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1. 

I N T 3 0 D U C T I O ld . 

In recent years the study of benzanthrone and its 

derivatives has offered the organic chemist a subject 

for numerous investigations. During the course of a 

research into the Skraup reactions as applied to 

anthraquinone, Bally (Ber., 1905, 38, 194) originally 

prepared benzanthrone by heating anthraquinone with 

glycerol and sulphuric acid in the presence of a reduc- 

ing agent. Although two interpretations of this 

reaction have been put forward, neither is in complete 

agreement with experimental evidence. The two inter- 

pretations, however, agree on one point, namely, that 

the reaction depends upon the condensation of anthrone 

(I) and acrolein (formed from the glycerol and acid), 

followed by elimination of water and hydrogen, to yield 

benzanthrone II. 

CHO.CH: C N2 

CMz 

0cc 
Go 

-147.0 

-Ni 

CO 

Bally and Scholl (Ber., 1911, 44, 1656) stated 

that the reaction between anthrone and acrolein was due 
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to a condensation of the aldol type. 

co 

The modern conception of this reaction, 

however, is based on the work of Meerwein (J. prakt. 

Chem., 1918, 2, 97, 234) according to which the initial 

condensation of enthrone and acrolein is thought to 

take place through the addition of an anthrone hydrogen 

to the double bond in the acrolein nucleus. 

co 

Scholl and Seer (Ann., 1912, 394, 111) later 

synthesised benzanthrone by a method which has since 

been applied to the preparation of various substituted 

derivatives. On baking 1- benzoylnaphthalene with 

aluminium chloride, benzanti:rone was obtained, the 

reaction being a process of aerial oxidation. 



-H 

The synthesis of benzanthrone, as carried out by 

Schaarschmidt (Ber., 1918, 51, 1082), proves its 

structure. The acid chloride of ortho- l- naphthyl 

benzoic acid is converted quantitatively into 

benzanthrone by treatment with aluminium chloride, 

Much confusion has arisen in the literature owing 

to the existence of several methods of numbering the 

benzanthrone molecule. The systems which were in use 

primarily were based upon the anthracene nucleus and 

are given below, I and II. Of these, II is still used 

by the Journal of the Chemical Society. The Inter- 

national System of Nomenclature ", III, employed in the 

bulk of present -day technical literature, and also 

recommended by Heilbron (Dictionary of Organic Compounds) 
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will be adopted throughout this thesis. 

1. 

a 

The peri- derivatives of naphthalene are of 

particular importance in the study of benzanthrone, as 

they offer access to some interesting syntheses of more 

complex compounds. During recent years the 8- halogeno 

l- naphthoic acids have been attracting special attentio 

A satisfactory source of the acids th ich has been 

employed by Rule and co- workers (J., 1934, 170) was 

found in the mercuration method of Whitmore (J.A.C.S., 

1929, 51, 1831, 3363) . Naphthalic acid or anhydride 

is mercurated by means of mercuric acetate. The 

anhydro- 8- hydroxymercuri -l- naphthoic acid obtained is 

then treated with bromine (or chlorine) to give the 

8- halogeno -acid. 
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Acids of this type have been successfully employed 

in the preparation of benzanthrones by making use of the 

Ullmann reaction (Ber., 1901, 34, 2174; Ann., 1904, 

332, 38), in which halogenated aromatic compounds are 

heated with finely divided copper ( "copper bronze ") 

whereby halogen is eliminated as the cuprous salt, and 

a dinuclear compound formed. 

Ullmann found that the reaction proceeded smoothly 

with all iodo- compounds. For example, by heating iodo- 

benzene with copper powder at 230 °C in a sealed tube 

diphenyl was formed. 

The corresponding bromo- and chloro- compounds were 

not found to be reactive, unless the activity of the 
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halogens was stimulated by the presence of substituents 

in certain positions. Thus, while metaand para 

nitrochlorobenzenes were not reactive, ortho nitrochloro- 

benzene readily underwent the reaction to give 2 :2'- 

dinitrodiphenyl. 

G.L fiCu 
02 

Cu Cii 

A carboxyl group in the ortho position confers a 

similar type of activation on the halogen atom. 

Kalb (Ber., 1914, 47, 1724) first applied th 

Ullmann reaction to 8- halogeno- l- naphthoic acids in thel 

form of their esters in his synthesis of the dyestuff 

anthanthrone. The ethyl ester of 8- chloro- l- naphthoic 

acid was subjected to treatment with copper powder at 

290 °C, diethyl 1: 1 '- dinaphthyl- 8 :81- dicarboxylate bein 

formed. The latter compound underwent ring closure 

when warmed with concentrated sulphuric acid, yielding] 

anthanthrone . 
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Rule and Barnett (J., 1932, 2728) concluded from 

their investigations that the halogens in methyl 

o- iodobenzoate and methyl 8- bromo- l- naphthoate were 

comparable in reactivity. The Ullmann reaction was 

carried out at 190- 200 °C. with these two compounds by 

Barnett (Thesis, Edinburgh, 1932) who obtained a 45% 

yield of methyl 8- (o- carbomethoxyphenyl) -1- naphthoate 

ír c oome 

(::)(::) 
4- 

mss.00G 

On treating the phenylnaphthyl carboxylate with 

concentrated sulphuric acid, Rule and Pursell (J., 1935, 

571) converted it quantitatively into benzanthrone 

carboxylic acid. 



By carrying out the Ullman reaction at a 

lower temperature and using excess of the iodobenzoate, 

F. R. Smith (Thesis, 1935) increased the 

yield of methyl 8- '(o- carbomethoxyphen,; 1) -1- naphthoate 

to 75%. 

While attempting to effect a further cyclisa- 

tion of 11- carboxybenzanthrone, Rule and Bigelow 

(J., 1935, 573) showed that the more vigorous action of 

concentrated sulphuric acid at 130 -150 °C led to partial 

decarboxylation to benzantbrone, accompanied by oxidatiion 

of the acid, the desired formation of l :ll- ketobenzanthrone 

(III) only occurring to a slight extent. The 

product so obtained was provisionally formulated as the 

lactone of 1- hydroxy -11- carboxybenzanthrone (II). 

11- Carbomethoxybenza.nthrone was isolated by the treat- 

ment of the phenylnaphthyl di carboxylate with sulphuri 

acid at temperatures well below 100 °C. 
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Summary of Action of Concentrated Sulphuric Acid on 

Methyl- 8-( o- carbomethoxyphenyl )- 1- naphthoate. 

ii 
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l :ll- Ketobenzanthrone (III) was readily 

prepared in quantitative yield, however, by the action 

of phosphorus pentoxide on a solution of 11- carboxy- 

benzanthrone in molten phthalic anhydride at 200 °C. 

The compound possesses no useful dyeing properties, 

owing to the fact that alkalis slowly rupture the 

1 :11- ketonic bridge to form soluble salts of benzanthrone 

carboxylic acids. 

Substitution of benzanthrone. 

3- Halogeno- benzanthrone derivatives are 

prepared by direct halogenation in glacial acetic acid 

solution or in aqueous suspension (B.A.S.F., D.P. 193959; 

C., 1908, I, 1112). The structure of the direct 

bromination compound of benzanthrone was conclusively 

proved by the work of F. R. Smith (loc. cit.) who 

subjected methyl o -iodo- benzoate and methyl 5 :8- dibrom- 

1-naphthoate to treatment with copper bronze. The 

resulting phenylnaphthyl derivative was cyclised with 

sulphuric acid to give 3- bromo- benzanthrone- 11- carboxy le 

acid which, on decarboxylation by the copper and 

quinoline method, gave 3- bromobenzanthrone. This 

product proved to be identical with that obtained by 

the direct bromination of benzanthrone. 
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Dichlorin_ation of benzanthrone results in the 

formation of a mixture of isomeric 3:9- and 3 :11- dichl.ro- 

benzanthron_es (Cahn, Jones and Simonsen, J., 1933, 444 . 

Further bromination of benzanthrone, however, gives a 

homogeneous product which has been designated as the 

3:9- dibromo- derivative (B.A.S.F., 1908, D.P. 193959). 

By employing methyl 2- iodo- 5- bromobenzoate and methyl 

5 :8- dibromo -l- naphthoate in the Ullmann reaction, 

F. R. Smith (loc. cit.) proved that this formulation 

was correct. 

While halogenation of benzanthrone takes place 

primarily in the 3- position, the 9- and, to a less 

extent, the 11- positions are also open to attack. 
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3- Nitrobenzanthrone, the structure of which 

was confirmed by F. R. Smith (loc. cit.) by means of 

an Ullmann synthesis on methyl- o- iodobenzoate and 

methyl 5- nitro -8- bromo -l- naphthoate, may be prepared 

by the nitration of benzanthrone in nitrobenzene 

solution at 40 -50 °C. (B.A.S.F. Addn. No. 6435 to P.P. 

349531). 

Nitration of benzanthrone in boiling glacial 

acetic acid, on the other hand, gave an isomeric com- 

pound which was believed for some time to have the 

nitro -group in the 9- position (Martinet and Drobatscheff, 

Chem. et Ind., 1929, 21, 227). It has since been 

established as 2-nitrobenzanthrone. 

3:9-Dinitrobenzanthrone is prepared by 

further nitration of 3-nitrobenzanthrone, or dinitra- 

tion_ of benzanthrone in nitric acid. F. R. Smith 

(loc. cit.) synthesised 3:9-dinitrobenzanthrone by 

applying the Ullmann reaction to methyl 2-iodo-5- nitro- 

benzoate and methyl 8- bromo- l- naphthoate. The two 

products were identical. 
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It may therefore be concluded that, as in 

the halogenation of benzanthrone, the 3- and 9- positions 

are preferentially attacked on nitration. The formation 

of 2- nitrobenzanthrone in glacial acetic acid appears 

as an exception to the normal rule of substitution in 

benzanthrone. 

Oxidation of benzanthrone and its derivatives. 

Position 2, is not attacked only by nitric 

acid, for oxidation. at 000 in sulphuric acid solution 

by means of manganese dioxide has been shown to give 

2- hydroxybenzanthrone (Scottish Dyes, E.P. 251313, 

278112, 277496). 

Under more drastic conditions benzanthrone 

and its derivatives containing substituents in the 

benz -nucleus are oxidised to anthraquinone -l- carboxylic 

acid (Liebermann and Roka, Ber., 1908, 41, 1425; 

Perkin, J., 1920, 706). 
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co caoH 

co 

If the oxidation of benzanthrone is carried 

out by means of aqueous potassium hydroxide aid 

potassium chlorate in the presence of a little anthra- 

quinone at about 250 °C., the main product obtained is 

4- hydroxybenzanthrone (Perkin and Spencer, J., 1922, 

121, 474). 

Bore recently it has been shown by Charrier 

and Ghigi (Gazz. Chin. Ital., 1933, 63, 685) that the 

oxidation of benzanthrore proceeds in a different 

manner if alkaline permanganate is used. The product 

obtained from this oxidation was mainly 2' :3- dicarboxy- 

2- diphenylvlyoxylic acid, along with a small quantity 

of anthraqui.none -l- carboxylic acid 

co 

By further treatment with acid permanganate, 
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2': 4- dicarboxy- 2- diphenylglyoxylic acid was converted 

into 2 :3 :21- diphenyltricárboxylic acid. 

It was also shown by these workers that if 

the 4, 5, and. 6 positions (and the keto group) were 

first reduced, thus forming 1 :10- trimethylene -9- hydrox - 

phenanthrone (IV), the oxidation proceeded much more 

quickly with alkaline permanganate, and a smaller 

quantity of anthraquinone -l- carboxylic acid was formed. 

IV 

i 

(:::1: 

coo H 

co.coo 14 

coop 

coo H 
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Grieve (Thesis, Edinburgh, 1936) examined the 

oxidation of ll- carboxybenzanthrone with alkaline 

permanganate, and isolated the previously unknown 

anthraquinone- 1 :8- dicarboxylic acid in small yield 
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Benzanthrone and Grignard Reagents. 

Two interpretations of the action of phenyl 

magnesium bromide on benzanthrone have been put forward. 

Allen and Overbaugh (J.A.C.S., 1935, 57, 7 40) prepared 

6- phenylbenzanthrone (I) by allowing benzanthrone to 

react with phenyl magnesium bromide. The phenyl - 

benzanthrone was oriented by oxidation with alkaline 

permanganate, when it was converted into a phenyl - 

anthraquino-ne-l- carboxylic acid (II) which on 

decarboxylation gave 1-phenylanthraquinone. 

i 
O 

CHM 

As a result of their investigations Allen and 

Overbaugh concluded that all the reactions of Grignard 

reagents on benzanthrone were a result of addition in 
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the 1:4- and possibly the 1 :2- positions. 

Clar (Ber., 1932, 65, 846) and Nakanishi 

(Proc. Imp. Acad., Tokyo, 1933, 9, 394) claimed that 

they prepared the 4- phenyl derivative of benzanthrone 

by the action of phenyl magnesium bromide on 

benzanthrone. 

Although the mechanism of the Grignard 

reaction is not accurately known, 1,2 -, 1,4 -, or 1,6- 

addition are all believed to take place. The L)ecial 

feature requiring 1 :4 addition is the bond structure 

0' 



18. 

CATALY`T'IC HYDROGENATION. 

Although the reducing power of hydrogen has 

been known since the beginning of last century, a 

systematic study cf hydrogenation in presence of a 

catalyst was only begun in 1897 by Sabatier working, 

firstly, with Senderens and later also with other 

collaborators. The procedure of hydrogenation con- 

sisted essentially in passing a mixture of the vapour 

of the substance to be reduced, mixed with excess 

hydrogen, through a tube containing the finely divided 

catalytic agent maintained at a controllable 

temperature, the products of the reaction being 

suitably collected on emergence from the heated tube. 

In Sabatier's book "La Catalyse en Chimie Organique" 

(1913), a detailed account of these reductions is 

given. 

The possibilities of platinum as a catalyst, 

however, were not fully realised until 1908. During 

that year three main methods were developed: 

I. Method of Paal using colloidal platinum as a 

catalyst (Ber., 1908, 41, 2733; ibid., 1909, 42, 

1541, 1553; ibid., 1912, 45, 2221; ibid., 1915, 48, 

287, 994). 

II. Method of Skita using colloidal platinum with 
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gum arabic as protective agent (Ber., 1908, 41, 2938; 

ibid., 1909, 42, 1627; ibid., 1912, 45, 3579). 

III. Method of Wilstatter using platinum black as 

catalyst (Ber., 1908, 41, 1475 to 1918; 51, 767). 

Paal and Skita gave us our knowledge of the 

catalytic action of the colloidal metals of the 

platinum group, and Willstatter, the most general 

application of palladium and platinum black to direct 

hydrogenation. 

It was later observed that the activity of 

platinum black employed as a catalyst depended upon the 

amount of oxygen absorbed by it. In 1900, ruler 

noticed that platinum black, freed from oxygen, was 

quite inactive as a catalyst, but the nature of the 

absorbed oxygen was not known until 1916. In that 

year Wohler (J.A.C.S., 1916, 36, 3475) showed that 

true oxides or hydroxides were formed when platinum 

black absorbed oxygen. Willstatter and Waldschmidt- 

Leitz (Ber., 1921, 54, 103) believed that oxygen 

played the part of a promoter. They not only found 

that the presence of oxygen in platinum enhanced its 

reducing properties, but also that the toxic action of 

platinum poisons could be overcome by the admission of 

oxygen or by the addition of more catalyst. 

The oxides of platinum were therefore 

prepared in a finely divided state. In 1922 Voorhees 
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and Adams (J.A.C.S., 1922, 44, 1397) fused chloro- 

platinic acid with sodium nitrate and obtained a very 

active platinum oxide catalyst, the properties of which 

were described in a later paper (Adams and Shriner, 

J.A.C.S., 1923, 45, 2171). The catalyst prepared thu 

was less sensitive to poisons than platinum black, and 

permitted the reduction of large quantities of materia 

with relatively small quantities of catalyst. Reacti n 

occurred in a short time at room temperature and under 

a pressure of 3 -4 atmospheres. 

Factors influencing Hydrogenation. 

The activity of the catalyst, upon Waich the 

rate of reduction of a given compound depends, is 

affected by many conditions, among the more important 

of which are the temperature, pressure, state of 

division and method of preparation of the catalyst, 

the presence or absence of foreign bodies, and several 

other factors such as rate of stirring and degree of 

agitation. 

Hydrogenations in general are carried out in 

solution. If difficulty is experienced in dissolving 

the compound, solution may be effected by heating. 

Heating in itself facilitates hydrogenation; indeed 

a rise of 10 °C frequently doubles the rate of reduction. 

Another factor which exerts a great influence on the 

reduction is pressure. The greater the molecular 
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concentration the higher is the reaction velocity; 

increased pressure gives an increased molecular con- 

centration and hence a higher reaction velocity. Surface 

area is also of primary importance in catalytic hydro- 

genations. The greater the surface area of the catalyst, 

the more efficient is the hydrogenation reaction. The, 

rate of reaction, therefore, depends largely upon the 

fineness of division of the catalyst. The solvent itself 

also exerts a marked influence on the rate of the reaction 

and in several cases it even influences the course of the 

change. The marked effect of promoters and inhibitors 

is well known and has to be taken into account in any 

study of catalytic hydrogenation. 

The work described in the present thesis 

falls into four parts: 

(a) the hydrogenation of benzanthrone I ; 

(b) the hydrogenation of f luorenone II ; 

(c) the hydrogenation of l :ll- ketobenzanthrone III ; 

(d) the hydrogenation of 11- carboxybenzanthrone IV. 

OC 
OC 

Co HO OC 
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SUMMARY OF EXPERIMENTAL WORK AND 

DISCUSSION OF RESULTS. 

I. Earlier Work on the Hzdrogenation of Benzanthrone 

using Nickel as Catalyst. 

The catalytic hydrogenation of benzanthrone, 

using nickel as catalyst, was first carried out by 

Braun and Bayer ( }er., 1925, 58, 2667), who represented 

the reduction as taking place in the following stages: 

.N 

9-trmEthyLEnÉ 
anthra,rtoL 

,rn.h. i 

tC2N5bH 

1 :9- tr,*nEt. ñvlene -5 7:S 

titra{lydroa*.thra -tenti 

cot+ 

rq-trimethyitne -S:G:`Y'g' 
Crahyclroa+ thTnoL ''Ì , i3l °. 

1:4-e,.,,cttilcne-i:4 
htxahyd* ónt r4 et-m4 . 
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By comparing the hydrogenation of benzanthrollie 

with that of phenanthrene and anthracene, these workers 

came to the conclusion that the reduced benzanthrone 

derivatives first formed contained an anthracene and 

not a phenanthrene nucleus. The same investigators 

reduced benzanthrone by chemical means, using sodium 

hydrosulp:iite, zinc dust or hydriodic acid and red 

phosphorus, the results obtained being the same as 

those previously recorded by Bally and Scholl (Ber., 

1907, 44, 1661 -1662) . By this means three hydrocarbon 

derivatives, dihydrobenzantbrone, benzanthrene and 

dihydrobenzanthrene, were isolated. 

C.OH 
11 naS,a4 

< 

1)t.4.3 clro beY+3a.nihronG. 

Htt I 

C Ha 

i.ñ.yara bETbrtñtEnE 
.,.,., h, goo 

A, few years later, Clar and Furnari (Ber., 

1932, 65, 1420, and 1935, 68, 2066) repeated Braun and 
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Bayer's experiments (hydrogenation only being carried 

as far as the 1:9-trimethyleneanthranol stage) , and 

obtained the same products, but stipulated a different 

course for the reaction. The structures adopted by 

Clar and Fumari are given below. 

1:10-tr,.,etb9 lE- c-- 
p hEttlhEkrEnÊ 

woo-. 
Hydrora.d o,.. 

OH 

7 
drobG-xntñ7-4r.6 

-D1 IV kTD 6iTlAh1. kTOTf I: iO- ['r1+.+Etky IErLE 
f1- 1y<TOX`j' 
47kE..ailthTEnE. 

Znicl its f 

6c..3a1 -%E E 

The essential difference between the course 

of the reaction given by Clan and Fumari and that of 
Braun and Bayer is that the former assumes that the 
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reduced product contains a phenenthrene nucleus, 

whereas the latter assumes that it has an anthracene 

nucleus. Clar and Furnari arrived at their decision 

by means of an examination of the absorption spectra 

and extinction curves of the reduced products, which 

resemble those obtained for reduced phenanthrenes. 

Further evidence for the formulation of Clar and Fumari 

is provided by the oxidation of 1:10-trimethylene-9- 

hydroxyphenanthrene (the 1 :9- trimethyleneanthranol of 

Braun and Bayer) by means of alkaline permanganate as 

carried out recently by Charrier and Ghigi (loc. cit.). 

Under these conditions the compound was degraded to 

2': 3- dicarboxy- 2- diphenylglyoxylic acid, a reaction 

which cannot be explained on the structure of Braun 

and Bayer. 

a 

II. The Hydrogenation of Benzanthrone, using Platinum 

Oxide or Palladium precipitated on Barium Sulphate as 

Catalystss. 

During the present work, dihydrobenzanthrone 

and 1: 10- trimethylene -9 -hy droxy phenanthrene were first 

prepared from benzanthrone by catalytic hydrogenation, 
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at room temperatures, under 2 -3 atmospheres pressure, 

using platinum oxide or palladium as catalyst, the 

results obtained being identical with those of Clar an 

Furnari (loc. cit.), who used a high temperature and a 

nickel catalyst. Reaction took place readily, th 

hydrogenation of benzanthrone to 1:10- trimethylene -9- 

hydroxyphenanthrene only requiring 41 hours f ór its 

completion. Under the experimental conditions employed, 

the different stages of hydrogenation are very clearly 

defined, and the purity of the reaction is high, 

practically no impurities being present. In this con 
do not 

nection it is noteworthy that Clar and Furnari/ quote 

the yields obtained by them. 

Dihydrobenzanthrone is a relatively unstable 

compound in air, and under the influence of light it 

readily undergoes disproportionation in the presence 

of glacial acetic acid or strong alkalis, to form 

benzanthrone and 1: 10- trimethylene -9- hydroxyphenanthrene. 

176w;6rit- tirOrE 

c.oH 

,ñErbhri,-r En(, 
As alkalis are not generally used as hydroge 

tion media, glacial acetic acid is the best solvent fo 

effecting the disproportionation of dihydrobenzanthron 

a- 
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This factor would appear to be of considerable import- 

ance, as the more readily disproportionation- takes place, 

the more readily does the hydrogenation of benzanthrone 

to 1: 10- trimethyler __e- 9- hydroxyphenanthrene proceed. 

Support for this point of view is found in the fact that 

the velocity of hydrogenation was greater in acetic acid 

solution than in any other solvents employed. Various 

accelerators, including hydrochloric acid, sulphuric 

acid aaid ferric chloride, were tested, of which the 

last -named was found to be the most satisfactory in 

speeding up the reaction. 

A convenient derivative for identifying 

1 :10- trimethyler _e- 9- hydroxyphenanthrene has been found 

in the picrate, which is readily prepared by boiling 

the compound in ako olio solution with picric acid. 

III. Reduction Products of 1:10-Trimeth7lene-9- 

11ydrox hensnthrene, and Further Evidence that Reduced 

Benzanthrone Derivatives contain Phenantbrene Nuclei. 

By more prolonged hydrogenation in presence 

of platinum oxide or palladium as catalysts, it was 

found possible without difficulty to bring about the 

absorption of 4 and. 6 atomic proportions of hydrogen 

respectively. The resulting compounds and their 

derivatives proved to be identical with those prepared 

by Braun and Bayer (loc. cit.) by the hydrogenation of 
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benzanthrone in an autoclave at a high temperature, and 

using nickel as a catalyst. As already stated, the 

above authors designated the substances as anthracene 

derivatives, namely, as 1:9-trimethylene-5:6:7:8-tat:2a- 

hydroanthranol and 1:9- trimethylene- 5 :6 :7:8- tetra- 

hyd.roanthracene respectively (see p. 22). 

If their formulation were correct, either of 

these compounds on oxidation would be expected to yield 

a benzene tricarboxylic acid. 

coo N 

Actual experiment, however, h's now shown that the 

oxidation product is not a tricarboxylic acid but 

phthalic acid. The hydrogenated derivatives E -e, 

therefore, concluded to have the structures II and III 

and to be correctly described as 1:10- trimethylene -9- 

hydroxy- 1 :2:3 :4- tetrahydrophenanthrene and 1 :10 -tri- 

methylene- 1 :2 :3 :4- tetrahydrophenant }gene. In the 

accompanying forr_ralae the stable benzenoid ring is 

indicated by the letter A. 
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The picrate of 1:10- trimethylene- 9- hydroxy- 

1 :2 :3 :4- tetrahydrophenanthrene was found to be formed 

on boiling the parent hydrocarbon with an equi_nolecul 

quantity of picric acid in alcohol, and is a convenien 

derivative for identification. 

In all the hydrogenations of benzanthrone 

carried out using platinum oxide or palladium precipitated 

on barium sulphate as catalysts, the yields of the reduced 

products were greater than 90 :. These high yields are 

in agreement with the fact that the reduced substances 

are isolated immediately in a high degree of purity. 

As the hydrogenation proceeds, it is interest- 

ing to note that regular changes occur in the fluorescence, 

solubility and melting points of the reduced products. 

These changes are summarised in the following table. 

TABLE I. 

Substance. 

Fluorescence 
in Acetic 
Acid 

Solubil- 
ity in 
Acetic 
Acid M. p. 

Benzanthrone Greenish- 
yellow 

Fairly 
soluble 

172° 

Dihydrobenzan- Greenish Fairly 152 -153° 
throne soluble in 00,, 

atmospher: 

1:10-trimethylene- Pale green Moderately- 151 -152° 
9 hydroxyphenan- 

tbrene 

1 :10- trimethylene- 
9- hydroxy- 1 :2 :3 :4-- 

Bluish green Soluble 
with ease 

136 -137° 

tetrahydroph.enan- 
threne 

1 :10- trimethylene- Blue Very B.p./1 5_,,,. 
1:2:3:4- tetra- 
hydrophenanthrene 

soluble 210 -212° 
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It will be seen that as the degree of hydro- 

genation becomes greater, the fluorescence changes 

from green to blue, the solubility increases and the 

melting point falls. 

The course of the hydrogenation of 

benzanthrone, so far as it has been realised experi- 

mentally, may thus be represented as follows: 



IV 

I. Benzantrrone. 

IIa. Di,lydrobenzanthrone (4-hydrobenzantrsol-7). 

IIb. Dihydrobenzanthrone (6-hydrobenzantivrol-7). 

III. 1:10-Trimethylene-9-hyd.roxyphenanthrene. 

IV. 1:10-Trim.ethylene-9-hydroxy-1:2:3:4-tetrahydro- 
phenanthrene. 

V. 1:10-Trimethylene-1:2:3:4-tetrahydrophenanthrene, 
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IV. The Catalytic Hydrozenation of Fluorenone. 

In common with ketobenzanthrone, which is 

dealt with later, fluorenone contains a 5- membered 

ketonic ring, and the reduction products obtained from 

fluorenone itself may be expected to throw some light 

upon the course taken in the reduction of ketobenzanthrone. 

No previous experiments upon the hydrogenation of 

fluorenone by catalytic methods appear to be recorded 

in the literature. In the presence of platinum black 

or palladium precipitated on barium sulphate and at 

ordinary temperature under a pressure of three atmos- 

pheres of hydrogen, fluorenone was found to be hydrogenated 

rapidly to give, firstly,fluorenyl alcohol,and then 

f l uor e ne . 

In each case the yield of pure compound 

obtained was greater than 90%. On plotting the hydrog 

absorption against the time, a linear reaction graph 

was obtained which is reproduced below. A break in tñ 

graph (x) indicates practically complete conversion 

into the intermediate fluorenyl alcohol. 

en 
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V. Catalytic Hydro,enation of 1 :11- Ketobenzanthron.e. 

When l :ll- ketobenzanthrone was allowed to 

absorb 4 atomic equivalents of hydrogen, 1:11- methyleno- 

benzanthrone was obtained. The course of the reaction 

to this stage is a problem of some interest. There 

are two ways in which it could take place, as shown in 



the following scheme. 

oc 
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It was at first considered that the reaction 

proceeded in a manner analogous to the reduction of 

fluorenone (course I) but experiment showed that the 

intermediate compound (2H) was extremely unstable and 

readily underwent oxidation in air to regenerate 1:11 - 

ketobenzanthrone. Fluorenyl alcohol, however, is a 

stable compound and there is no apparent reason why 

the corresponding hydroxylic derivative from keto- 

benzanthrone should be unstable. Course II, in which 

a di -enol is formed, is regarded as conforming better 

to the experimental details than course I although no 

conclusive proof has been obtained of its validity. 

1 :11- Methyleno- benzanthrone, structurally 

similar to fluorene, does not decolourise bromine in 
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the cold, whereas ?ihydrobenzanthrone, which possesses 

an unsaturated alicylic ring, readily decolourises 

bromine. If one or both of the two hydrogen atoms 

absorbed by the above di -enol had entered the ring, the 

product would have been expected to resemble dihydro- 

benzanthrone in exhibiting unsaturated properties 

towards bromine. Evidence that hydrogen has actually 

removed one oxygen atom is provided not only by analysis 

figures, but also by the insolubility of the product 

in alkali, which shows that no phenolic group is present. 

The remaining oxygen atom must, therefore, still be in 

the original ketonic state. For these reasons the 

compound obtained from 1:11- ketobenzanthrone by absorp 

tion of four atomic proportions of hydrogen is designa ed 

as 1:11- methylenobenzanthrone. 

1:11- Methyleno -4 (or 6 ) -hydrobenzanthro l -7 

was readily prepared from l :ll- ketobenzantbrone by the 

absorption of 6 atomic equivalents of hydrogen, or fro 

1:11 -methyleno- benzanthrone by the absorption of 2 ato 

equivalents of hydrogen. This compound, though it must 

be assumed to be similar to dihydrobenzanthrone in 

structure, differs from the latter compound in being 

stable in air. The phenolic group is reactive and is 

readily benzoylated to give the benzoyl -derivative. 

The position in which the hydrogen enters the ring, 

however, cannot yet be stated with certainty. That a 

hydrogen atom enters into a ring is substantiated by the 
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fact that the compound decolourises bromine water. 

e. 014 

041 

4 4 

According to Clar and Furnari's work on the 

interaction of benzanthrone with Grignard reagents (p.17) 

and their work on dihydrobenzanthrone (p.23), the 

further hydrogenation of 1:11- methyleno- hydrobenzanthr 1 

might be expected by analogy to attack the molecule in 

position 4. On the other hand, the views of Allan an 

Overbaugh (loc. cit.), who also worked on the behavio 

of benzanthrone towards Grignard reagents, suggest tha 

hydrogenation should occur in position 6. No matter 

whether the Grignard reaction or hydrogen addition is 

under discussion, it is not definitely known whether 

the addition of the reagents occurs by 1:4- or 1:6- 

diene addition; 1:2 diene addition is less probable, 

but can also be regarded as a possibility. 
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In the present instance it is suggested 

provisionally that the reaction takes place in one of 

the following ways, no definite proof being available 

to decide between these alternatives. 

Whichever of the above courses the reaction 

takes, further hydrogenation of 1:11- methyleno -hydro- 

benzanthrol may be expected to attack position 5 and 

either 6 or 4, depending on which of these last two 

positions is still incompletely saturated. In this 

1 



36. 

manner, either of the postulated compounds, 1:11- - 

rr.ethyleno-4-hydrobenzanthrol-7 or 1:11-methyleno-6- 

hydrobenzanthrol, on absorption of two atomic equival nts 

of hydrogen, would lead to the production of 1:11 - 

m ethyleno- 4 :5:6- trihydrobenzanthrol -7 (see foregoing 

diagram). Evidence for the correctness of this 

structure is supplied by analogy with the case of 

benzanthrone, and also by the degradation of the com- 

pound with alkaline permanganate. On the above formula- 

tion, oxidative degradation would be expected tc yield 

a diphenyl tetracarboxylic acid in which the carboxyl 

groups should occupy either the 2:3 :2' :61- or 2:3:6:2' - 

positions. 

o 
HOOC 

14-00C 

Actual experiment gave a diphenyl tetra - 

carboxylic acid, m.p. 244 -2 =6 °, the constitution of which 

was determined by carbon and hydrogen analysis and by 

titratio_z. In the case of the methyleno- benzanthrone 

derivative, the behaviour of the methylene bridge on 

oxidation cannot be forecast with certainty, and the 

resulting carboxyl group might be attached to either of 

the nuclei A or B. On the other hand, there is less 

doubt in this connection in discussing the analogous 
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case of 11- carboxy- 4:5 :6- trihydrobenzanthrol -7, which 

on oxidation should give rise to 2:3:2t:61-diphenyl- 

tetracarboxylic acid. 

NOOC Noce 

o 

As is described later, this last oxidation 

has been carried through and a diphenyl tetracarboxylic 

isolated, which melted at 298 -3000 and was thus not 

identical with the tetracarboxylic acid obtained from 

the above methyleno -trihydrobenzanthrol. The latter 

acid, m.p. 244 -246 °, must therefore be given the 

alternative structure of a 2:3:6:21- diphenyl- tetra- 

carboxylic acid. 

As in the case of benzanthrone, the reduction 

products of 1 :11- ketobenzanthrone are obtained in a 

high degree of purity by the catalytic hydrogenation 

methods. The continuous modifications in the 

fluorescence, solubility and melting points,which occur 

as hydrogenation proceeds, are summarised in the follow- 

ing table. 



40. 

TABLE 2. 

Fluores- 
Solubility 
in glacial 

Substance. cence. Acetic Acid. M. p. 

1:11-ketobenzan- Faint Fairly 327° 

throne yellow soluble 

1:11-methyleno- Pale Moderately 190 -191° 

benzanthrone greenish - 
yellow 

soluble 

1:11-methyleno-4 
(or 6)-hydro- 
benzanthrol-7 

Pale blue Soluble with 
ease 

229-230° 

1:11-methyleno-4: Blue Very soluble 150-151° 

5:6-trihydro- 
benzanthrol-7 

(red 
solution) 

The maximum variation in colour change is 

from an orange soltuion with faint yellow fluorescence 

to a red solution with a blue fluorescence. The 

solubility of the product in glacial acetic acid 

increases as the reduction proceeds, but the melting 

points do not fall regularly, as in the case of the 

benzanthrone derivatives. 

To summarise the foregoing pages, it is seen 

that the hydrogenation of 1 :11- ketobenzanthrone takes 

place in a manner very similar to that of benzanthrone 

although the 1 :11 -keto- group, being the more reactive, 

is reduced primarily. The hydrogenation of the result- 

ing 1 :11- methyleno -benzanthrone then proceeds in the 

same way as that of benzanthrone, the various stages 

being represented in the diagram given below. 



DC HO.0 

I. 1 1 1-Yetobenzanthrone . 

,. Ii. 1:11-Methyleno-benzanthrone. 

IIia. 1:11-Methyleno-4-hydrobenzanthrol-7. 

IIIb. 1:11-Methyleno-6-hydrobenzanthrol-7. 

IV. 1:11-Methyleno-4:5:6-hydrobenzanthrol-7. 
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VI. The Reduction Products of 11- Carboxybenzant }.gone. 

The hydrogenation. of 11- carboxybenzanthron.e 

was carried out in a similar manner to the hydrogena- 

tion of benzanthrone. As was to be expected, the 

carboxy -group is not reduced under the experimental 

conditions employed. The position in the benzanthrone 

nucleus into which the hydrogen first enters is either 

4 or 6, and the same problem arises in this case as in 

that of 1 :11- ketobenzanthrone. 

The chemical reduction of the carboxylic aci 

to 11- carboxy- 4 :5:6- trihydrobenzanthrol -7 also takes 

place readily when zinc and aqueous sodium hydroxide are 

used, the ease of the change being probably due to the 

solubility of the starting material in caustic soda. 

In the case of chemical reduction, the yield is about 

10% lower than by the catalytic method. As has already 

been stated on p. 39, the oxidation of 11- carboxy -4 :5: - 

trihydrobenzanthrol -7 by means of alkaline permanganat 

led to the isolation of a carboxylic acid, m.p. 296 -30 ° 

which must be given the structure of 2 :3 :2' :6'- dipheny - 

tetracarboxylic acid. This acid is not identical wit 

the acid, m.p. 244 -246 °, obtained by the oxidation of 

1: 11- methyleno- 4 :5 :6- trihydrobenzanthrol -7, and the 

latter has, therefore, been formulated as the 2:3:6:2' - 

diphenyl tetracarboxylic acid. 

As in the other hydrogenations described, 
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changes in fluorescence, solubility and melting points 

occurred as hydrogenation proceeded. 

TABLE III. 

Substance Fluorescence Solubility M.p. 

11-Carboxy- 
benzanthrone 

Green 

11- Carboxy -4(or 6)- Pale green 
hydrobenzanthrol - 
7. 

11-Carboxy-4:5:6- 
trihyd.robenzan- 
throl-7. 

Pale blue 

Moderately 
soluble 

Soluble with 
ease 

Very soluble 

275° 

160 -161° 

98 -100° 

General Remarks on the Catalytic Hydrogenation of 

Benzanthrone, 1 :11- Ketobenzanthrone and 4- Carboxy- 

benzanthrone . 

In all cases, the purity of reduced compound 

was good and the yields were of the order of 90% or 

greater. 

s 

The higher the degree of hydrogenation, the 

greater was the solubility of the resulting compound, 

and chiefly for this reason it was not practicable to 

raise the yields much above 90%' on the small scale of 

operation which was adopted. In each series of hydro- 

genations, the most hydrogenated product had a blue 

fluorescence in glacial acetic acid. The reduction 

products obtained by catalytic hydrogenation could also 
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be prepared in many cases by use 

methods, such as zinc and sodium 

the yields were,in general, some 

of chemical reduction 

hydrol:ide, although 

what smaller. 

Palladium deposited on barium sulphate, when freshly 

prepared, was found to he a more efficient catalyst 

than platinum black for the above purposes. 
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E X P E R I M E N T A L. 

The experimental work carried out is 

described in the following pages. Yields of products 

are quoted as percentages of the maximum theoretical 

amounts obtainable. ilelting points are corrected, 

the thermometer used having been calibrated against 

short- stemmed "standard thermometers ". All new com- 

pounds have been analysed and the method of analysis is 

noted in each case. 

methods of Analysis. 

Halogen was determined by the method of Heir_, 

Hoyer and Klar (Zeit. analyt. Chem., 1928, '75, 161). 

In this semi -micro method, the halogeno- compound is 

oxidised by means of sodium peroxide, a small steel 

bomb being employed, and the sodium halide estimated 

by Volhard's volumetric method. 

Nitrogen was estimated by means of the micro - 

Dumas method. 

Specimens of the more important compounds, 

however, were analysed by the semimicro methods of 

Sucharda and Bobranski (Sammlung Vieweg, Heft 94, 192 ). 

A few were sent to Dr Weiler (Oxford), although the 

results obtained in this case were not satisfactory 
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owing to the difficulty of analysing benzanthrone 

derivatives at the speed normally employed for less 

complex organic compounds. 



 

J, 
c-i 
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The apparatus (Fig. I) is similar to that 

used by Buck and Jenkins (J.A.C.S., 1928, 51, 2163). 

The cylindrical copper tank A with openings 

B and C at either end is used as a container or resery it 

for the hydrogen gas. In B is welded a tube holding 

a Bourdon pressure gauge and a needle valve, through 

which the reservoir is charged from a cylinder of 

hydrogen. Another tube controlled by a needle valve s 

is welded in C. Into this tube is welded a third 

tube K with needle valves E and F at either end. 

Valve E is used for evacuating the apparatus, and valve 

F connects to the reaction bottle H, the arrangement 

being such that the tank can be shut off from either 

outlet, and direct connection made between the evacuat- 

ing pump and the bottle, thus cutting the tank out of 

circuit. Between the valve F and the bottle H is a 

second Bourdon gauge which indicates the pressure inside 

the bottle. 

The connection between the tank and the bottle 

is made by means of a heavy taped rubber tube which is 

connected to a capillary glass tube inserted through 

the rubber stopper of the bottle. 

The reaction bottle (300 c.c. capacity) is of 

thick pyrex glass, capable of withstanding a pressure 

of 200 lbs. /sq. in. It is held securely in a rocking 

frame which is rocked with a variable amplitude by 

means of a stiff connecting rod and a fly wheel driven 
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by a variable speed motor with rheostat. In order to 

hold the stopper in the bottle when the latter is fill d 

with hydrogen under pressure, a metal strap fixed 

between the stopper and the rubber tubing is finely 

clamped to the top of the rocking frame. 

The bottle is heated when desired, by means 

of an external electrically- heated coil of wire wound 

inside a cylindrical asbestos shell. A variable 

resistance in the circuit is used to regulate the 

temperature. 

The whole is rigidly fixed to a heavy wooden 

base. 
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Use Of The Apparatus. 

In using the apparatus it is essential to 

guard carefully against leaks and to control the 

temperature within narrow limits. 

The apparatus is first tested for leakage. 

The reduction bottle is attache' to the apparatus 

exactly as for a hydrogenation experiment, and is 

filled with hydrogen to a pressure of two atmospheres. 

As soon as equilibrium is reached, the temperature and 

pressure are recorded, and the bottled allowed to shake 

for six hours. If the drop in pressure is less than 

0'5 lb. the apparatus may be considered satisfactory. 

The tank A is then filled with hydrogen to 

a pressure of 4 -5 atmospheres. The solution, in a 

suitable solvent, of the substance to be reduced is 

poured into the bottle, and the catalyst added.. 

The bottle is attached to the apparatus and 

evacuated, the valves E and F being open and G closed. 

Evacuation is continued until the pressure is constant, 

or in the case of low boiling solvents until the 

solvent just begins to boil. The valve E is then 

closed and hydrogen is admitted to the bottle by open- 

ing the valve G. The valve F is closed and the 

pressure of the hydrogen in the bottle is read on the 

gauge. Shaking is commenced and continued until the 
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theoretical amount of hydrogen has been absorbed. Th 

hydrogen remaining in the bottle is then removed and 

air is admitted. 

The catalyst is recovered by filtering the 

solution through a hardened filter paper, and the 

reduction product isolated from the filtrate by 

distilling of the solvent. 

The platinum catalyst is eventually washed 

with fresh solvent and is then ready for a second 

reduction. 
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HYDROGENATIONS. 

Temperature and Pressure of Reductions. 

Most of the reductions were effected at room 

temperature, 15 °C., and under a pressure of 2 -4 

atmospheres. A few were carried out with heating, th7 

initial pressure being 4 -5 atmospheres. 

Calibration of Apparatus. 

A preliminary calibration of the apparatus 

was carried out for the absorption of one and two pro- 

portions of hydrogen, using 0.01 mole of pure benzoin 

and benzil, respectively, as standards. Complete 

hydrogenation to hydrobenzoin corresponded in the firs 

casé to a fall of 16 lbs. /sq. in. in pressure, and in 

the second case to 32 lb. /sq. in. 

Graphs. 

In the majority of the reductions, the initial 

substance was too insoluble in the solvent for graphs 

to be drawn. In a few cases, the hydrogen pressure 

was plotted against the time, and for the absorption of 

one mole hydrogen, linear reaction graphs were obtain d, 

characteristic for the hydrogenation of pure substance . 
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Preparation Of The Catalyst. 

1. Platinum Oxide. 

P t C 14 + 4NaN0 3------i Pt(No)4 + NaC1 

Pt(No)4 

Pt02 + H20 

Pt02 + 4NO2 + 02 

Pt02H2O 

Prepared according to the method of Adams, 

Voorhees and Shriner (Org. Syn., 1928, 8, 92). Sodium 

nitrate, A.R. (18 grams), was added to a solution of 

2 grams of alkali -free platinum chloride in 6 c.c. of 

water in a porcelain casserole, and the mixture care- 

fully evaporated to dryness. The temperature was 

gradually raised, and the full force of the Bunsen 

burner directed on the casserole for 30 minutes. The 

mass was allowed to cool and was then treated with 

50 c.c. of water. The brown oxide (1.2 grams) was 

washed by decantation, filtered through hardened filter 

paper on a Gooch crucible, washed until free from 

nitrates, and dried in a vacuum desiccator. 

Properties (Adams and Shriner, J.A.C.S., 1923, 45, 
2171) . 

"Exhausted" catalyst was reactivated by dissolv- 

ing in aqua regia, fi.lterin, evaporating to dryness 

three times with hydrochloric acid and then with a 
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little water, and finally fusing in the ordinary way 

with sodium nitrate. 

2. Palladium -Barium sulphate catalyst. 

Prepared according to the method detailed in 

Houben -Weyl, 1922, 2, 270. Freshly precipitated 

barium sulphate (20 grams) in 400 grams hot water was 

added to 1.7 grams palladium chloride in 50 grams 

water. 40% formalin, 1 gram, was added to the 

mixture, which was made alkaline with dilute sodium 

hydroxide and heated to the boiling point. When the 

supernatant liquid was clear and colourless, the grey 

precipitate was filtered off and washed with hot water 

until free from alkali. The catalyst was dried in 

vacuo over potassium hydroxide and stored in a dust - 

free, well stoppered bottle. 

Solvents. 

Extra pure B.D.H. benzene; glacial acetic 

acid; acetic anhydride; absolute and 95% ethyl 

alcohol, used without further purification; ethyl 

acetate; decalin; water. 

Hydrogen. 

Ordinary commercial hydrogen was found to b 

quite sufficient for the reductions. 
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PRLIPAR1TI0N OF 11-CARBOXYBENZANTHRONE ARD 

1:11-ILETOBENZANTHR0NE . 

8- Bromo- l- na¡phthoic acid. 

(Rule and co- workers, J.C.S., 1934, 170) 

(a) Mercuration of nap_hthal is acid. 

54 g. nephthalic acid 

21 g. sodium hydroxide 

55 g. yellow merucric oxide. 

The sodium hydroxide and naphthalic acid 

were dissolved in 1200 c.c. water with heating. The 

solution was filtered and placed in a 2 -litre flask 

fitted with a reflux condenser. The mercuric oxide 

was dissolved in a mixture of 40 c.c. glacial acetic 

acid and added. to the flask. The contents were then 

made distinctly acid. with acetic acid, when a light 

coloured suspension formed. After boiling the 

mixture for 96 hours, a test portion (containing solid 

in suspension) was completely soluble in sodium hydrox 

solution. The precipitate was filtered. off, washed 

well with water and dried at 110 °C. 

de 



Yield: 88 g. (97 ,, 

56. 

N g (O.CO C H3 )y 

(b) Bromination of mercury compound. 

80 g. anhydro-8-hydroxymercuri-l-naphthoic 
acid 

34 g. bromine. 

The mercury compound was suspended in 300 c.c. 

glacial acetic acid and 50 c.c. water were added. The 

mixture was cooled in ice and water, efficiently 

stirred, and the bromine, dissolved in 150 c.c. con- 

centrated sodium bromide solution, was added drop by 

drop over three hours. Reaction was completed by 

heating the mixture to 90 °C and the clear brown solution 

was then poured into 2 litres of cold water. After 

standing overnight, the crystalline precipitate was 

filtered off and extracted with 8 -9 litres of boiling 

water. The crystals which deposited on cooling the 

extract were filtered off and dried. 

Wt., 39 g. L.p., 160- 170 °C. 

The crude acid was recrystallised from 

benzene. 
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Yield: 33 g . (57;c). i;_.p. 178 °C. 

H \.o 

T2 

îviethyl 8- bromo -l- naphthoate. 

(Rule and Barnett, J.C.S., 1932, 173) 

15 g. 8- bromo- l- naphthoic acid 

30 c.c. thionyl chloride (purified) 

50 c.c. methyl alcohol (dry) 

The acid and thionyl chloride were boiled 

together under reflux on the water -bath until a clear 

solution was obtained and fumes ceased to be evolved. 

Excess thionyl chloride was then removed by distillation, 

finally under reduced pressure. The acid chloride waS 

allowed to cool and the methyl alcohol carefully added 

in portions. Vigorous evolution of hydrochloric acid 

occurred and the reaction was completed by boiling the 

mixture for half-an-hour. 

Most of the methyl alcohol was then removed 

on the steam-bath, and the liquid ester taken up in 

ether. The ethereal extract, after washing with 

dilute sodium hydroxide followed by water, was dried 

over calcium chloride and the ether removed in vacuo. 
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The residual light brown syrup solidified to a cream - 

coloured solid on standing or chilling. 

Yield: 15 g. (95 %). M.p. 31 -32 °C. 

Methyl -o- iodobenzoate. 

(Cohen and Raper, J., 1904, 1272). 

Methyl -o- iodobenzoate was prepared from 

anthranilic acid by the method described in the above 

paper. 

Yield: 68% theory. B.p. 145 °C /15 rrnn. 

COON 

ONHt 7 

Methyl 8-( o- carbomethoxyphenyl )- 1- naphthoate. 

I 

50 g. methyl o- iodobenzoate (2 mol.) 

25 g. methyl 8- bromo -l- naphtoate (1 mol.) 

30 g. copper bronze. 

OCH3 

The mixed esters were heated, with stirring, 

in an oil -bath at 160 °C. The copper was added in 
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portions over a period of one hour and when addition 

was complete the temperature of the bath was raised to 
175- 180 °C. The mixture was maintained, with stirriñ 

for a further 4 hours at the latter temperature. The 

reaction product was boiled out with 200 c.c. acetone 

(in 3 portions) and the insoluble inorganic matter 

filtered off. Acetone was removed from the filtrate 

by heating in vacuo, and the warm syrupy residue was 

treated with 25 c.c. ether, when crystals immediately 

deposited. After standing overnight, these were 

filtered off, washed with a little ether and dried. 

Yield: 22.5 g. ,`.p. 131 -132 °C. 

The pure phenylnaphthyl dicarboxylate 

crystallises in colourless rhombs from ligroin, m.p. 1313 °C. 

For conversion to 11- carboxybenzantrrone, however, there 

is no need to purify the product. 

-f- cH30oG 

0003 C4.4. 
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11- Carbox, benzar_throne . 

10 g. iaixed esters from previous 
experiments 

80 c.c. sulphuric acid (96;0) 

The mixture was heated with stirring at 

100 °C. for one hour and the red solution poured into 

water. The yellow precipitate was filtered off, 

added to 500 c.c. water and the mixture made distinctl 

alkaline with sodium hydroxide. The insoluble portio 

after warming to 60 °C for a few minutes, was filtered . 

off and washed with warm water. It consisted largely 

of anthanthrone. The filtrate, which was coloured re 

owing to traces of lactone, was carefully acidified ti 

the red colour disappeared and the slight precipitate 

was removed. On further solidification, the filtrate 

yielded the 11- carboxybenzanthrone. 

Yield of acid: 8.2 g. (71A. Tai. p. 271-272°C. 

Yield of crude anthanthrone: 0.2 g. (2%). 

The yields quoted are based on the bromo- 

naphthoate used in the previous experiment. 11- Carbox 

benzanthrone crystallises from alcohol or glacial 

acetic acid in orange - yellow needles, melting at 273° 

cN3ooc 

_a Nooc 

1 
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By carrying out the cyclisation of the nixed 

esters at 50 °C. instead of 100 °C. and crystallising the 

product obtained on pouring into water, 11- carbomethoxy 

benzanthrone was obtained. Crystallisation from alcohol 

gave the pure ester in orange needles. 

Yield: 65 theory. 11.p. 166°C. 

1:11- etobenzanthrone. 

(Rule and Bigelow, J., 1935, 573). 

4 g. 11- carbox yb enaanthrone 

80 g. phthalic anhydride 

4.7 g. phosphorus pentoxide. 

The acid was dissolved in the phthalic 

anhydride, with stirring, at 200 °C, and the phosphorus 

pentoxide added in two portions at an interval of 

30 minutes. After 2 hours, the dark mixture was 

cooled somewhat and poured into a solution of 50 g. 

sodium hydroxide in 450 c.c. water. The orange 

precipitate was filtered off, washed well with hot 

water and dried. 

Yield: 3.45 g. (92ó). ,1.p. 325 -327 °C. 

The pure ketone melting at 327 -328 °C was 

obtained in stout orange needles on crystallisation 
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from glacial acetic acid. 

HOOG 

? 

CO 
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DIHYDROBENZAN`l'HRONE FROM BENZANTHRONE. 

2H 

A suspension of 2.30 grams of highly 

purified benzanthrone in 50 c.c. of acetic acid, con- 

taining 0.05 grams of catalyst, was placed in the 

bottle surrounded by the heater. The air was removed 

and hydrogen admitted. After 3 hours, the pressure 

had fallen 16 lbs., corresponding to the absorption of 

0.01 mole (2 atomic equivalents) of hydrogen. In an 

atmosphere of carbon dioxide the catalyst was filtered 

off through hardened filter paper, aid dihydrobenzanthrone 

allowed to crystallise out from the filtrate. Pale 

yellow plates separated, 1 gram, melting at 152 -153° 

in an atmosphere of carbon dioxide. When allowed to 

stand in air, the melting point of the substance fell 

in the course of three hours to 132 -133 °. The mixed 

melting point of the latter product with benzanthrone 

was 118 °. Dihydrobenzanthroñe undergoes disproportiona- 

tion in air to form a mixture of benzanthrone and 
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1: 10- trimethy1ene- 9- hydroxyphenanthrene; they were 

separated by means of alkali. In concentrated 

sulphuric acid dihydrobenzanthrone dissolved to give a 

solution with an orange -red fluorescence, similar to 

that given by benzanthrone. 

Dihydrobenzanthrone, 05 gram, on boiling 

with 10 c.c. acetic anhydride in an atmosphere of 

carbon dioxide, for 10 minutes, gave the acetyl derivative 

(90% yield), which separated from acetic anhydride in 

colourless needles. The melting point in an atmosphere 

of carbon dioxide is 160-161°, and in air 155-156°. 

The acetyl derivative is not so sensitive to air as 

dihydrobenzanthrone. 

Dihydrobenzanthrone, prepared in this way, 

is identical with that prepared by Ciar and Furnari 

(Ber., 1935, 68, 2066) by reducing benzanthrone in 

glacial acetic acid with zinc dust. The melting points 

record, @d by these authors are: 

dihydrobenzanthrone, m.p. in an atmosphere of carbon 
dioxide, 150 -152° 

m.p. in air, 132° It 

mixed m.p. with benzanthrone, 120° 

dihydrobenzanthrone acetate m.p. in an atmosphere of 

carbon dioxide, 159 -161 °; m.p. in air, 154 -155 °. 
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1:10-TRIME`l'HYLENE-9-HYDROXYPHENANTHRENE FR) 1111 

BENZANTHRONE. 

(a) Chemical Reduction. 

(Ciar and Furnari, Ber., 1932, 65, 1424) 

5 g. benzanthrone 

50 c.c. glacial acetic acid 

10 g. zinc dust 

10 c.c. conc. sulphuric acid 

The benzanthrone, glacial acetic acid and 

zinc dust were boiled under reflex for 32 hours, during 

which time 10 c.c. of concentrated sulphuric acid were 

added to the mixture. After 31 hours, any unchanged 

zinc was filtered off. On allowing the filtrate to 

cool, a sticky, oily product separated. When the oily 

mass had hardened, it was filtered off, dried, and 

recrystallised from petrol ether (100 -120 °). The 

yield was almost theoretical, and the melting point of 

this compound was 148 -149 °. On a second recrystallisation, 
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colourless plates, melting point 150 -151 °, were 

obtained. The melting point of 1:10- trimethylene -9- 

hydroxyphenanthren.e recorded by Clar and Furnari 

(Ber., 1932, 65, 1424) is 150 -151 °. 

(b) Catalytic Hydrogenation. 

Pure benzanthrone (2.30 grams) in 50 c.c. 

glacial acetic acid was reduced as above, using 0.05 g. 

of platinum catalyst until after 4 hours 0.02 moles 

(4 atomic equivalents) of hydrogen had been absorbed. 

After filtration, a pale -yellow solid (230 grams), 

m.p. 149 -150 °, was thrown down with water, filtered and 

dried. On recrystallisation from ligroin, colourless 

plates melting at 151 -152° separated. Fusion was 

accompanied by a colour change to yellow- brown. 

The above hydrogenation was unsuccessfully 

attempted, using benzene, decalin and alcohol 

respectively as solvents, and with varying amounts of 

catalyst, but was successfully carried out in glacial 

acetic acid, using palladium precipitated on barium 

sulphate (1 gram) as catalyst. 

The 1: 10- trimethylene-9- hydroxypnenanthrene 

was very easily benzoylated by the Schotten -Baumann 

reaction. The benzoylation product melted at 136 °, 

and after recrystallisation from ligroin (100 -120 °) 

at 136 -137 °. The acetyl derivative was also prepared 

by boiling with acetic anhydride for a quarter- of -an- 
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hour. The melting point of this derivative was 

95 -100° and on recrystallisation from ligroin 100 -101 °. 

(Found: C, 82.52, H, 5.83; C19H1602 requires 

C, 82.61, H, 5.79 per cent). 

Equal amounts (0.5 gram) of 1:10-trimethylene- 

9-hydroxyphenanthrene and pure picric acid, when boiled 

in alcohol solution, led to the formation of the picrate, 

which separated in brownish -red needles, m.p. 147 -148 °. 

(Found: N,91 ; C2vH1708N3 requires N, 9.07 per cent). 

1: 10- Trimethylene- 9- hydroxyphenanthrene 

dissolves readily in alkali and can be reprecipitated 

by addition of acid. It also dissolves in concentrated 

sulphuric acid to give an orange -red solution with a 

greenish- yellow fluorescence. 
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1: 10 -TR ITvL TH YLENE -9 -HYDR OXY-1: 2 : 3 : 4 -TETRAHYDRO - 
PHENANTHRENE FROM 1:10-TRIME 1HYLENE-9- 

HYDROXYPHENANT-rIRENE . 

(a) Chemical Reduction. 

1 g. 1:10-trimethylene-9-hydroxy- 
phenanthrene 

10 c.c. alcohol 

2 g. zinc dust 

The charge was boiled under reflux for 3 hours 

and unchanged zinc filtered off. Evaporation of the 

solvent to 2 c.c. left a white solid, 0.95 grams, 

m.p. 132 -133 °, which on recrystallisation from glacial 

acetic acid gave colourless well- formed needles, m.p. 

136 -137 °. As in the case of 1:10- trimethylene -9- 

hydroxyphenanthrene, fusion is accompanied by a colour 

change to yellow. 

(b) Catalytic Hydrogenation. 

Pure 1: 10- trimethylene- 9- hydroxyphenanthrene 

(1.17 grams, .005 mole) suspended in a mixture of 45 c.c. 
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glacial acetic acid, 4 c.c. hydrochloric acid and 

1 c.c. bench ferric chloride solution (0.2 N) were 

reduced as above, using 0'1 gram platinum oxide 

catalyst, until after 3 hours 0'02 mole (4 atomic 

equivalents) of hydrogen had been absorbed. The 

catalyst was filtered off and the solvent evaporated 

down to 15 c.c. Colourless needles (1 gram) 

separated, m.p. 133- 134 °. On recrystallisation from 

glacial acetic acid, colourless well- defined needles 

were formed, melting sharply at 137 °. The above 

hydrogenation was successfully carried out using 

palladium (1 gram) as catalyst. (Found: C, 85'67, 

H, 7.62 ; Cl ?H1o0 requires C, 85,41, H, 7'51 per cent). 

In alcohol and glacial acetic, 1:10 - 

trimethylene-9- hydroxy- 1:2 :3:4- tetrahydrophenanthrene 

readily dissolves to give colourless solutions with a 

blue fluorescence. It also dissolves in concentrated 

sulphuric acid to give an orange solution with a 

greenish fluorescence. On treatment with sodium 

hydroxide, 1:10- trimethylene -9- hydroxy -1 :2:3:4 -tetra- 

hydrophenanthrene slowly dissolves; it can be re- 

precipitated from the solution by addition of acid. 

When 1:10- trimethylene -9- hydroxy- l :2:3 :4- 

tetrahydrophenanthrene is boiled with acetic anhydride 

for 10 minutes, the acetyl derivative,m.p. 123 °, was 

formed. (Found: C, 81'20, H, 7'40; C1 H2002 required 

C, 81'39, H, 7'30 per cent). The results obtained 
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are identical with those obtained by Braun and Bayer 

(loc. cit.) who reduced benzanthrone with hydrogen 

under pressure, in an autoclave, using nickel as 

catalyst. They formulated the substance as being 

1: 9- trimethylene- 5 :6 :7 :8- tetrabydroanthranol, which 

has been proved to be incorrect (p. 28). The melting 

points recorded are: 

m.p. of 1:9-trimethylene-5:6:7:8-tetrahyTdroant:nranol, 
137°; 

acetyl derivative of 1:9- trimethylene- 5:6 :7 :8- tetra -- 
hydroanthranol, 123 °. 

The picrate of 1: 10-trimethylene-9-hyd.roxy- 

1:2:3:4-tetrahydrophenanthrene was formed by boiling 

the parent hydrocarbon with an equimolecular quantity 

of picric acid in alcohol. Small red plates, m.p.110 °, 

separated. 

(Found: N, 8.91 ; C2aH2108Na requires N, 9.00 per 

cent). 

Oxidation of 1:10- Trimethylene- 9- hydroxy-1:2 :3 :4- 

-tetrahydr9henanthrene to Phthalic Acid. 
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05 g. 1:10-tr.imethylene-9-hydroxy- 
1:2:3:4-tetrahyd.ro- 
phenanthrene 

0.5 g. sodium hydroxide 

1 g. potassium permanganate 

The 1:10-trimethylene-9-hydroxy-1:2:3:4- 

tetrahydrophenanthrene, sodium hydroxide and potassium 

permanganate were dissolved in 15 c.c. water and the 

mixture boiled under reflux for 20 hours. The product 

was filtered and the filtrate acidified and evaporated . 

to dryness. The resulting crystalline mass was heated 

with chloroform, and the inorganic matter filtered off. 

A colourless crystalline acid, 0.1 g., separated, which 

was recrystallised from water. The melting point was 

194° (decamp.), and on allowing the fused product to 

cool, it solidified and then melted at 129 °. The 

mixed melting point with phthalic acid was 194° 

(decamp.), confirming its identity with this compound. 
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1 :10- TRIMETHYLENE- 1 :2 :3 :4 -T ;TRAHYDh-LOPHHNANTHRENE 

FROM 1: 10-TRINIETHYLENE-9-HYDROXY-1:2:3:4- 

TETTHAHYDROPHENANTHRENE. 

1:10- Trimethylene- 9- hydroxy- 1 :2 :3 :4- tetra- 

hydrophananthrene ('59 gram, 0025 mole ),dissolved in 
as 

50 c.c. glacial acetic acid, was reduced /in the fore- 

going experiment by using 0.1 gram platinum oxide (or 

1 gram palladium catalyst) until, after 2 hours, 0.01 

mole (2 atomic equivalents) of hydrogen had been 

absorbed. Heating was applied towards the end of the 

absorption. After filtration, the solvent was 

evaporated, last traces being removed in vacuo. A 

pale- yellow oil (0.5 gram), b.p. 210- 212 °, under 15 mm . 

pressure, was left. 

The product is no longer phenolic in 

character but has been shown by Braun and Bayer (Ber., 

1925, 58, 2684) to be a hydrocarbon. It was insoluble 

in alkali, and with picric acid in alcoholic solution 

it formed a brick -red picrate which., after recrystallisa- 

tion from alcohol, melted at 125 °. 1 :10- TrimethyleneL 
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1 :2 :3 :4- tetrahydrophenanthrene was regenerated by 

treating the picrate with concentrated ammonia. These 

results are identical with those obtained by Braun and 

Bayer (loc. cit.) who wrongly designated the formula 

of the substance as being 1:9- trimethylene- 5 :6 :7:8- 

tetrahydroanthracene (p. 28). The results are: 

b.p. of 1: 9- trimethylene- 5 :6 :7 :8- tetrahydroanthracene 

under 16 mm. pressure, 228 -2300; 

m.p. of picrate, 125 °. 
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FLUORENYL ALCOHOL FROM FLUORENONE . 

CO AH CHOH 

Fluorenone (1.8 g.) was reduced, as above, 

using 0.05 g. platinum catalyst, or 1 g. palladium 

catayst, until after 1 hour 0.01 mole (2 atomic 

equivalents) of hydrogen had been absorbed. After 

filtration, the filtrate was reduced to half its 

original volume (50 c.c.), when colourless hexagonal 

plates of fluorenyl alcohol, 1.7 g., 94% yield, m.p. 

152 -153° , separated. The mixed melting point with 

fluorenyl alcohol, prepared by reducing fluorenone 

dissolved in alcohol with zinc dust, (Werner, Grob, 

Ber., 1904, 37, 2895) showed no depression. 
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FLUORENE FRn FLUORENONE. 

co e Hz 

A solution of 1.80 grams (0'01 mole) of 

f luorenone in 50 c.c. alcohol (95 %), containing 0.05 g. 

platinum catalyst or 1 g. palladium catalyst, was 

hydrogenated at 15° . After 2 hours, when 4 atomic 

equivalents of hydrogen had been absorbed, the reduction 

was stopped. The catalyst was filtered off and the 

filtrate evaporated to 10 c.c. on a steam -bath. 

Colourless plates, 1.5 g., 90`' yield, m.p. 111 -112 °, 

showing a violet fluorescence, separated. A mixed 

melting point with fluorene (B.D.H.) showed no 

depression. 
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1:11- METHYLENO -BENZANTHRONE FROM 

1:11-KETOBENZANTHRONE. 

A suspension of 256 g. (0'01 mole) of 

1:11- ketobenzanthrone in 50 c.c. of glacial acetic 

acid containing 0.15 g. platinum catalyst or 1 g. 

palladium catalyst was hydrogenated at 15 °. After 

6 hours, when 4 atomic equivalents of hydrogen had 

been absorbed, the reduction was stopped. The catalyst 

was filtered off, the acetic acid solution diluted with 

an equal volume of water, and the resulting yellow 

solid filtered off. On recrystallisation from glacial 

acetic acid, yellow micro -crystalline plates separated, 

2.2 g. (91'), m.p. 190 -191 °. The compound, which is 

assigned formula II, was insoluble in alkalis, and di 

not decolourise bromine water in the cold. No 

phenolic group, therefore, was present, and alicyclic 

brorination did not take place. A similar state of 

affairs exists in the question of the bromination of 
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fluorene. The methylene group of fluJorene is not 

affected on bromination. The compound dissolved in 

glacial acetic acid to give an orange -red solution 

with an orange -yellow fluorescence. The compound is 

stable in air. (Found: C, 89.10; H, 4.20. 

C18H100 requires C, 89.26: H, 4.13%). 
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1:11-MET-IYLEN0-4- or 6-HYDROBENZANTHROL -.7 

FROM 1:11-KETOBENZANTE.RONE. 

H 

1:11 -Ketobenzanthrone (2.56 g., 0.01 mole) 

suspended in 45 c.c. of glacial acetic acid and 5 c.c. 

concentrated hydrochloric acid was reduced at room 

temperature, using 0.20 g. platinum catalyst or 1.5 g. 

palladium catalyst, until after 6 or 8 hours (depending 

on which catalyst was used) 6 atomic proportions of 

hydrogen had been absorbed. The catalyst was filtered 

off, the acetic acid solution diluted with an equal 

volume of water, and the resulting pale- yellow solid 

separated. On recrystallisation from glacial acetic 

acid , pale -yellow plates (micro- crystalline), 2.3 g. 

(91%), m.p. 229 -2300, separated. (Found: C, 88.34 ; 

H, 5.63. C28I'I1B02 requires C, 88.52 ; H, 4'94%). 

The reaction can be speeded up by beginning 

the hydrogenation with half the above amount of 

catalyst, the remainder being added when the absorption 

slows down. 
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The substance, given formula III, was 

soluble in alkalis and was easily benzoylated with 

benzoyl chloride. Melting point of benzoyl derivative 

was 139 -141 °. (Found: C, 85.8; H, 465. C25H1002 

requires C, 86.2; H, 4.6 %). 

The compound III is very readily soluble in 

glacial acetic acid, alcohol and ether, fairly soluble 

in benzene but almost insoluble in xylene, petroleum 

ether and toluene. It dissolves in concentrated 

sulphuric acid to give a violet solution with a bluish 

fluorescence. 
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1:11-METHYT,FNO-4:5:6-TRIHYDROBENZANTHROL-(7) 

o: c 

rlZOPtI 1: 11-n TO BENZ ANTiRO NE 

A suspension of 1.28 g. (04005 mole) of 

1 :11- ketobenzantlrone in 45 c.c. glacial acetic acid 

containing 0'1 g. platinum catalyst or 2 grams 

palladium catalyst was hydrogenated at room temperatur 

15 °. After 10 hours, when 8 atomic equivalents of 

hydrogen had been absorbed, the reduction was stopped. 

The catalyst was filtered off and the solution (the 

reduced product being soluble in the glacial acetic 

acid) was evaporated down to 25 c.c. on a water -bath. 

Orange micro -crystalline needles, 1'15 g. (92%), 

m.p. 150 -151 °, separated. The substance in glacial 

acetic acid gives a red solution with a blue fluorescence. 

It dissolves in concentrated sulphuric acid to give a 

reddish -purple solution with a blue fluorescence. The 

compound dissolves with ease in alcohol, in ether and 
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benzene, but is almost insoluble in petroleum ether, 

xylene and toluene. 

The structure corresponding to formula IV is 

assigned to the product by analogy with the case of 

benzanthrone. The compound dissolved readily in 

alkalis and on benzoylation gave the monobenzoyl 

derivative it 80'5; yield. (Found: C, 85'64 ; 

H, 5.28. C25111 8O2 requires C, 85'71 ; H, 5'14 %). 

0.5 g. of the substance,dissolved in chloro- 

form,was brominated by adding slightly more than three 

molecular equivalents of bromine and heating on a wate 

bath for half- an -horr. Bright orange plates separate 

05 g. (50% yield), m.p. 128 -1500. (Found: C, 44.8 

H, 2'21° ; C18 110Bra requires C, 44.75 ; H, 2.3%. 

Bromine was determined by the method of Hein, Hoyer and 

Klar (loc. cit.). Found: Br, 48.9 ; C1sH110Bra 

requires Br, 49'6 %). 

The bromo- derivative is, therefore, in all 

probability to be represented by the following formula 
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Oxidation of compound IV. 

05 g. compound IV 

2 g. caustic soda 

2 g. potassium permanganate 

The above mixture was heated on a steam -bath 

for 20 hours. It was then acidified and heated 

further for 4 hours. After filtering, the filtrate 

was decolourised by means of sulphur dioxide, and the 

organic matter present extracted by means of chloroform, 

when 0.1 g. (IV, theory) of colourless plates, m.p. 

244 -246 °, separated. The product obtained was easily 

soluble in alkalis, and on the assumption of the 

structure given to compound IV, was expected to be 

2 :3:21:61- diphenyl tetracarboxylic acid, or the corres- 

ponding 2:3 :6:21- tetracarboxylate. 

N ooc- 

Hoot 

(Found: C, 57.7; H, 3.1. C16H1008 requires C, 58.2; 

H, 3'035). That the acid contained 4 carboxy groups 

was proved by micro- titration with standard alkali (Na0H). 
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The alkali was standardised by means of standard 

potassium hydrogen phthalate. (Found: Molecular 

weight 325 ; C16H1008 requires 330). 

Chemical Preparation of Substance, formula IV. 

5 g. lall- ketobenzanthrone 

50 c.c. glacial acetic acid 

10 c.c. cont. sulphuric acid 

10 g. zinc dust 

The 1:11- ketobenzanthrone was dissolved in 

the glacial acetic acid, zinc dust added, and the 

sulphuric acid dropped in slowly over 3 hours. The 

mixture was further boiled for 3 hours, after which 

the zinc dust was filtered off and the filtrate diluted 

with an equal volume of water. An orange -coloured 

product, 3.5 g. (71;4 yield), m.p. 148 -149 °, separated. 

A mixed melting point of this compound with the one 

prepared by catalytic hydrogenation showed no depressin. 

The two compounds are thus proved to be identical. 
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11- CARBOXY -4 (or 6)- HYDROBENZANTHROL -7 FROM 

Noo c 

11-CARBOXYBENZANTHRONE. 

Hooe 
am 

) 

IfooC 
64- 

A suspension of 2.74 grams (0.01 mole) of 

11- carboxybenzanthrone in 50 c.c. glacial acetic acid 

containing 0'10 gram of platinum oxide (or 1 gram 

palladium catalyst) was hydrogenated at room tempera- 

ture. After 3 hours, when 2 atomic equivalents of 

hydrogen had been absorbed, the reduction was stopped. 

The catalyst was filtered off, the acetic acid solutio: 

diluted with an equal volume of w ater, and the result 

ing yellow solid filtered off. On recrystallisation 

from glacial acetic acid, pale yellow needles, stable 

in air, separated, 2.5 grams (91 %), m.p. 160 -161 °. 

(Found: C, 78.5 ; H, 3.8 ; C16H120a requires 

C, 78.8 ; H, 3.65 per cent). 

The substance was easily benzoylated with 

benzoyl chloride to give a monobenzoyl derivative, 

m.p. 115 -116 °. 
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(Found: C, 75.3; H, 4.10. 025H1606 requires 

C, 75.5 ; H, 4.03 per cent). 

11- Carboxy -4 (or 6)- hydrobenzanthrol -(7) 

dissolves in glacial acetic acid to give a pale- yellom 

solution with a pale -yellow fluorescence. 
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11 -CARBOXY -4 : 5 : 6 -TRIHYDR OBENZANTRROL -7 FROM 

FIooC. 

11-CARBOXYBENZANTHROïvE . 

A suspension of 2.74 grams (0.01 mole) of 

11- carboxybenzanthrone was hydrogenated,as above, 

until after 42 hours, when 4 atomic equivalents of 

hydrogen had been absorbed, the reaction was stopped. 

The catalyst was filtered off and the solution 

evaporated down to 25 c.c. on a water -bath. Greeni h- 

yellow plates, 24 grams (90%), r:.p. 98- 100 °,separate . 

(Found: C, 77.6; H, 5.12. C18H1403 requires 

C, 77.7 ; H, 5'03 per cent). 

The substance dissolves in glacial acetic 

acid to give a buff- coloured solution with a pale -blue 

fluorescence. The compound dissolves with ease in 

alcohol, in ether and benzene, but is almost insoluble 

in petroleum ether, xylene or toluene. 

The structure corresponding to formula V is 

assigned to the product by analogy with the case of 

benzanthrone. The compound dissolves readily in 

alkalis, and on benzoylation gives the monobenzoyl 
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derivative in 75; yield, m.p. 62 -64 °. 

(Found: C, 75'15; H, 4.61; CHO requires C, 75'3; 

H, 4.5 per cent). 

Oxidation of Compound V. 

0'5 grams compound V 

2 grams caustic soda 

2 grams potassium permanganate. 

The above mixture was heated on a steam -bath 

for 20 hours. It was then acidified and heated for 

a further 4 hours. After filtering, the filtrate was 

decolourised by means of sulphur dioxide, and the organic 

matter present extracted by means of chloroform, when 

0.09 gram (15% theory) of colourless needles, m.p. 

298 -300 °, separated. The product obtained was easily 

soluble in alkalis, and on the assumption of the 

structure already assigned to compound V was expected 

to be 2: 3 :2' :6'- diphenyltetracarboxylic acid. 

NOOC. 
0 

floor. 

2 

Coo e-4 

cooN 
cooN 

(Found: C, 57'9 ; H, 3.15 ; 016H1008 requires 

C, 58.2 ; H, 3.03 per cent) . That the acid, of 

m.p. 298 -300 °, contained four carboxyl groups was 

proved by micro -titration with standard alkali (NaOH) 
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which had been standardised by means of potassium 

hydrogen phthalate. 

(Found: molecular weight, 32g: 019H1008 requires 330). 

Chemical Preparation of substance, formula V. 

2 grams 11- carboxybenzanthron_e 

20 c.c. bench NaOH (2 N) 

5 grams zinc dust. 

The above mixture was boiled under reflux for 

12 hours. The remaining zinc dust was filtered off 

and the filtrate acidified with hydrochloric acid, a 

pale -yellow mass being thrown down. Yield: 16 gram 

(80%), m.p. 94 -97 °. On recrystallisation from glacia 

acetic acid, small greenish- yellow plates, m.p. 98 -101 

separated. A mixed melting point with the substance 

prepared by catalytic method showed no depression, and 

the two compounds are thus identical. 



89. 

C O N C L U S I O N S . 

The results of the present investigation may 

be briefly summarised as follows. 

Highly purified benzanthrone has been 

hydrogenated at ordinary temperature under a pressure 

of 2 -5 atmospheres, and using either platinum oxide - 

platinum black or palladium precipitated on barium 

sulphate as catalysts. Reduction took place readily 

and the resulting products were obtained in excellent 

yields and in high degree of purity. The course of 

the reaction followed the formulations of Clar and 

Fuarnari (loc. cit.) and not of Braun and Bayer; that 

is to say, the reduced products were derivatives of 

phenanthrene and not of anthracene. 

Fluorenone on hydrogenation yielded, firstly, 

fluorenyl alcohol, then fluorene in very good yield. 

The hydrogenation of 1.11- ketobenzaiithrone 

proceeded as expected, in a similar manner to the 

hydrogenation of benzanthrone. The 11 -keto -group was 

primarily reduced to a methylene group, the rest of the 

molecule thaireducing in the same manner as benzanthrone. 

11- Carboxybenzanthrone also hydrogenated in 

a similar manner, the 11- carboxy -group remaining in- 

tact throughout. 
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The hydrogenations of benzanthrone and its 

keto- and carboxy- derivatives all followed the same 

course. From these rest its, further evidence for 

Clar and Furnari f s for eulations has been found, more 

particularly by oxidative degradation of some of the 

intermediates. 

Each of the above benzanthrone hydrogenation 

products has a definite crystalline structure, and 

gives a characteristic colour reaction with glacial 

acetic acid. 

In conclusion, the author wishes to express 

his grateful thanks to Dr H. G. Rule for his very 

helpful criticism and advice. The authorls thanks 

are due also to the Carnegie Trust for a Scholarship. 


