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IHISODUCII OH.

Many Denzanthrone compounds have proved of great

value in the production of new dyestuffs, and the

" Benactnthrone Colours" are amongst the most important

curbocyclic vat dyes.

The preparation of condensation products of the

benzanthrone series is therefore a field of investiga¬

tion which has much interest, not only from an academic

but also from a technical point of view.

Of particular interest are various condensations

of benzanthrone or its substitution products having a

free 4-position, with reactive methylene compounds in

presence of alkaline condensing agents.(3.P.319,593).

It may be stated here that the numbering of the

benzanthrone ring is liable to cause some confusion,

there being actually three modifications in use, of

which the first two are based on the anthracene nucleus.

Ill

B° II appears to be that favoured by the Chemical

Society, while III, the "International" system is used

in most technical literature (including I.C.I.), and
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will be employed throughout this thesis.

The benzanthrone ring has several reactive posi¬

tions. In general it iB found that under acid conditions

substitution occurs in the 2-or 3-position, while with

alkali the attack is at position 4.

According to the patent, valuable new derivatives

of the benzanthrone series are obtained when the benz¬

anthrone, or substituted benzanthrone with the 4-position

free, reacts with methylene compounds having the general

& rmula X-CH^-R, in presence of an alkaline agent such

as solid potassium hydroxide. In this formula X may be

a nitrile group MC-, acid amido group 1<H2-C0-, or an

acyl group R'-CO-. In the latter ca.se the reacting

compounds are ketones of the formula R'-CO-CHjj-R, in
which R* is a hydrocarbon radical which may contain

other substituents. In both cases R may be hydrogen,

an alkyl or aryl group which may be substituted, or an

esterified carboxylic group.

A wide range of medium is indicated. Thus condens¬

ation may be carried out in organic diluents such as

benzene, trichlorobenzenes, pyridine, etc.,as well as

in an excess of the organic compound to be condensed.

Reaction may take place, excluding air - for example in

nitrogen -, or in presence of air. It is claimed that

condensations take place readily, and with good yields.

The products formed are considered to correspond
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to the following formula* -R and -X represent the group

or groups already indicated?-

In the case of benzyl cyanide we would have

4-benzylcyanobenzanthrone:-

In a second patent (3.P.322,253) the hydrolysis of

several of these benzanthrone derivatives is described.

The cleavage of the condensation products with alkaline

hydrolysing agents such as caustic alkalis, or weak

alkaline reagents such as calcium hydroxide, is said to

occur readily with good yields. In some cases it is

stated that it is preferable to carry out the preparation

of the condensation products and the splitting up of

these in one operation.

The examples given are only in respect of cases of

condensation of benzanthrone with a ketone. Ehere is no

mention of the specified treatment as being applicable

to the case of 4-benzylcyanobenzanthrone, and in work



arising from these patents,A.G.Jl£acGregor (Thesis,

Edinburgh,1941)investigated the influence of hydrolys-

ing agents on this condensation product.

He obtained certain interesting results.Hydrolysis

with an acid mixture produced 4-benzylbenzanthrone, the

oxidation of which to 4~benzoylbenzanthrone with HgSeOg
and water under pressure was described by Kacer

4-benzylcyanobenzanthrone by means of sodium bichromate

and glacial acetic acid gave a poor yield of an impure

product, but when treatment was carried out with methyl

alcoholic potassium hydroxide with access of air, a

pure product in good yield resulted.

The 4-benzoylbenzanthrone has been cyclised with

AlClg to the related diketone, which is of interest as a

potential vat dye.
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It was suggested "by Imperial Chemical Industries Ltd.

(Gyestuffs Group), that a study of the interaction of

benzanthrone with substituted benzyl cyanides on the

lines of the described patent, followed by oxidative

hydrolysis as found by MacGregor, should be made.

The work was undertaken therefore with a view to

determining the effect of substituent groups in the
*

benzyl cyanide on the benzanthrone-benzyl cyanide

condnnsation, and on the hydrolysis of the condensation

compounds. Also, if possible, to obtain information as

to the nature of the "oxidative hydrolysis", which

results in the conversion of the benzylcyano- to the

benzoyl-compound under the influence of methyl alcoholic

potassium hydroxide.

The condensation of benzanthrone with substituted

benzyl cyanides,rather than substituted benzanthrones

with benzyl cyanide, was selected, as it was known

that the substituted benzanthrones are difficult to

prepare, while it was not anticipated that the same

difficulty would be encountered in obtaining a series

of benzyl cyanides. As it turned out, considerable

difficulties had to be overcome before samples of pure

substituted benzyl cyanides could be obtained.
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EXPERIMENTAL RESULTS And

DISCUSSION

Throughout the following report certain abbreviat¬

ions will frequently be employed?

"Benzanthrone" is used in place of the more lately

accepted "meso-Benzanthrone".

m.p. = melting point

m.m.p. = mixed melting point

b.p. = boiling point

(CN+) = Gives characteristic blue colouration of

benzylcyanobenzanthrone with methyl alcoholic potassium

hydroxide.

(CII-) = Does not give this colour reaction.

Melting points, in degrees Centigrade, were taken

on an electrically heated micro-melting point apparatus

(Fuchs, Mikrochlmica Acta, 1937,2,317).

Micro-analyses were carried out by Drs. Weiler

and Strauss, Oxford.

For condensations, powdered potassium hydroxide

passing sieve "40" was used.

In all chromatographic analyses aluminium oxide

was used as adsorbent.

In most cases the sections of the work are grouped

according to the benzyl cyanide used for the related

condensation.
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P-MBTHYLB3NZYL CYANIBS

Preparation.

The p~methylbenzyl cyanide wae prepared from

p-xylene (obtained from B.D.H.) by bromination and

treatment with potassium cyanide as described by

Atkinson and Thorpe. (J.C.S.1907,91,1695.).

Bromine (200gm.) was run slowly into p-xylene

(IOOgm.), and when free from hydrogen bromide, the

resulting moist crystalline mass was distilled under

ordinary pressure and a series of fractions collected.

That between 212°-222° was redistilled and 40gm.

collected (21S°-222°) which crystallised slowly on

cooling, m.p.38°. A higher fraction of 24gm. was

taken, 240°-250°, and with a similar fraction from

the first distillation, on recrystallisation from

benzene, gave the dibromide m.p.l42-§-°-143^-° (Atkinson

and Thorpe m.p.143°,b.p.245°). There were signs of

decomposition at the temperature of distillation and

in later cases reduced pressure was usdd.

The monobromide was converted to nitrile by

boiling in alcoholic solution with powdered potassium

cyanide, extracting with ether and distilling. Three

fractions were taken:- a) 208° - 212° - 14gm.

b) 212° - 240° - 7gm.

c) 240° - 245° - 4gm.



Condenaation with Benzanthrone.

p-Methylbenzyl cyanide (a) 7gm,

Benzanthrone 4gm.

Powdered KOE 12gm

Pyridine 40cc.

The above compounds were mixed in a 200cc. flask

provided with a stirrer. A very strong green colour

developed immediately, which changed rapidly to a deep

indigo blue, after five hours the mixture was washed

out with 70cc.alcohol on to ice, the whole acidified

with hydrochloric acid, giving a brown precipitate,

and left overnight. There was deposited a dark brown

solid and oil. This was filtered and carefully washed

with acetone, the brown solid collected, while the

oily substance washed through. This solid (a=l.lgm.)

on crystallisation from benzene gave a compound

(0.41gm.m.p.155-165^ , which did not produce a blue

colour with methyl alcoholic potassium hydroxide, while

the mother liquor did. There had separated, meantime,

from the original mother liquor from which (a) was

collected, a further amount of oily matter, which on

treatment with acetone gave a brown solid (b=0.Sgm.)

m.p.l38°-193°, with a strong blue reaction to alcoholic

potassium hydroxide. This on recrystallisation from

benzene gave O.Sgm. m.p.l93°-196°. A sample, further

purified from benzene and light petroleum, m.p,193°-196°



was analysed, giving C = 86.38, H = 4.54, 11== 4,15,

corresponding to C = 36.87, H = 4.77, N = 3.89,

the values for p-methylbenzylcyanobenzanthrone.

The third fraction (4gm.) of methylbenzyl cyanide

(c), was worked up similarly and gave l,3gm. of the

condensation product m.p.l91°-I93°, which was not further

purified. The second fraction (b), was not used.

Hydrolysis to p-me thylb en zoy1benzan throne.

This was carried out as described by MacGregor

(Thesis 1941), by heating with 211 methyl alcoholic

potassium hydroxide, in a current of air passed through

soda lime to remove carbon dioxide and water.

I 0.34gm. p-methylbenzylcyanobenzanthrone

50cc. 211 alc.KOH gave 0.27gm. m.p.I73°-I75°

III l.Ogm. p-methylbenzylcyanobenzanthrone
120cc. 211 alc.KOH gave G.7gm. m.p. 172°-174°

A deep bikue developed immediately, and after two hours

heating the colour of the mixture had changed to a

fluorescent green with a yellow precipitate. There

was no further change in appearance after standing

overnight.

The yellow crystals were filtered off, well washed with

hot water and recrystallised from benzene and light

petroleum.

In the case of III, a dark green solution was
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formed on dissolving the yellow precipitate in benzene,

and the resulting crystale were dark and gave & strong

blue colour with alcoholic potassium hydroxide, showing

that hydrolysis was not complete.

The hydrolyeing process was repeated on this for a

further period of five hours when the resultant product

no longer gave the colour reaction. Hecryetallieation

from.benzene and light petroleum of the two fractions

gave yellow plate© m.p,1730-l?4°, and analysis

C - 86.38, H « 4.73, corresponding to the values of

G 3 86.21, H ~ 4.60, required for p-tne thylbenzoyl -

benzanthrone.

the xylene was converted to dicyanide, but the condens¬

ation with benzanthrone aid not eeau to be successful

and was not further investigated.

It,was desired to collect a reasonable amount of

the methylbenzoylbenzanthrone, but there w&e difficulty

i.n getting p-xylene. A ©ample was found, which as far
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as could be ascertained,was p-xylene, and this was

redistilled, fractionated, and then brominated. The

monobromide was converted to cyanide as before and two

fractions, b.p.115°-118° and 1180-119° at 11mm. used

for the condensation.

Condensation.

Cyanide (115°-119°) 45gm.

Benzan throne 30gm.

KOH 90gm.

Pyridine 15Ggm.

In a current of nitrogen this gave 16gm.of a greenish

brown solid m.p.l80°-190°. Crystallisation from benzene

gave 8gm. (A), ia.p.l33°-136°, which on recrystallisation

had m.p.l94°-2G3°. There was a dark residue which was

difficultlysoluble in benzene,and from which a series
of extractions gave a total of 2.Sgm.(B), with melting

points 208°-214°, 207°-211°, 203°-213°, 220°-221°.

This seems to indicate the presence of a new

product not in the original preparation.

Hydrolysis.

The 8gm.of (A) were hydrolysed and 5.5gm. of a

product,m.p.150°-165obtained, this being much lower

than that previously found (173°).

Recrystallia&i&nn did not improve the melting point,
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nor did a run through a chromatographic column with

benzene as solvent.

(B), the higher melting point product, (1.7gm.)

was then hydrolysed and gave a clean result: 1.5gm.

itt.p. 130°-183f°t recrystallising to 184°-185|°,

A series of mixed melting points showed the low

melting point was not due to benzanthrone, but there

was a corresponding range from a mixing of the higher

hydrolysed product and that obtained in the first

preparation.(Page 10).

Condensation of the remaining fraction of cyanide

(b.p.ll8°-119°), gave similar results, the cyano compound

yielding, on crystallisation from benzene, first a

product with m.p.l80°-195°, and then from the less

soluble in benzene, one with m.p.20o°-22Q°. These were

not hydrolysed.

Consideration of these results would point to the

definite presence of some other condensation products

closely allied to thep-methylDenzylcyanobenzar.throne

and the p-methylbenzoylbenzanthrome. The probability

is that the p-xylene contained a certain amount of

m-xylene, less likely o-xylene. * Investigation of this

was undertaken later.
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A sample of pure p-xyiene was obtained from I.C.I.

This was brominated (loOgra.) and fractionation gave at

98°-100°/l3mm., a yield of 112gm.inonobromide m.p.38°.

This m.p.of 38° is the same as that obtained in

the first preparation (page 7), and while Atkinson and

Thorpe quote 35°5, a preparation by Stephen, Short and

Gladding, by bromomethylation from toluene is quoted

by them at 38°. (J.C.S.1920,17,520).

The cyanide was prepared by boiling v/ith potassium

cyanide, and fractions collected at 13mm.:-

a) b.p,120°-122°, 57gm.

b) b.p.122®-128 °, 5gm.

Condensation.

Cyanide (a) 57gm.

Benzanthrone 38gm.

KOH 115gm.

Pyridine 190cc.

The cyanide was run in to the stirred mixture at 13°

in an atmosphere of lf2 giving a dark green colour,

changing rapidly to dark blue. After three hours this

was washed out with 400cc.alcohol on to ice and sufficient

hydrochloric acid to render acid. After standing over¬

night this was decanted and filtered, yielding on

trituration with acetone 27gm. of a yellow ochre powder.

In the acetone there\a certain amount of condensation



212. p-Acetobenzyl cyanide CH3C0C«H4CH2CN

Method of Kunckell, Ber., 59. \3145
Benzyl cyanide (l6g.), acetyl chloride(25g) - not bromide as

used by K.ithe acetyl chloride was distilled over P015 before
use - 6S2 (50 c.c.) was stirred at room temp, and A1G13 ( SSV
42 g. - excellent Scottish Dyes reagent ) added in 5 g. lots.
The mixture was then heated on a water-bath for 1.5 hours
(not 5 as by K.) and poured onto ice and HG1. The GS2 was
decanted and the mixture extracted with ether. Dried over

sodium sulphate. Ether removed and residue distilled in
vacuo. Considerable resinification at the end. Yellow oil,
b.p. 240° at 100 mm. Yield of impure compound 2 g.

Next timrn try high vacuum..

■Repeat of No.
As above with following modifications. Twrye the

quantities were used. During the additiono^the AlDl^t^^^
mixture was cooled in ice-water without stirring!. The mixture
was then left at room temperature for 8 hours. The^he^ated on
water-bath for 1 hour., and left over night.. Yellow oil on

vacuum distillation, b.p. 240°/^mm. which solidified after
1C- tJOJLK afeW minutes'in the Frigidairej. The compound is only slightly

tV vA I soluble in ether and by washing with this reagent a small
amount of oily matter is removed). Colourless crystalss, m.p.

78-84° (lit.,83-4° ) Washed with a little ether, then
pressed on porous plates. Yield 5 g. Crystallised from benzene,
m.p. 83-84°. More by addition of pet. ether, mp. 82-83

O

Dinitrophenylhydrazone (prepared by Allen's method). Scarlet
C244 prisms from tetralin, m.p. 211-213°(micro). Recrystallised from

benzene, orange needles. Very indefinite m.p.
(sj-

£ *-> rliryo■ 4 /J •

Prom the tther an oily liquid was obtained. This
yielded a semicarbazone, needlesfrom methyl alcohol, m.p.172-7°,
The m.p. was not z&i&okL until the cmpd. was dissolved in
the minimum of boiling MeOH, and an eq. vol. of MeOJ'japh^sd^
plates separated, m.p. 1S4 10£°. Recrystallised , needles, m.p.
184 -186c H)i+-24r1c
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product, shown by the colour with alcoholic potassium

hydroxide, but this was set aside.

The 2?gm. were purified and reeryataliised from benzene

in successive extractions, giving a total of IQgm.

with m.p.l92°-19 4|-°.

The small fraction of 3gm. was also condensed, giving

3.4gm, crude, and on recrystallisation 2gm. with

m.p.19C °~194

Hydrolysis,

The p-methylbenzyloyanobenzanthrone (18gm.) was

refluxeu in a current of air passed through soda lime

with 700cc. of a 2H solution of potassium hydroxide in

methyl alcohol. Intense blue developed at once and

refluxlng was continued during three successive days,

with the addition of a further 3GGec. of hydroxide

solution before this colour appeared to be discharged.

The reaction mixture was filtered and the precipitate

well washed with hot water, giving ISgm. of a greenish

brown product. On successive recrystallisation from

benzene, a total of llgm. v*as recovered, with a range

of m.p,172c-175° and a further gram, 171°-176°.

Prom the final mother liquor of the recrystallis¬

ation 0.15gm. was recovered, m.p.l32°-lB6°, which gave

the blue reaction with alcoholic potassium hydroxide.

a mixed melting point showed this was unhydrolysed

cyano compound.
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The second fraction (2gm.) of the p-iaethylcya.no

compound was refluxed with 250cc. of alcoholic potassium

hydroxide,{the concentration originally used by

LiacGregor) ,and as^Ln the first hydrolysis of the p-methyl
benzylcyanobenzanthrone aboye described (page 9), the

colour had gone completely after two hours. On filter¬

ing and washing after standing a further three hours,

there was collected 1.7gm. which on purification from

benzene gave 1.6gm., m.p.l74°-l77°.

The following table shows the yields obtained

throughout this preparation.

p-xylene 15C gm

monobromide 112 gm. dibromide 125 gm.

cyanide 2 got + benzanthrone A 2 gm.

p-methylbenzylcyano'oenzant. /SI gm.31 gm. crude

21 gm. purified

p-me thylbenzoylbenz&nthrone 20 gm. crude
14 gm. purified
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m-KSTHYLBEMZYL CYAKIDS.

In order to establish the identity of the higher

melting compounds isolated during the work on the

second sample of p-xylene (page 11), attention was

turned to m-methy1benzyl cyanide.

Preparation.

A sample of m-xylene from B.D.H.was used and 25gm,

were brominated as described for p-xjtlene. Distillation

of the bromide under reduced pressure (7mm.) gave two

fractions, 83°-88°, llgm.

88°-115°, 18gm.

The lower fraction was run in, with stirring, to a

boiling solution of potassium cyanide in water and

alcohol, ana the resulting solution extracted with

ether. On distilling under IOmm. a Traction came over

84°-115° as unchanged bromide. The residue of lgm. was

taken as cyanide and condensed with benzanthrone,

shaking the reaction mixture in a stoppered bottle for

four hours, pouring on to ice and HOI, and standing

over night. The deposit was filtered off and treated

with acetone, giving 0.35gm. of a yellow brown solid

which on recrystallisation from benzene had a m.p.

214°-222°. iiixed m.p. showed identity with the higher

melting product [(B)page 11], which is "thus most likely

the meta compound. Owing, however, to the unsatisfactory

fractionation obtained with the sample of xylene, this

is not conclusive, and an attempt was made to determine
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*

the nature of this xylene more exactly by oxidation of

the original as well as the fractions, but no definite

result was obtained.

It was then decided to prepare some pure m«xylene;

the method used was that of Werner and Milkens fBer.,1903

36,2117).

The m-bromotoluene had been prepared from p-toluiaine

and fractionated.

CHy cH3

3-fo-o^o^a-o
A/Hj, HHA'c. fl/UA* A/Hfc

It was then Grignarded and the resultant at-xylene

distilled. The at-xylene was then bromlnated and con¬

verted. to cyanide as before.

Condensation.

Cyanide 9gm.
*

Ben^anthrone 6gm.

KQH 18gm.

Pyridine 30gm.
'

This mixture, after stirring as usual during four hours,

acidifying and standing, then treatment with acetone,

gave iigrn. of a greenish product, m.p.l5Q°-160°, showing

characteristic cyano reaction. Crystallisation from

benzene gave m.p.l56°-1660, which is very low compared

with what might be expected from previous experiments,

viz. ,215®-220°.
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[3 Yi?u)n

ifvatn ish

-Da-v/tcv

On chromatographing 0.5gm. of the product in

benzene, there was a separation into zones, as shown

in figure opposite.

These were cut out and

extracted with alcohol,

which was evaporated and

the residue crystallised

from benzene.

1. (CN-) 0.2gm. m.p.l73°-174°

m.m.p.showed benzanthrone.

2. (CK+) O.lgm. m.p.215°-218°

3. (CM+) 0.05gm.in.p. 205 °-211 °

2. was recryst&llised from

benzene and a sample analysed,

m. p. 217 c-219°.

This gave C = 36.68, H ■ 4.62, H = 4.07, corresponding

to values C = 86.87, H = 4.77, N = 3.89, for m-methyl-

benzylcyanobenzanthrone.

V

ellout>

y

CH-C-H

The remainder of the product was chromatograohed and a

corresponding separation obtained, there being eventually

collected a total of l.lgm.
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Hydrolysis.

This was carried through as previously and gave

a product on crystallisation from benzene,m.p. 180°-131-|-0,

analysis C = 85.56, H = 5.19, corresponding to m*iaethyl-

benzoylbenzanthrone C = 36.38, H = 4.77.

Mixed melting points of these two compounds with the

corresponding undetermined compounds (pages 11 and 12)

showed identity.

Prom the method of preparation here described,

these latter are thus shown to be the rneta compounds.

A sample stated to be 80% pure m-xylene from I.C.I,

(Dyestuffs), Huddersfield, was processed.

40gm. m-xylene was brominated, giving monobromide,

20gm. b.p.I03°-10S° at 24mm.

7gm. b.p.109 °-122°

These were converted to cyanide, giving

4gm. b.p. 98°-112 ° at 17mm.

13gm. b.p.126°-132
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Condensation.

Cyanide 13gm.

Benzan throne 9gm,

KOH 27gm.

Pyridine 45cc.

This mixture gave 9gm.of crude product, which, on

recryatallisation from xylene, gave 5.5gm. rn.p.218°-222°.

The smaller fraction of cyanide (4gm.) gave 3gm. crude,

yielding 1.2gm. m.p.214°-218°.

A further 0.5gm. m.p.215°-220 was obtained by running

the mother liquors from the crystallisations through a

column of AlgOs in xylene.

Hydrolysis of 6.5gm. of the cyano compound gave 4.8gm.

crude, and 4gm. m.p.l85£L86°, when crystallised from

xylene.

The yields obtained are given below,

m-xylene 40 gm.

monobromide 27 gm.

cyanide it + benzanthrone 12 gm.

m-methylbenzylcyanobenzanthrone crude

I 7 gm. purified

Hydrolysed 6.5 gm.

m-methylbenzoylbenzanthrone 5 gm. crude

4.5 gm. purified
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^ For the preparation of the p- and m-methylbenzyl
cyanides, the method of Atkinson and Thorpe (loc.cit.)

gave quite good results in our nanus, except that there

was a yield, about 10% more of dibromide than mono-

bromide, which for the present work appears to have no

value; apart from the greater difficulty in converting

to cyanide, the dicyanide, under the conditions of the

patent, aoes not appear to condense with benzanthrone.

The tv/o bromides are readily separated by distillation,

preferably under reduced pressure.

The question of chloromethylation according to

Stephen, Short and Gladding (J".C.S.,1920,97,510) was

considered, but left aside after preliminary trials,

as not satisfactory.

In the course of hydrolysis two points of interest

arose. In the first hydrolysis of p-methylbenzylcyano-

benzanthrone (page 9), the blue colour in methyl

alcoholic KOH had changed through green, and appeared

completely discharged after two hours of heating. The

concentration used was the same as that of the original

experiment by MacGregor on benzy1cyunobenzanthrone

(1/120), when the colour was not discharged after ten

hours heating, but t$e reaction completed overnight in

air. The introduction of the methyl group would thus

appear to have facilitated the hydrolysis.

There was an apparent contradiction of this idea
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in the third case (page 14) but here the concentration

was very high (1/40) and a further trial with the

greater dilution (page 15) again gave the quicker

result. A repeat of the hydrolysis of benzylcyano-

benzanthrone under similar conditions confirmed

MacGregor*s times.

It is possible the surface formation of the fairly

insoluble wenzoyl compound was the cause of the retarded

reaction under the concentrated conditions, even result¬

ing in a minute amount of unchanged cyano compound after

the long period of treatment (page 14). In this

connection it is interesting to note that the time of

reaction in the case of the meta-methyl compound was

slightly longer than with the para, the formation of the

yellow precipitate was only partly complete after six

hours heating, there being still a blue green shade on

the solid which settled out, although the solution was

brown with green fluorescence. Overnight this blue had

gone. The substitution in the meta position would seem

to have had less effect in increasing the speed of

reaction than in the case of para substitution.
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p-iIITRCB5HZYL CYAhl-DS •

It was decided to study p-nitrobenzyl cyanide,

from which it was hoped that benzyl cyanides with

substituents such as -BHg, -OH , -OCH^, -CM , Br ,

might be prepared.

Preparation.

There being difficulty in obtaining any reasonable

quantity of this compound, it was prepared as described

by Robertson in Organic Syntheses Vol.II.XIV.p.57.

A mixture of ooOcc. concentrated nitric acid and

550cc.concentrated sulphuric acid was cooled to 10° in

an ice bath, and 200gm.of benzyl cyanide run in slowly

with stirring, so that the temperature remained about

10° and never exceeded 20°. After all the benzyl cyanide

was added the ice bath was removed, stirring continued

an hour and the mixture then poured on to 2400gm. 0f

crushed ice. A paste separated, was filtered and well

pressed, then dissolved in oOOcc. boiling alcohol.

From this, p-nitrosenzyl cyanide separated on cooling:

I70gm. m.p.ll0°-115°. Recrystallisation from 750cc.

alcohol gave: 135gm. m.p.ll3°-117°. A second recrystall-

isation from alcohol brought the m.p.to 116°-118°.

Condensation.

It was considered advisable to include here a report on

the attempted condensation, although the results were of
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a complicated nature, which it was not possible, in
the scope of the present work, to clarify. It is

interesting that in the chromatographing of the

reaction product no "benzanthrone, as such, was recovered,

but rather what seemed to be principally unchanged

p-nitrobenzyl cyanide; condensation in the sense of the

patent appears not to occur.

p-Mitrobenzyl cyanide lOgm.

Benzanthrone 7gm.

KOH 20gm.

Pyridine 70cc.

The above formed a deep red mixture which was

stirred at 30°-35° for five hours, left overnight

(18 hrs.), and then rewaraed, and stirring continued

six hours. When the mixture was poured on to ice and

HC1 a chocolate brown solid separated: 20gm. m.p,110°-130e.

After a small scale pilot chromatograph, lOgm.,

of A, were put through a column in xylene, resulting

in a series of distinct bands, shown in figure on page 25.

The first of these bands, was washed through and

gave 7gm. of a light orange product; m.p.l0S°-110°,

with a few crystals remaining till 125°. When mixed

with p-nitrobenzyl cyanide the same range of melting

point was obtained, which would indicate the product

to be principally the cyanide.
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Zones 1 to 5 gave a pink colour

with alcoholic KOH; 4 gfeenish;

5 and 6 no colour. There is

thus no indication of formation

of the p-nitepbenzylcy&no-

bentail throne; the pink colour

is similar to that obtained

with alkali and the nitrobenzyl

cyanide.

The zones were cut out and

extracted, but there was great

difficulty in getting their

contents separated at all pure,

and signs of only small amounts.

The red Colour these gave with concentrated sulphuric

acid indicates benzanthrone compannde.

V

greenish

3vouJn
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P-AMINOhlSNZYL CYANID3

The first of the derivatives of the p-nitrobenzyl

cyanide to be prepared was the p-aminobenzyl cyanide.

It was anticipated that some difficulty might be

encountered in dealing with the amino compound,which was

found to be the case, and protection of this sensitive

group by acetylation was carried out.
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Preparation,

The method of preparation was by the reduction of

p-riitrobenzyl cyanide according to Pschorr, Seydel and

Stohrer (Ber.,1902,35,4403).

A mixture of lOOgra.of nitrobenzyl cyanide with

136gm.of granulated tin was covered with 600cc.alcohol,

shaken, and kept cooled (20®-25*> while 617cc. of

fuming hydrochloric acid was grauually added, "hen

most of the tin was dissolved, the whole was warmed to

50° until there was no red colouration with caustic

soda; a little water was added to dissolve some tin

salt, and the solution concentrated to about half

volume under reduced pressure. The concentrate was

put in a freezing mixture. The double tin salt which

separated was filtered off, carefully washed with ice

cold water, and then dissolved in water and decomposed

by caustic doda. The resultant amino compound was

recrystallised by dissolving in hot water and then

cooling down in ice, owing to the appreciable solubility

of the product in cold water.

Yield 52gm. m.p.46°-47°. (quoted 46°)

Other preparations had the same m.p.

A further 5gra. were recovered by extracting the mother

liquor from the tin salt with ether, decomposing with

sodium hydroxide and recrystallising as above.



27.

A small scale experiment showed that during the

condensation with benzanthrone the sensitive amino
*

group was destroyed. It was therefore protected by

acetylation.

p-AC5T0AM.IN0.BBjl-.ZYL CYANIDE

5Gm.p-aiainobenzyl cyanide were heated for five
minutes on a water bath with lOcc.acetic anhydride and

10 drops concentrated sulphuric acid, then water

slowly added. The precipitated compound was filtered

off, washed and reerystallised from water as with the

amine. Yield 6|-gm. m,p.95°-97° (quoted 97°).

Condensation.

p-Acetoaminobenzyl cyanide 5gm.

Benzanthrone S.dgm.

KOH lOgm.

Pyridine 20cc.

These were mixed and stirred at 15° for 3-^ hours.

The mixture was then dark indigo blue. On pouring on

to ice and HC1 a brown tarry deposit was formed, which

on trituration with acetone and filtration, left a

greenish solid behind, (a) l.Sgm. m.p.l72a176°# which

gave no colour with alcoholic KOH. After recrystallis-

ation the melting point was 175°-177° and a mixed

melting point showed it to be benzanthrone.

After two days a further l.lgia. of solid settled

out, m.p.l68°-173°, and slightly (CN+).
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Chromatographing this gave 0.9gm.,identified as

benzanthrone and O.G4gm. m.p,2730-276° (C1J+).

The acetone liquor was strongly (C1T+) and was

evaporated down, the residue extracted with chloroform

and chromatographed. There was again separation of

some benzanthrone, followed "by another zone giving a

compound,(GN+) m.p.240°-245which on ci*y3tallisation

from acetone melted. 254°-256

The results of this first experiment show that

condensation takes place but not readily under standard

* conditions. A second trial was made, increasing the
*

time and temperature of reaction.

p-Acetoaminobenzyl cyanide 8,0gm.

Benzanthrone 5.5gm.

KOH 16.0gm.

Pyridine 30cc.

With the temperature kept at 25°-30°, the mixture was

stirred during eight hours, and was then left overnight,

(15 hrs.), the temperature dropping to 20°. The

temperature was again raised and stirring continued

another hour making a total time of 24 hours. ¥hen

poured on to ice and HC1, a sticky brown product was

collected, which on treatment with acetone dissolved.

This solution when cooled in ice deposited a reddish
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brown solid (CM+) 3gm.-A.l. The liquor was also (CIT+)

and on concentration gave 2.6gm. of solid - A.2.

A.l. was crystallised in successive fractions from

acetone J a. O.Sgra. m.p.241°~245°.

b. 0.7gm. a.p.252°-255°.

c. O.lgm. ia.p.2t>20-2580.

A solution in chloroform of 0,5gm.(b+c) was put through

a column of AlgO^j.
1. Washed through and concentrated ,, , j

O.lgm. m.p.280°-284°

Recrjistallisea from acetone

a.p.282°-284°

2. Cut out and extracted with

alcohol; gave very small

amount.

3. Cut out, extracted with

alcohol; gave (a) 0.13gm.

m.p.260°-265°

The mother liquor was

evaporated and residue

crystallised from acetone(2<

There was a certain residue, 3^(bl) m.p.272°-273°

From the filtrate (b2) m.p.260°-273°

Concentrated M.L. (b3) m.p.2?0°-277°

A sample of 1. was anulysed,giving the values ;-

V

J^YOa>ri

Y«u OCO

T'ci. le.

v/« I To to

Cpee n

YeUocO
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C = 80.39, H = 4.49, N = 6.82, corresponding to those

G = 80.59, H = 4.43, E = 6.96, for

p-acetouminobenzylcyaaobenzanthrone.

C H.CM

NH.c0-c.W3

A.l.(a) togetner with the remainder of A.l.(b) was

chroma tographed in chloroform.

1. Washed clour of (2), (CN-)
H».p.l68°-174°

m.m.p. showed it to he benz-

anthrone.

2. Washed through, by which time

there was a distinct darker

band (2a) which washed through

later.

2.(CH+) m.p. 263°-275°

2a. (C2T+)m. p. 28 3 236 ° \

II

jB v<pcon

Yellou

dYeer\

y«Uou>

Lcght
Ytiioio

A.2. This did not crystallise readily from acetone,

but was dissolved in chloroform and chromato-

graphed.
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A. 2»

1,Washed through# (CK-)

Ul.p.l70p-17l0

m.m.p.showed bensenthrone.

2.lashed through, (C.N+)

m.p.265°-272°

hecrystall!©ed from acetone

m.p.272°-277°

5.Extracted with alcohol, (CH+)

a.p.2G3°-274°

Recrystallleed from acetone

m.p.267°-274°

Prom the fact that there are two distinct chromato¬

graphic bonds, it would seem a© if there were two

compounds present, *65" and "SO*.

to try and get these purified they were chromatographed

in chloroform, the chloroform evaporated, and the

product then recryst&llised from acetone.

-65" I[3w(fc2)] and III 13]

This gave; 1} Light yellow f'C2f-5 washed through

2) Green yellow (CN+) sa.p,26'?«,-273®

3) Paint band at end
*

(CU+) m.p.2?4e-2,'7«

III

IBYOk)r«

)4llo<o

Qreeni-sh

Li8Kt

\/cUoio

V
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"80" I [3.0/1-3]

This gave two bands both (CIJ+)

1) Greenish yellow ia.p.2?8°-231
2) Bluish green m.p.280°-2S5°

A series of mixed welting points, however, might be

said to bear out the idea of two distinct compounds.

In each case I [1], m.p.232°-284° was mixed with:

"65" (2) m.p.263°-273° m.m.p.273°-276°

"65" (3) " 274 °-277 ° " 279°-232°

"30" (1) " 278°-231° " 279 °-281°

"80" (2) " 230°-285° " 291°-283°

With "65" (2) there is a slightly lower result than in

the other cases, if no real depression. Referring to

the results in the case of the methyl compounds in

which it was found there was a mixture of para and meta

(page 11), there is a marked similarity in the nature

of the series of results. We may here again have a

mixture of isomers due to the p-nitrooenzyl cyanide

from which the preparation started, having contained a

certain amount of ortho, although the melting point

appeared satisfactory. It is stated in the method

given by Robertson (loc.cit.) that a second recrystall-

isation from alcohol will free the product from traces

of ortho, but Braun and Blessing (Ber.,1923,56,2155)

favour redistillation



33.

Hydrolysis.

One grata of the various fractions with melting

points round 280° was treated in a current of air with

120cc.methyl alcoholic KOH. The blue colour began to

change after half an hour, to green , then in 3/4 hour

to brown. A yellow precipitate appeared after an hour,

with some greener grains, so heating was continued

another hour. The solid was filtered off and washed

(0.4gm.); crystallisation from toluene gave two

fractions: 1. 0.20gia. ra.p. 208°-220°

2. 0.03gm. m.p.215°-225°

These were together dissolved in toluene and chromato-

graphed.

1. Was wasned through but gave

very little.

2. ilxtracted with alcohol,

evaporated and crystallised

froia acetone, ia.p.2380-239°

Hecrystallised from toluene

0.02gm. m.p.235°-236°

3. Extracted with alcohol and

recryatallised from toluene

O.logm. m.p.224°-226°

We have again the probability of a mixture of isomers,

\ J

^Broon

Ovan^e.

/cU 0U3

ha-irtt

Ye 1 low
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the separation not being complete in the previous

stage before hyarolyais. Analysis tends to bear

this out.

Analysis of (3) gave C = 81.37, H = 4.37, If = 4.35,

corresponding to C =* 82.52, H = 4.29, K = 4.CI,

the values for aminobenzoylbenzanthrone (I), and not

to those for the acetoaaiino compound: (II)

C = 79.79, H = 4.35, N = 3.58

/CO /o

0 1 0 11
NHU NH.CO.CUj

Analysis of (2) was not obtainable directly, but

analysis of a corresponding compound from a subsequent

preparation (pages?) which was shown by m.ra.p. to be

identical, gave C = 81.93, H = 4.18, U = 4.33.

This again corresponds to aminobenzoylbenzanthrone.

A third preparation was carried through with

larger quantities.

p-Acetoarainobenzyl cyanibe 36gm«

Benzanthrone 24gm.

KOH 72gm.

Pyridine 120cc.

±his mixture was kept stirred over 24 hours at a



35.

temperature of 25°-30° for the first eight hours, then

cooling off to 13°. It was then acidified on ice and

the resulting product triturated with acetone, giving

2Ggm. of a greenish hrown solid (a) which was (C1J+)*

The acetone liquor was also (CK+) and on

concentration there separated from it 7gm. of a red

hrown solid.(A.U.)

These products were very insoluble in a range of

solvents.

A. was boiled with three successive portions of lOOcc.

toluene and only frora the first was there any

separation (5gm.of brown solid m.p.180°). There was

left a residue of 12gaa. m.p.27?°-285°. The

separated solid, together with the three liquours,

was warmed with just enough toluene to keep it in

solution ana this was chromatographed.

1. Washed through: gave only a

trace.

2. (Cft-} washed through:6#gm.
ra.p.l69°-172°

m.m.p.benzanthrone

3. (CN-) extracted: only trace.

4. (CU+) extracted with toluene

0.0?gm, m.p.274°~277°.

Red
^>You)n

^vee.v\
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V
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The extraction with toluene has thus removed unchanged

benzanthrone and affected a purification of the aceto-

asainocyanob enzylb en zan throne.

A.W. This was treated similarly and gave comparable

results;

Residue (CH+) 4gm. rn.p.2??°-23Q°; recrystalliBed

from acetic acid m,p.279°~231n

Solution chromatographed gave 1.5gm. benzantixrone;

shown by mixed melting point.

Hydrolysis.

A sample of lOgm. was refluxed with 1200cc.of

2H methyl alcoholic KOH over a small flame in a current

of dry, C&g free air. After 3/4 hour, the blue colour
had changed to a greenish shade, and after 1^ hours a

precipitate began to appear. The heating was continued

for another hour, when the mixture was allowed to cool

in the current of air. There was filtered off and

washed a yellow solid (A): Sgra. m«p. 225 °-230c.

Of this there was chromatographed a sample of G.5gm.

in toluene.

There was the formation of two orange zones with

a lighter yellow between, but development was very slow,

even with the addition of two drops of alcohol per lOOcc.

The column was cut out when it had developed as shown
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in the figure opposite.

A. X. 0.3gm. rn.p.231°-233°

recrystallised from

toluene, ia.p.231°-232°

2. 0.07gm. m,p.228°-232°

3. O.OSgra. m.p.229°-229°

Here there is shown a tendency

to separation similar to that

in the previous preparation (p.33),

although in a lesser degree.

\
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It was expected that the product of this hydrolysis

would he acetoaminobenzoylbenzanthrcne and it was

proposed to remove the acetyl group hy further acid

hydrolysis in order to obtain the amine.

Boiling with 50# sulphuric acid was tried and then

heating at 150° in a sealed tube with concentrated

hydrochloric acid during 17 hours, but neither method

had any effect, the original product being recovered

as shown by m.p. and m.m.p.

This was explained when results of analyses were

received, showing the acetyl group had already been

hydrolysed to the amino.
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Sample A.l gave C = 31.93, H = 4.13, U = 4.33,

corresponding to G = 82.52, H * 4.29, N = 4.01,

as required for p-amiaobenzoylbenzanthrone.

To verify this, acatylation was carried out on

|-gm.of (A.l) and this gave a product, m.p.267°-269°,

recrystallised from acetic acid m.p.270°-272°.

This on analysis gave G = 77.86, H = 4.39, B - 3.98,

corresponding to acetoaminobenzoylbenzanthrone which

requires G = 79.73, H 53 4.35, U = 3.58.

Diazotisation of p-aminooenzoylbenzanthrone.

Having obtained the p-aminobenzoylbenzunthrone it

would seem, that there is then a possibility of preparing

compounds containing other substituent groups such as

-OH, -CH, -OCHg, by diazotisation and appropriate treat¬

ment, especially where the direct method by condensation

of the relative benzyl cyanides should present special

difficulty.

The first to be attempted was the hydroxybenzoyl-

benzanthrone. In view of the insoluble nature of the

amine, the method of Hodgson and Walker (J.C.S.,1932,

=g#gv1620) using glacial acetic acid as solvent was tried.

A solution of G.ogm.of the aminobenzoylbensanthrone

in 50cc.hot glacial acetic acid was cooled and stirred

gradually into a solution of lgm. of sodium nitrite in

7cc. concentrated sulphuric acid. Stirring was
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continued for 20 minutes and then 30cc. of water were

added ana the mixture boiled for £ hour. A small

amount (G.logm.) of yellow solid separated and was

filtered off and found to have a m,p.23Q°-237°« A

mixed melting point with the aminobenzoylbenzanthrone

was 20Q°-215°, so some change had taken place.

Recrystallisation from toluene and light petroleum,

gave m.p.243°-246°.

Analysis for hydroxybenzoyloenzanthrone requires

C = 82.23, H = 4.0. Analysis of the compound gave

C = 73.80, H = 3.3, and on examination it was found

still to contain some nitrogen.

Consideration of these results might be approximately

satisfied with an assumption that under the action of

nitrous acid a nitro group had been, somehow, introduced

probably in the benzanthrone liolecule. The values would

then be C = 72.91, H ~ 3.29. There is no evidence to

advance for this, which would heed further investigation

as to the action of nitrous acid on benzanthrone.

In view of the above results and the consideration

that even if found possible, this means of preparing

the final benzoylbenzanthrones wojild give no information

regarding the condensation with benzanthrone of the

substituted cyanides, this approach was left, and return

made to the preparation of these cyanides.
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o-HYDROXf33I!ZYL CYA3TIB15

Preparation.

Pschorr, Wolfes and Buckow (Ber.1900,33r170).

To a boiling mixture of 400cc. water and 300cc. of

2'5% sulphuric acid there were added 13.2gm. of amino-

benzyl cyanide. Sodium nitrite (7gm.) in hot water

were then dropped in with stirring and after ten

minutes the solution was cooled, filtered, and the

filtrate extracted with ether. The ether was evaporated,

some water added, the solution cooled in ice, and the

precipitate filtered. On recrystallisatlon from hot

water 2.5gm. were recovered m.p.71°-'?2G (lit.70°).

It was found there was some sulphate left unchanged.

Condensation.

p-Hydroxybenzyl cyanide 2.5gm.

Benzan throne 2.Ogm.

KGH o.Ogm.

Pyridine 30cc.

The mixture was stirred for two hours before any change

in shade was noticed. It then began to turn a slight

reddish shade, which gradually deepened to maroon.

Stirring was continued for six hours and the mixture

left overnight. On pouring on to ice arid HC1 a green

precipitate was deposited, filtered off and washed.
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This gave l.Bgm. ia.p.l72°-173°j m.m.p. showed it to he
benzanthrone. There would thus appear not to he

condensation.

The application of the original method of prepar¬
ation not having given satisfactory yields in our

hands, variations were tried, but without much improve¬

ment. These difficulties in thiB initial stage of the

preparation of the series as proposed on page 23 made

it not feasible to pursue the idea further.

aCID hydrolysis of b&kzylcyano-

B3NZAKTHR0HBS

MacGregor showed that when hydrolysis of

4-benzylcyanobenzanthrone was carried out by acid, the

product formed was 4-benzylbenzanthrone. It was

thought interesting to see whether, with a substituant

group present, this same direction would be taken,

because with alkaline hydrolysis the results are shown

to be similar in both cases.

Accordingly one gram of p-acetoaminobenzylcyano-

benzanthrone was refluxed with 75cc.of an acid mixture

of glacial acetic acid, concentrated sulphuric acid

and water in the proportions 4:2:1, respectively.

On addition of the acid mixture, an orange red solution
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was formed, which changed gradually to brownish red.

After six hours heating the mixture was poured into

water, and a yellow brown precipitate was thrown out,

filtered off, and washed, m.p.217°-223°. (CN-).* As with

other compounds in this section the product was very

insoluble , so purification was tried by chromatography

ing.

The compound was dissolved in a minimum of pyridine

and then toluene added until there was just no pre¬

cipitation. The column was prepared in toluene and

this solvent was used to wash through. Tuere was a

yellow section followed by a light zone,then pale yellow-

upwards to a dark brown band at the top. That this was

due to the pyridine carrying through the first portion,

and the washing with toluene slowing up the movement

was shown when the mixture of solvents as recovered by

evaporation from the solution was used for further

development. The rate of movement was again increased,

but there was no clear separation of the yellow zone.

Audition of light petroleum to the liquor collected

after it was concentrated, threw out a crop of fine

yellow needles m.p.235°-242°. Recrystailisation from

xylene brought the m.p. to 243°-253° and analysis gave

C = 86.21, H = 5,18, N = 4.13. This corresponds well

with the values C = 85.97, H = ,5.07, jr = 4.18 of amino-

benzylbenz&n throne , not with those of the aeetoamino



45.

compound C ® 82.76, H = 5.04, K » 5.71, a result which

might ho anticipated from the strongly afcid medium

of hydrolysio#

H yiLrolyS IS

Ac.i tL

CH-C-N

NH.CO.CH3 N H <2.



44.

p-MBTHQXYBJ3M ZYL CYANIDS!

Preparation.

Using anisyl alcohol, Konao and Oshima (J.Pharm.

Soc.Jap.1951,51,979),by treatment with PC13 obtained
anisyl chloride, from which, with potassium iodide and

finally potassium cyanide, they prepared p-methoxybenzyl

cyanide. This method was repeated as follows.

Anisyl alcohol (50.75gm.) with lOOcc. ether was

put in a flask fitted with reflux condenser and 21.75gm.

PC13 in 50cc. ether run in with occasional shaking.
There was slight warming when the PCI3 was run in arid

a faint cloud of denser liquid formed, which settled

out at the bottom, 'when all was added, the flask was

warmed for ten minutes at 45°, then cooled, and the

contents well washed with watef, run off and dried oyer

calcium chloride. Distillation resulted in rapid

polymerisation to a resin, so a second run was prepared

and divided into two portions. On distilling one (A)

under reduced pressure, 7gm. of product b.p,108° at 18mm.

collected (lit., 95° at 5mm.). The remainder in the

flask formed a resin.

The 7gm.of (a) were shaken with 7gm. of potassium

iodide in 50cc. ether for seven hours, and then 3gm.

sodium cyanide in lOcc. water and 25cc. alcohol were

added and shaking continued for two hours. The ether

layer was separated, dried over calcium chloride, and



the ether then taken off, giving 5gm. of product.

The second fraction (B), which had not been

distilled, was similarly treated and 19gm. of product

recovered. This was not redistilled, but used directly

for condensation,

19Gm. (B)were taken as equivalent to 6gm. of

methoxybenzyl cyanide and with 3.5gm. benzanthrone and

IOgm.KOH, were mixed in 35cc. pyridine, kept cool and

stirred for five hours. The contents of the flask

were then pured on to ice, and sufficient HC1 added to

make acid; a brown sticky mass was formed. This was

triturated with ether and gave 2gm. of a reddish solid

(A) and a dark brown oily filtrate (B). The solid gave

no colour reaction with methyl alcoholic KOH, but the

filtrate did.

(a) was recrystallised from benzene, giving reddish

yellow needles, m.p.l690-1720; mixed m.p. with

benzanthrone 170°-173°. It is thus shown to be

benzanthrone.

(B) The ether was evaporated and £cc. of the resulting

dark brown oil was heated with 60cc. methyl

alcoholic EOH for four hours in a current of air.

This mixture had a deep blue colour which

gradually changed to green. There was no separation

of solid, and on addition of water only a small

amount of an oily substance came down. The



mixture was acidified, throwing out a tar which was

dissolved in benzene and chromatographed.

Development into zones, shown

in figure, was slow. After

three days the olive green had

changed to brown. Washing was

continued with benzene contain¬

ing six drops of alcohol per

lOGcc., and the first.yellow

zone collected (l) followed by

the brown bands taken together (2)

(1) lemon yellow crystals

m.p.l30°-150°

(2) yellow crystals

m.p.137 °-150 °.

(1) +(2) m.m.p.l28°-ld3°

The two products were dissolved in benzene and the

solution passed through a column, when the only product

collected had m.p.l71°-l?3°, and was shown to be

benzanthrone by mixed melting point.

The attempt to prepare p-methoxybenzyl cyanide by

this method was not satisfactory owing to the rapid

polymerisation of the anisyl chloride during distillation
t

due perhaps to the rather high pressure used: the

pressures obtainable were only of the order 15/20mm.,

while the Japanese authors worked at 5/9mm# The small

amount of cyanide thus prepared was treated in the
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usual way with "ben zan throne. Ho product was isolated,

but the condensation was shown to occur since the

characteristic colour was obtained with alcoholic KOH.

There would seem to be some reaction occurring

on the Alo0_ column; this was subsequently shown to^ O

be the case.

It was thought that the p-methoxybenzyl cyanide

might be obtained through the p-hyaroxybenzyl cyanide

by the method of Pschorr, Wolfes and Buckow (Ber.1900,

33,170), but as was described (page 41)) this aid not

succeed owing to difficulty in the first stage.

Eventually a sample of p-methoxybenzyl cyanide

was prepared in the department by J.S.McKail according

to the method of Xindler and Peschke (Arch.Pharm.,

1933,271,435).

p-Methoxyiaanaelonitrile benzoate was prepared by

stirring together anisaldehyde (20gm.), benzoyl

chloride (22gm.), and sodium cyanide (logrn., in 20cc.

water), keeping at a temperature of 35°-40f for about

an hour and a quarter, filtering off and washing with

sodium hydroxide, water, sodium bisulphite and again

water. Product: 36gm. m.p.64°-65°.

This benzoate (30gm.) was dissolved in boiling

tetralin and added to boiling tetralin with 0,8gm.

palladium black (Willstatter and Waldschmitas, Ber.,

1921,£4,123), and refluxed for 45 minutes.
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The solution, after removal of the palladium black,

was shaken with sodium carbonate, dried over calcium

chloride and distilled under reduced pressure. The

p-methoxybenzyl cyanide boiled at 1540-155°/l7™i'»

yields of 4gm. and fj.dgm. were obtained in two runs.

CN3o/ yno + » CH30/ Vh.cn +/v/a.cd
\ f cuhyco c i w, •' o- co.cfahy-

CH3O/ \cH.cv + Hi ^ CH3O/ V^CNn / o co c^hy v^lv> \ f -v c^y coo h

Condensation.

p-Methoxybenzyl cyanide 2gm.

Benzanthrone l.bgm.

KOH 4gm.

Pyridine loec.

The cyanide was run in to the remainder of the mixture

with stirring, in an atmosphere of nitrogen and the

temperature kept at approximately 20°. The colour of

the mixture changed to a darker green after a quarter

of an hour, then gradually to dark blue. After four

hours the contents of the flask were washed out on to

ice and HC1 sufficient to acidify added, then allowed

to stand, giving a sticky brown precipitate. This was

filtered off, and on trituration with acetone a light

brown solid was obtained: (A), 0. ?gm. ,m.p.l680-l?2e,.
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This gave no blue colouration with methyl alcoholic

potassium hydroxide, and the mixed m.p. with benzanthrone
was 172°-175°; showing this compound to be benzanthrone.

From the treatment with acetone a dark oily

filtrate was obtained, which on standing, deposited a

brown solid giving the colour reaction with alcoholic

potassium hydroxide. The mother liquor was (CU-).

(S): O.Sgm. m.p.155°-170°.

This was dissolved in benzene and put through a

column of Al^O- in benzene.
The lower bright yellow zone

was washed through giving

0.3gm. m.p.l73°-175°,(CM-).

This was shown to be benzan-

throne by rn.m.p.

The upper zone of brown, so

far as (CU+) was extracted

with alcohol, giving O.lgm.

with a m.p.l75°-173°, rising

to 179°-180° on two recrystall-

isations from benzene.

This on analysis gave C = 33.37,

H = 4.75, U = 3.63.

p-methoxybenzylcyanobenzanthrone requires the values:!:

C = 33.20, H = 4.53, IT = 3.73. {
The yield here is very small.

\
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A second experiment was carried through over a

longer period of time. Trie mixture was stirred in a

hath at 30° for two hours, then left overnight (18 hrs.)

and finally warmed to 30° and stirring continued for

three and a half hours. On ice and HC1 a sticky mass

was formed which was triturated with acetone and

allowed to stand, then filtered off, giving 0.5gm. of

greenish solid (A), hlue with alcoholic KOH. The dark

filtrate (A.W.) hIbo gave the colour reaction.

(a) This was dissolved in benzene and chromatographed.

There was no definite

separation of zones, hut these

were cut out and extracted

with alcohol.

I Yellow crystals, 0.2gm.

sup. 163°-170°

shown to bd benz&nthrone

by m.m.p.

II 0.17gm. m.p.l74°-177°

This showed no depression

in m.m.p. with previous,

analysed sample, and is

thus the p-methoxycyano-

coaipound.
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(A.W.) The acetone liquor was strongly reactive to

alcoholic KOH, so it was evaporated and the residue

taken up in a minimum of benzene and run through a

column.

V
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When the solution was run in?the column had developed

as A* Washing with benzene was continued until the

first pale yellow band was removed, when the column

stood as 3. The second yellow zone was washed through

and then the column cut out ana sections tested with

alcoholic KOH.

1. 2. 4 were negative

5 gave deep blue

6 " green

7 " orange.

The addition of light petroleum to the concentrated
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liquor of zone 1 gave a email amount of sticJcy product.

This wab extracted by boiling with light petroleum and

yellow crystals obtained with a melting point range

145°-165°. On mixing with benzanthrone a similar range

150°-1?0° was obtained. This indicates that it is

principally benzanthrone.

Zones 2. 4. 5 were extracted with alcohol, evaporated,

and the residues crystallised from benzene and light

petroleum. This mixture was usdd for recrystallisation

throughout the series which follows, except where

otherwise noted.

2. (Ch-) Q.13gm.pale yellow
needles,m.p.l76°-178°

2a. recrystallised,

m.p.l75°-176°

A sample, on analysis, gave

C = 85.69, H = 5.13, which

corresponds with values for

p-methoxybenzy1benzanthrone: C = 85.71, II = 5.14.

4, (CLr-) O.lSgm. yellow needles, m.p.l72°-174°

4a. Secrystallised, the melting point showed a

peculiar phenomenon, in that there was a definite

melting 172°-174°, then no change until 182°-184°,

when the remainder melted. It can be seen from the

table of melting points inserted at the end of this

section (page59 ) that this peculiarity was repeated

in several instances.
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5. (CU+), A red brown residue from alcohol. This was

dissolved in benzene and run through a column.
II
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The first development of the column was as A.

Washing was continued with benzene until 1. and 2.»

were removed and the colunn was as B.,when the sections

were cut out and $. extracted with alcohol,evaporated,

and crystallised.

1. (Ch-) O.Oogm,, pale yellow, m.p, 165°-17C°

2. (CB+) 0,20gm., green yellow, m.p. 147°«16tH

2a. recrystallised, in.p. 142°-157°

3. (CST+) G.OSgm., green brown, m.p. 160^167°

3a. recrystallised, fcup,;-!??19-!???0
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The melting point {2a)» showed no improvement on

(2), ao the product was dissolved in benzene and put
*

through a column.
Ill
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After development as A, continued washing brought

through (1), and then slowly (2), while (5) spread

down the column. The colour of this zone changed in

the light from chocolate brown to a greenish brovm,

and after long washing, when it had just reached the

bottom, was cut out in three sections: a) C1T-

b) slight OT+

c) CIH-

There was so little in (a and b) that it was not

possible to get melting points.
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On extraction with alcohol and recrystallisation of

( c), 0.03gm. of yellow crystals m.p.l69°... .179°-130°

were obtained but these were (CM-). The mother liquor

gave the blue reaction .

1. Was negative.

2. Also (CM-) 0.13gjii. m.p. 171 °-173°

2a. Recrystallised m.p.l72°-173° 182°-183°

Analysis of 2a gave C = 82.32, H = 4.42, which

corresponds to methoxybenzoylbenzanthrone C = 32.42,

II = 4.39.

Attempted purification of l/4a and IIl/2a.

In view of the peculiarity in melting point some

of the product was boiled with methyl alcohol, in which

it was not very soluble, and filtered.

Residue: in.p.mostly 171°-172°; some crystals 131°-183°

Filtrate: M part 171°-172°; most 132°-133°

It was decided to try chromatography, but the results
1

obtained were not satisfactory, there being no definite

separation.

Hydrolysis.

p-Methoxybenzylcyanobenzanthrone (0.2gm.) was

heated with 30ce. of 2M methyl alcoholic KOH in a

current of air. After 20 minutes the colour had begmn

to change to greenish blue, and a precipitate appeared

after £ hour. All the blue colour had gone in 2 hours,



56.

but heating was continued for another hour; the product

was then filtered off, and well washed with hot water.

A. O.lSgitt. m.p.17G°-171f°. liecrystallised from benzene,

Al. 0.08gm. M 172°-173°. Concentrated,

ML. O.OSgm. » 170°-172 °.

A sample of Al gave C = 82.47, H = 4.49, which

corresponds to the values for

p-me thoxybenzoylbenzanthrone;

C = 32.42, H = 4.39

£0

Prom the foregoing, the separation of a purified

p-methoxybenzylcyanobenzanthrone before hydrolysis

shows difficulty, so another condensation was carried

out and the product then treated for hydrolysis with

methyl alcoholic KOH without further purification.

p«Methoxybenzyl cyanide 6gm.

Benzanthrone 4»5gm.

KOH 12gm.

Pyridine 2occ.

This was stirred at 30°-35° for 6 hours, kept overnight,
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then warmed again for 3 hoursJ a total of 26 hours.

The mixture was poured on to ice and HC1, and

allowed to stand overnight. There settled out a dark

red brown deposit, which after decantation was dissolved

in 150cc.methyl alcoholic KOH, air passed in, and the

mixture heated. After 3/4 hour there was a separation

of yellow solid, the mixture still remaining very dark.

Heating was continued 4 hours and after cooling in air

the dark brownish yellow precipitate was filtered off

and washed.(6gm.) The mother liquor was dark brown

with a strong green fluorescence,

Iurification. One gram in benzene was passed through

a column.

The figure A on the following page shows the first

develppment.

The state of the column after washing through

with benzene, and before cutting out and extracting

with alcohol, was as shown in B.
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1. Yellow, 0.02gm. m.p.162°-171° m.m.p.benzanthrone

2. Green yellow, O.Oogm. m.p.149°-168° Probably

mixture of. benzyl and benzoyl.

3. Bright yellow, 0.65gm. m.p.l70°-172°. Shown to

be benzoyl compound by m.m.p.

In view of the results of this column, the

remaining 5gm. were dissolved in toluene and passed

through a longer column in toluene. Under suction

during two hours a faint yellow band separated and was

washed through. Without suction over an hour, a

second yellow band developed and this was then washed

through with suction. A greenish line showed signs



59.

of spreading out (3), so the

suction was again shut off

during £ hour, by which time

this had developed distinct¬

ly. 11 was then washed out

under slight suction.

The main yellow section (4)

was then taken out and

extracted with alcohol.

V J

1. Very small amount;

possibly a forerunner

of benzanthrone.

2. C.login, hi.p. 168°-173°

benzanthrone by m.m.p.

3. 0.15gm. Jta.p. 173°-177°{ benzyl by m.rn.p.

4. 3.30gm. " 170°-174°; benzoyl "

II

C^veev\isk
J&rO<o n

"Red.

Ska.cJ i *\<^
tb

Velio"

"Pale

Cqr*eer>isk

Ve) I o to

Fa.I* h

/e ? ?ouo

The table of melting points shows the relation¬

ship between the various products isolated.

It appears from these results that the low yield

of benzylcyano compound recovered in the first experi¬

ments in this section (pages 48 and 50) may to a great

extent be accounted for by reactivity of the compound

in contact »ith A1803 in light> oauelng prinoipaily
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+
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oxidative hydrolysis to p-methoxybenzoylbenzanthrone.

There was also a certain amount of benzyl compound

isolated in the second and third cases investigated

(pages 52 and 59), so that there would seem to be two

types of hydrolysis occuring simultaneously, the

"oxidative" being favoured when alkali is present.

It has been shown (page 41) that hydrolysis in acid

medium results in a benzylbenzanthrone being formed.

Another possibility is that the benzyl formation is a

first stage,followed by oxidation to the benzoyl

compound. This however is not very probable, in view

of the method of treatment in the last example; also

MacGregor found that oxidation of 4-benzylbenzanthrone

did not take place at all readily.

In the light of these latter results, the question

arose as to whether the benzylcyanobenzanthrones

obtained in earlier condensations were similarly

affected, and to what degree. It was thought possible

to reach an approximate idea of this by exposing a

comparative series of small tubes, each containing a

similar mixture of one of the various compounds with

Al2°3 in benzene and testing these at intervals for

the blue colour reactions with alcoholic KOH. At the

same time blanks in the solvent alone were tested.

The results obtained were very interesting and are

set out in the table following.
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EXPOSURES TABLE FOR 3J^TZYLCYAIJ035^ZAHTHR0W:SS

1 2. 3 6 7 a 10 16 20 days

1. p-methoxy F VP -■

2. p-acetoamino + + + L F -

3. p-methyl + + + + + L F -

4. m-methyl + + + + + L F -

5. unsubstituted 4- + + + + L F -

F = faint VP = very faint L = lighter

The blanks in all cases showed no change.

Some of the mixed powders as used in 3.4.5., were left

exposed to the air in a dry state, and these gave a

similar order of reaction, but in periods shorter by

two days. The air has thus an accelerating effect

on the reaction, which conforms to the conditions of

oxidative hydrolysis, in which air is blown through the

reaction mixture.

It was not possible, unfortunately, on the scale

of this experiment, to determine the type or types of

hydrolysis which had occurred; such information might

be given by a larger scale set of similar experiments

if the respective compounds in sufficient amount were

available.

Since this comparison was made,it has become known
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that the Al205 has a slight alkaline reaction to

phenolphthalein, due to a residual amount of alkali

fixed on the powder. This makes it possible that the!
factor inducing hydrolysis during chromatography and in

the series above, is due to this small trace.

To test this, some of the AlpOg was just acidified
with glacial acetic acid and washed with benzene. A

small quantity of the raethoxycyano compound, the most

sensitive in the recorded scale, was then mixed with

the treated powder and exposed as before. The result

bears out our supposition, for after thirty days, there

was no diminution in the intensity of the colour reaction.

Glacial acetic acid alone has no effect.

It seems thuB to be established that the presence

of alkali is essential to effect the oxidative hydrolysis.

There is no indication from present experiment,

as to the exact tole of the alkali, but from the minute

amount present on the AI2O3 being sufficient to cause

hydrolysis, the effect may probably be in some way

catalytic.

The order of the exposure table corresponds with

the observations taken during the course of the normal

hyarolytic procedure, appearance of the yellow

precipitate in the reaction mixture being used as

indication. The times noted were as follows;

p-methoxy - -§■ hour; p-acetoamino - 1 hour;

p-methyl - 2 hours; m-raethyl - 6 hours.
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A related factor is that in the case of the more

readily hydrolysed compounds the original condensation

had required to "be boosted.

Condensation is accompanied in all cases by a

number of side reactions affecting the benzanthrone,

the nature of which has not been investigated here.

This results in making the isolation and purification

of the main product a tedious process by ordinary me^ns

of crystallisation, with consequently, a considerable

loss in yield.

After the work on methylbenzyl cyanides, direct

recourse was had to purification by chromatography,

which on the whole gave more satisfactory results; but

even this method was complicated in the case of the

acetoamino compounds by their insolubility, and of the

methoxy by sensitiveness to traces of alkali.

In the preparation of the cyan© compounds the

treatment with acetone to resolve the tarry reaction

product, involves a potential if not always actual

initial loss, the recovery of which requires a lot of

further work. Where the preparation of the benzoyl

compound is the objective, the separation of this inter¬

mediate appears unnescessary and direct hydrolysis

carried out on the crude product, if possible, would

seem preferable. The example tested in the methoxy

series (page 56), points to this procedure as being

advantageous.
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SUMMARY

It has been found that the preparation of substitut¬

ed benzyl cyanides in quantity and in a pure state,

presents a considerable number of difficulties, and so

the series of attempted condensations was limited.

From those investigated it is seen that substitu¬

tion in the benzyl cyanide influences the condensation

with benzanthrone in varying degree. Thus with p- and

m-methyl, condensation occurs under the normal conditions

p-methoxy and p-acetoamino require increase in time;

p-hydroxy, and p-nitro appear to inhibit condensation.

The latter two examples show an interesting differ-
t

ence in behaviour. Whereas no condensation in the

sense of the Patent occurs in either case, feith the

hydroxy compound the benzanthrone is recovered practical¬

ly in toto. On the other hand no benzanthrone is

isolated after the treatment in the case of the p-nitro-

benzyl cyanide, cut what seems to be largely the original

cyanide. The benzanthrone appears to have formed

complexes.

Where condensation occurs, the subsequent hydrolysis

by means of methyl alcoholic potassium hydroxide, is

greatly influenced, not only by the nature, but also by

the position of the substituent group; the order of

acceleration being, p-methoxy p-acetoamino p-methyl

m-methyl.
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The isolation and. purification of the benzylcyano-

benzanthrones involve difficulties, no indication what¬

ever of which is given in the patent literature, where

the results quoted would, to all accounts, seem quite

straightforward to realise.

The direct hydrolysis of the crude condensation

product obtained with p-methoxybenzyl cyanide, without

any purification, gave an exceedingly good yield of

benzoyl compound and for the preparation of these

latter, the method is indicated as most suitable,

"£hile hydrolysis of a benzylcyanooenzanthrone in

acid medium results in the formation of a benzyl-

benzanthrone, and in alkali of a benzoyl compound, the

former course has been shown to be followed to some

extent also in alkali in the case of the compound most

sensitive to hydrolysis, viz., p-methoxybenzylcyano-

benzanthrone. The conditions influencing this need

investigation.

The oxidative hydrolysis with alcoholic alkali

gives in all cases a good yield of faiily pure compound,

but the dilution at which this is carried out affects

the rate considerably, slowing down very much for a

dilution of 1/40 in place of 1/120.
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