrless 
needles, m. p. Go, from methanol (Found : C, 46.9; H, 2.9; N, 5-45. C&,NClBr requires C, 46.8; H, 2.7; N, 5.6%). 

A Skranp readion under the above conditions on the amine (5.8 g.) gave B'-brmw-5 : 6-ben.zquinoZine (2.2 g.) crystallising 
in pale yellow needles, m. p. 165", from ethanol (Found : C, 60.9; H, 3-6. There 
was no trace of Schloro-&bromo-l-azanthracene in the product. 

N, 4.7%). 

C,H,NBr requires C, 60-6 ; H, 3.1%). 
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