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CXXXVI1.-Polycyclic Arornatic Hydrocarbons. Part I .  
1 - and 2-Phenylanthracenes and Derivatives of 
1 : 2-Benxanthracene. 

By JAMES WILFRED COOK. 
THE substance responsible for the cancer-producing properties of 
tars and mineral oils is probably a polycyclic aromatic hydrocarbon 
of very high boiling point, and the hydrocarbons to be described in 
this and subsequent communications have been prepared in the 
course of a search for an active carcinogenic substance of known 
structure. The correlated experiments on animals are being con- 
ducted by E. L. Kennaway and the fluorescence spectra of the pure 
hydrocarbons have been examined by I. Hieger for comparison with 
the characteristic banded spectrum of tars and other cancer- 
producing mixtures (for example, the products of the action of 
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aluminium chloride upon 1 : 2 : 3 : 4-tetrahydronaphthalene). The 
results of Kennaway and Hieger are published elsewhere (Biochesiz. 
J., in the press). 

Of the three possible stlructural isomerides of monophenylanthra- 
Gene only the meso-compound has hitherto been described. 1- 
and 2-Phenyknthracenes have now been prepared, the former by 
pyrolysis of 2-o-toZuoyZdiphenyl (I; R = Ph) obtained from 
magnesium 2-diphenylyl iodide and o-toluoyl chloride, and the latter 
by reduction of 2-phenyl-9-anthrone : 

R R R 

(I.) (R = Ph or Me) 

1 -Phenylanthracene resembles 1 -methylanthracene in its ready 
solubility and fusibility, whereas 2-phenylanthracene, like the 
2-methyl compound, is sparingly soluble and high-melting. When 
di-o-toZyZ ketone (I; R = CH,), prepared from magnesium o-to131 
bromide and o-toluoyl chloride, was boiled for a long time, it under- 
went the condensation of an o-methyl benzophenone derivative to 
an anthracene derivative discovered by Elbs (Ber., 1884, 17, 2848; 
1886, 19, 408; J .  pr. Chenz., 1886, 33, 185; 1887, 35, 471 ; 1890, 
41, 1) and recently extended by Morgan and Coulson (J., 1929, 
2203, 2551) and by Clar and his co-workers (Ber., 1929,62, 351, 940, 
951, 1574, 3021). The product was not 1-methylanthracene, 
however, but anthracene itself, one methyl group being eliminated 
from the ketone. This observation emphasises the need for con- 
firmGtion of structures assigned to a-alkylanthracenes obtained by 
pyrogenic means. For instance, H. Meyer and Bernhauer (Monatsh., 
1929, 53 and 54, 731) obtained an anthracene hydrocarbon, m. p. 
199", by distillation of benzyl-o-xylene, but were in error in regard- 
ing their product as 1-methylanthracene, which has been shown by 
several investigators to melt at 86" (e.g., von Braun and Bayer, 
Ber., 1926, 59, 916). The formation of 1 : 3-dimethylanthracene 
by pyrolysis of benzylmesitylene (Loui'se, Ann .  Chirn., 1885, 6, 185) 
shows that this loss of a-methyl groups is not universal. 2-Methyl- 
anthracene and its derivatives have frequently been obtained by 
pyrogenic methods (e .g . ,  Eng. Pats. 251,270 ; 253,911 ; Elbs, Zoc. cit. ; 
Morgan and Coulson, Zoc. cit.),  but no case of loss of a p-methyl 
group appears to have been recorded. 

6-Phenyl-1 : 2-benxanthracene (111) was formed by pyrolysis of 
1 -p-phenylbenzoyl-2-rnethyZnaphthlene (II), obtained from %methyl- 
naphthalene and p-phenylbenzoyl chloride : 
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Reduction of 3-methyl-1 : 2-benzanthraquinone (Scholl and 
Tritsch, Monatsh., 1911, 32, 997) with zinc dust and potassium 
hydroxide, although slow and incomplete, led to  3-methyl-1 : 2- 
benzanthracexe. 1 : 2-Benzanthraquinone reacted normally with 
magnesium phenyl bromide to give 9 : 10-diphenyE-9 : 10-dihydro- 
1 : 2-benzanthraquinoZ, which was reduced by zinc dust in boiling 
acetic acid to  9 : 10-diphenyl-1 : 2-benxanthracene. Subsequent t o  
this preparation these two compounds were described by Clar (Ber., 
1930, 63, 118). 

1 : 2-Benz-lO-anthrone (IV), formed by dehydration of l-naphthyl- 
phenylmethane-2'-carboxylic acid, was convert,ed by benzoic 
anhydride in pyridine solution into 1 : 2-benzanthranyl 10-benzoate, 
m. p. 171", whereas reduction of 1 : 2-benzanthraquinone with 
aluminium powder and concentrated sulphuric acid led to an 
anthrone (V), which gave the isomeric 1 : 2-benzanthranyl9-benzoate, 
m. p. 202-203". These two benzoates were obtained by Barnett 
and Matthews (Chem. News, 1925, 130, 339) from the mixture of 
anthrones obtained by reduction of benzanthraquinone with tin 
and hydrochloric acid and the methods of preparation now given 
require transposition of the orientations suggest,ed by these authors. 

(IV.) (V. 1 
1 : 2-Benz- 10-anthrone reacted normally with magnesium benzyl 

chloride. The resulting 10-hydroxy-10-bemyl-9 : 10-dihydro-1 : 2- 
benxanthracene was dehydrated to  10-benzyl-1 : 2-benmnthracene, 
and t'he same hydrocarbon was also formed in small yield when 
1 : 2-benzanthracene was heated with benzyl chloride and zinc dust 
in carbon disulphide solution (compare Lippmann and Fritsch, 
Monatsh., 1904, 25, 793). Treatment of 1 : 2-benz-10-anthrone 
with magnesium methyl iodide yielded only resinous products, and 
the same remark applies to the action of magnesium benzyl chloride 
on 1 : 2-benz-9-anthrone. 

With the object of obtaining intermediate compounds from 
which 9 : 10-dibenzyl-1 : 2-benzanthracene might be prepared 
by a method analogous to  that previously used for dibenzyl- 
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anthracene (Barnett and Cook, J., 1928, 567), 1 : 2-benz-9-anthrone 
and 1 : 2-benz-10-anthrone were heated with benzyl chloride and 
potassium hydroxide solution. Both anthrones yielded only 
resinous products. When 1 : 2-benzanthraquinone was heated with 
benzyl chloride and alkali in presence of sodium hydrosulphite, 
similar resinous products were formed, together with a small amount 
of a substance which had the composition and properties of a 
benxyloxybenmnthracene. Such a compound might conceivably be 
formed by monobenzylation and reduction of 1 : 2-benzanthraquinol. 
The anticipated benzylhydroxybenzanthrone was not isolated. 

3 -Acenap ht hylphen ylmet h ane- 2 ' -car b ox y lic acid was corn plet ely 
sulphonated in 2 hours by concentrated sulphuric acid at  room 
temperature, but was dehydrated by zinc chloride to  acenaphth- 
anthrone (VI), not obtained pure but characterised as the acetate 
of its enol. This anthrone was reduced by zinc dust and sodium 
hydroxide to acenaphthanthracene (VII) and was converted 'by 
magnesium benzyl chloride into an unstable dihydroant hranol 
which passed into benxylacenaphthanthracene (VIII) : 

- "  
(VII.) (V1.j c i l  

An attempt to  condense acenaphthylene with phthalic anhydride 
was unsuccessful, the acenapht'hylene being polymerised by alumin- 
ium chloride to the polyacenaphthylene, m. p. 345-350", described 
by Dziewohski and Leyko (Eer., 1914, 47, 1685). 

Experiments are in progress which have as their object the 
preparation of derivatives of chrysene and other condensed 4-ring 
hydrocarbons together with more highly condensed compounds. 
It is probable that 3 : 4-benzphenanthrene has not yet been pre- 
pared, since the compound so described by Weitzenbock and Lieb 
(Nonatsh., 1912, 33, 564) may equally well be 1 : 2-benzanthracene, 
which has more recently been shown to have the same m. p. as their 
hydrocarbon. 

E x P E R I  M E N T A L. 

Phenylanthracenes. 
o-IododiphenyL-This compound was ment'ioned by Bachmanii 

and Clarke ( J .  Amer. Chem. Xoc., 1927, 49, 2049), who gave no 
description of its preparation. It was readily obtained in 7Ooh yield 
by the addition of a concentrated aqueous solution of potassium 



iodide to  a diazotised solution of o-aminodiphenyl * in dilute sulphuric 
acid. The crude iodo-compound was twice distilled in a vacuum 
and then formed a colourless viscous oil, b. p, 1 4 0 " / 3 4  mm. 
(Found : C, 53.2; H, 3.5. C,,H,I requires C, 61.4; H, 3.2%). 
The high figure obtained for carbon was probably due to the presence 
of diphenyl, but the substance was sufficiently pure for the subse- 
quent experiments. 

%o-ToZuoyldiphen,yl (I ; R = Ph),-A Grignard solution prepared 
from o-iododiphenyl (20 g.), magnesium turnings (1-7 g.), and ether 
(45 c.c.) was added slowly, with agitation, to  o-toluoyl chloride (10 
c.c.) diluted with ether (30 c.c.) and cooled to -10". After 4 hour 
at - lo", the solution was allowed to  warm slowly and then boiled 
for an hour. The product was decomposed with ice and hydro- 
chloric acid, and the crude ketone freed from unchanged acid 
chloride by passing steam into its alkaline suspension for & hour. 
It was then dried in ethereal solution with sodium sulphate and 
distilled in a vacuum. The chief fraction was collected at  190-192'1 
3-4 mm. The distillate, a yellowish syrup, was obtained in 550//0 
yield as a colourless crystalline powder, m. p. 66-67', by crystallis- 
ation from light petroleum (Found : C, 88.3; H, 5.95. C,,H,,O 
requires C, 88.2; H, 5.9%). This ketone gave a yellow solution in 
concentrated sulphuric acid. 

1-PhenyZanthracene.-The aforesaid ketone (5 g.) was boiled 
gently for 7* hours, and the product distilled. The red wax-like 
distillate was triturated with acetic acid and the solid in suspension 
wa>s collected after 2 days and recrystallised from alcohol, The 
product (0.85 9.) was obtained pure by recrystalIisation from ligroin 
and then twice from alcohol. It formed small, pale yellow prisms, 
m. p. 110-112', readily soluble in the usual media (Found : C, 94.1 ; 
H, 5.6. C,oH1, requires C, 94.5; H, 5.5%). 
%Phenyhnthracene.-2-Phenyl-9-anthrone (5 g.) (Scholl and 

Neovius, Ber., 1911, 44, 1078) was reduced with zinc dust (15 g.) 
activated with copper, and 2N-sodium hydroxide solution (100 c.c.). 
The product, after extraction of the zinc with hydrochloric acid, was 
recrystallised from methyl ethyl ketone and then from ethyl acetate. 
2-Phenylanthracene formed small, pale yellow leaflets, m. p. 207- 
207.5", sparingly soluble in most media (Found : C, 94.2 ; H, 5.4%). 

Di-o-tolyl Ketone. 
A Grignard solution prepared from o-bromotoluene (36.5 g.), 

maguesium turnings (5.1 g . ) ,  and ether (100 c.c.) was added slowly, 
with agitation, to  o-toluoyl chloride (30 c.c.) diluted with ether (100 

* The author is indebted to Professor G. T. Morgan, F.R.S., for a gift of 
the o-aminodjphenyl used in this experiment. 
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c.c.) at  - 10'. After Q hour the solution was allowed to warm and 
then boiled for an hour. The product was decomposed with ice 
and hydrochloric acid, and the crude ketone freed from unchanged 
o-toluoyl chloride and distilled (b. p. 307-308'). The solid distillate 
was recrystallised from methyl alcohol (yield, 25 g.) and then formed 
colourless needles, m. p. 64-67' (Found : C, 85.6 ; H, 6.5. C15H140 
requires C, 85.7 ; H, 6.7%). 

Pyrolysis. Di-o-tolyl ketone (5 g.) was boiled gently for 24 hours, 
and the product distilled. The distillate was diluted with alcohol 
and the resulting crystals were collected and recrystallised from 
ethyl acetate, forming colourless plates, shown by the method of 
mixed melting points to consist of pure anthracene. After removal 
of the solvents from the mother-liquor, oxidation of the residue 
with chromic acid in glacial acetic acid yielded anthraquinone but no 
ant hraqninonecarboxylic acid. 

Derivatives 04 1 : 2-Benzanthracene. 
6-Phenyl- 1 : 2-benzanthracene.-(i) Anhydrous aluminium chloride 

(11.5 g.) was slowly added to 9.4 g. of p-phenylbenzoyl chloride * 
(Scholl and Seer, Annalen, 1912, 394, 148; Wieland and others, 
ibid., 1927, 452, 7) and Z-methylnaphthalene (6.5 g.) in carbon 
disulphide (50 c.c.). After 3 hours, the reaction was completed by 
t hours' heating on the water-bath. !I%e product was decomposed 
with ice and hydrochloric acid, the carbon disulphide distilled off, 
and the steam-volatile 'by-products removed. The residue was dried 
and distilled in a vacuum (b. p. 265"/4-5 mm.). The distillate, an 
amber-coloured resin, was dissolved in hot ligroin, and the solution 
cooled. The resulting crystalline solid was obtained analytically 
pure by two recrystallisations from methyl alcohol. l-p-Phenyl- 
benxoyl-2-methylnaphthubne (11) formed colourless needles, m. p. 
109-110" (Found : C, 89.4; H, 5.6. C24H180 requires C, 89.4; 
H, 5.6%). The solution in sulphuric acid was cherry-red. 

(ii) l-p-Phenylbenzoyl-Z-methylnaphthalene (4 g.) was boiled 
gently for 8 hour, and the dark-coloured residue distilled. The 
distillate was recrystauised from benzene (yield, 0-3 g.) and then 
from ethyl acetate. 6-Phenyl-1 : 2-benxanthracene (111) formed pale 
yellow leaflets, m. p. 240-241" (Found : C, 94.4; H, 5.3. C24HiG 
requires C, 94.7; H, 5.3%). This compound gave a crimson solu- 
tion with a yellowish-green fluorescence in concentrated aulphuric 
acid. On gentle warming, the colour became purple and then 

* p-Phenylbenzoic acid was obtained in good yield by oxidation of 4-acetyI- 
diphenyl (Adam, Ann. Chim., 1888, 15, 255) with boiling alkaline potassium 
permanganate. 
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intensely blue. This colour reaction is shown by 1 : 3-benzanthracene 
itself and ah0 by all its hydrocarbon derivatives so far examined 
with the exception of the 9 : 10-diphenyl derivative. 

3-Methyl-1 : 2- benxanthracene. -3-Methyl-1 : 2-benzanthraquinone 
(5  g.), mixed with zinc dust (15 g,), was heated on the water-bath 
with concentrated aqueous ammonia (50 c.c.) diluted with water 
(25 c.c.). After 3 hours, the initial blood-red colour had faded to 
pale yellow but was restored by the addition of 50% potassium 
hydroxide solution (25 c.c.). After boiling for 20 hours, the solution 
was treated with a further 5 g. of zinc dust and then boiled for 50 
hours. Reduction was still incomplete, but the product was col- 
lected and zinc removed by hydrochloric acid and unchanged 
quinone by boiling alkaline sodium hydrosulphite solution. The 
residue was recrystallised from pyridine and alcohol, glacial acetic 
acid, and benzene-light petroleum. 3-Methyl- 1 : 2-benzanthracene 
formed almost colourless plates, m. p. 153-154" (Found : C, 94-1 ; 
H, 5.8. Cl&Cl, requires C, 94-2; H, 5.8y0). 

1 : 2-Benz-10-anthrone (IV).-Twenty g. of 1-naphthylphenyl- 
methane-2'-carboxylic acid (Scholl, Seer, and Zinke, Monatsh., 
1920, 41, 601) were intimately mixed with anhydrous zinc chloride 
(60 g.) and heated at 180" for 20 minutes. The molten mass was 
cooled and extracted with water and then with dilute sodium 
carbonate solution, the latter treatment removing a small amount 
of unchanged acid, Purification of the crude anthrone (16 g.) was 
not feasible on account of its instability. This method of preparation 
gave much better results than dehydration of the acid with concen- 
trated sulphuric acid, which led to considerable oxidation and 
sulphonation. 

1 : 2-Benzanthranyl 10-benzoate was formed when the anthrone 
was treated with benzoic anhydride and pyridine at 100". It melted 
at 171-172", in agreement with the figure given by Barnett and 
Matthews (Eoc. cit .)  for the compound which they suggested was the 
9- benzoate. 

1 : 2-Benmnthranyl I0-acetate was obtained when the above 
anthrone (3 g.) was treated at 100" for an hour with acetic anhydride 
(5 c.c.) and pyridine (20 c.c.). It formed straw-coloured needles, 
from benzene and alcohol, which melted at 156" to  a cloudy liquid, 
becoming clear at 163" (Found: C, 83-7; H, 4.85. C,,Hl,O, 
requires C, 83.9 ; H, 4.9%). 

10-Hydroxy-10-benzyl-9 : 10-dihydro-1 : 2-benxanthracene. - To a, 
Grignard solution prepared from benzyl chloride (6 c.c.) and 
magnesium powder (1-5 g.), cooled in a freezing mixture, was added 
finely powdered 1 : 2-benz-10-anthrone (IV; 5 g.). After 2 hours, 
the product was allowed t o  warm to room temperature, kept over- 
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night, and decomposed with ice and ammonium chloride. The 
washed ethereal solution was evaporated, and the residual oil mixed 
with 2 volumes of hot alcohol. The crystalline solid obtained by 
cooling was recrystallised from benzene-light petroleum (Found : 
C, 89.2; H, 5.9. C,,H,,O requires C, 89.3; H, 5*95y0). This 
dihydroanthranoZ formed a colourless crystalline powder, m. p. 
153-153.5". Treatment of its solution in boiling alcohol with a 
few drops of hydrochloric acid resulted in separation of a thick meal 
of crystals of 10-benxyl- 1 : 2-benxanthracene7 yellowish leaflets (from 
benzene), m. p. 195-196", intensely fluorescent in solution (Found : 
C, 94.1 ; H, 5.6. C,,H,, requires C, 94.3 ; H, 57%). The same 
compound was also obtained in small yield when 1 : 2-benzanthracene 
(6-4 g.), benzyl chloride (6.75 c.c.), and zinc dust (0.5 g.) were heated 
together in carbon disulphide (50 c.c.) for 16 hours. After removal 
of the solvent from the filtered solution a viscous oil remained. I t s  
ethereal solution slowly deposited the 10-benzyl- 1 : 2- benzanthracene. 

1 : 2-Benx-9-anthrone (V).-This was obtained when aluminium 
powder (12.5 g . )  was slowly added with occasional cooling to a 
solution of 1 : 2-benzanthraquinone (50 g.) in concentrated sulphuric 
acid (600 c.c.). After 3 hours, the orange-yellow solution was 
poured into ice and water, and the precipitate collected and dried in 
a vacuum desiccator. The resulting brown powder was recrystal- 
lised from chloroform, in which it was extremely easily soluble. It 
could not be obtained analytically pure on account of its instability, 
but was converted by benzoic anhydride in pyridine into the benzoate, 
m. p. 201-202", described by Barnett and Matthews (Zoc. cit .) .  
This benzoate, which depressed the m. p. of the 10-benzoate, is 
clearly 1 : 2-benzanthranyl 9-benzoate. 

Be?zxylation of Benmnthraquino1.-A boiling suspension of 1 : 2- 
benzanthraquinone (5.2 g.) in 10 yo potassium hydroxide solution 
(100 c.c.) was treated with excess of sodium hydrosulphite and then 
with benzyl chloride (4-6 c.c.). After 2 ~ O W S '  boiling, addition of 
more potassium hydroxide solution (20 c.c.) and benzyl chloride 
(1 c.c.) resulted in rapid fading of the red colour of the solution. 
Steam-volatile products were removed and the residual resin was 
dissolved in hot alcohol. The solution yielded, on cooling, a small 
amount of crystalline material, which was recrystallised from 
benzene and alcohol. The substance, probably 10-benxyhxy-1 : 2- 
beneanthracene, formed colourless needles, 111. p. 178-179". Its 
solut'ions in benzene and in sulphuric acid were fluorescent, and 
alcoholic alkali produced no '' anthranol colour " (Found : C, 90.1 ; 
H, 5.6. 

Acenaphtha.nthrone (VI).-3-Acenaphthylphenylmethane-2'-carb- 
oxylic acid (12 g.), prepared by reduction of the corresponding keto- 

C,,H,,O requires C, 89.8; H, 5.4%). 
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acid with zinc and sodium hydroxide (compare Lorriman, J .  Amer. 
c'hem. sot., 1925, 47, 215), was dehydrated with zinc chloride (36 g.) 
in the manner described for the preparation of 1 : 2-benz-10-anthrone. 
The acenaphthanthrone, obtained in good yield, had little power 
of crystallisation and was characterised as the acenaphthanthranyl 
ncetate, obtained with acetic anhydride and pyridine at 100" and 
recrystallised from xylene. This acetate formed straw-coloured 
needles, m. p. 229-230" (Found : C ,  84.5; H, 5.15. C,,H,,O, 
requires C, 84.6 ; H, 5.1 yo). 

Acenaphthanthracene (VII).-The aforesaid anthrone (from 12 g .  
of acid) was reduced by boiling for 16 hours with zinc dust (35 g.) 
and 2-X-sodium hydroxide solution (200 c.c.). The product, after 
extraction of zinc with hydrochloric acid, was crystallised from 
acetic acid (yield, 4 g.) and obtained analytically pure by recrystal- 
lising it twice from xylene and twice from benzene. This hydro- 
carbon formed yellow plates, m. p. 192", and gave the usual benz- 
anthracene colour reaction with sulphuric acid (Found : C, 94.5; 
H, 5.5. 

1 O-Be 11 zylacenaphthant hracene (VIII) .-Acenapht hant hrone (1'1 ; 
1 mol.) was treated with magnesium benzyl chloride (3 mols.) as 
described in the case of 1 : 2-benz-10-anthrone. The intermediate 
dihydroant hranol was unstable and partly dehydrated to  the hydro- 
carbon even by boiling alcohol. Conversion was completed by 
crystallisation from glacial acetic acid and the product was finally 
recryst allised twice from ethyl acetate. lO-Benxylacenaphth - 
anthraceize formed pale yellow needles, m. p. 199-200" (Found : 
C ,  93-9; H, 5-8. 

C,,H1, requires C, 94.5; H, 5.5%). 

C2,HZo requires C, 94.2 ; H, 5.8%). 
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