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This invention rélates to the manufacture of
vat dyestuffs of the anthraquinone series. More
" particularly, this invention deals. with an im-
proved process for the manufacture of diben-

45 zanthrone compounds by the alkaline fusion of
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benzanthrone or its:derivatives.
The caustic fusion of benzanthrone to . di-

benzanthrone has Teceived ‘considerable study.

in the art. . "The earliest processes as suggested
by Bally (U. S. Patent 818,992) involved the

‘heating of benzanthrone in' melted caustic. pot-
ash at a temperature of 180-to. 230° C. or the

fusion of a bénzanthrone derivative, for.- in-
stance, chloro-benzanthrone, in a melt of equal

“parts of caustic potash and absolute alcohol at

a temperature of about 150 to 186° C. (U. 8.
“Patent 818,338). _Later various modifications
ere applied to- these’ original . processes, most
of them involving the addition of various dilu-
ents or assistants to the fusion bath. - Among
" these, it has been ' claimed that the addition
of reducing agents such as. dextrine, dextrose,
fructese and: various aldehydes produce benefi-
cial results. (U.'S. Patents 1,478,027; 1,844, 381
1,845,245 and . 1, 849,826.)  Nevertheless, "the
above ‘processes leave much to be improved as
regards quality of the product.  Although -the
crude dyestuff cobtained . in’ many cases -corre-

sponds - practically to the theoretical yield ex--

pected from -the ‘initial "quantity -of : benzan-

throne, the product is invariably contaminated

with 1sod1benzanthrcne and its tinctorial value

Cig low. In many cases the crude’product con-

tains -as high. as 40% -of inert, vat-insoluble

5 -material,. and theportion that is vattable is fre-

‘quently so-rich in -isodibenzanthrone as to :seri-
ously affect the shade of the dyeing, and render
the dyestuff unfit for the purpose intended..
Most cf these processes are in substance two-
stage processes.” At first 2,2’-dibenzanthronyl

“is formed (Houben, “Das Anthracen und die

Anthrachinone”, pages T74-775). 'The forma-

tion of this intermediate is particularly favored”

where the benzanthrone and caustic alkali are
mixed in the cold and heated up jointly to the
cptimum: fusion temperature (The latter is

) generally around 180 to 230° C.) .- At the higher

temperature,  the infermediate ring: closes “to
produce dibenzanthrone in leuco form, which
upon . aeration gives the dyestuff. It appears,
howsver, that ‘not all of the intermediate 2,2’-
dibenzanthronyl 'is-so ring closed. Under the
influence’ of the higher temperature; part of -the

intermediate -is - disrupted and ‘recombined ‘in a

(CL 260—61).

different manner to glve modlbenzanthrone and
other undesirable by-products. :

I have now found that -if -benzanthrone is

fused with alcoholic potash in the presence - of
“an oxidizing agent, and preferably in the pres-
“ence of an inhibitor such as potassmm acetate,
an exceptionally high yield -of dibenzanthrone
in a state of high purity may be obtained. The
‘product obtained is generally quantitative in
“yield and substantially free of either vat in-
- soluble - impurities. or 1sod1benzanthrone ‘The
tinctorial yield of the product is 40 -to 60%
‘greater - than that obtained by direct caustic

fusion -of * benzanthrone; - which -is undoubtedly

due ‘both to the inéreased yield of dibenzan-
throne ‘and to -its higher purity which causes
-its -dyeings to be of - true shade and improved
brightness. ~ Since an oxidizing "agent is "the
direct opposite- of a reducing-agent, the above
result is truly astonishing in view of the prac-
‘tice in the art as above referred-to.

©“As oxidizing -agent, .practically ~any known
- agent adapted to work in alkaline medium may
be employed. The field is practically unlimited, .
as both inorganic . and organic oxidizing agents °
may. be resorted to with great-success. .Thus,
~the ‘following oxidizing "agents have ‘heen found
by me to give improved results: metallic' perox-

ides:; alkali metal chromates, bichromates, and-
30

permanganates;  metal nitrates or chlorates;
“cupric oxides or salts; ferric compounds, ‘nitro-
berizene sulfenic acids.
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~With most oxidizing agents, best results are .

'obtalned if the agent is added after the beginning
of the reaction and preferably at that stage when
formation --of 2,2’-dibenzanthronyl apparently
proceeds at a high rate. In other words, the
‘oxidizing agent should be ‘added after the tem-
‘pérature of the mass- has reached about 100°-150°

C.,'and has been maintained at this temperature -

for some time.  The rule, however, is not absolute
“and varies considerably with the particular oxidiz-
‘ing’ agent selected.  Thus in the case of ‘basic
ferric acetate, I have added the entire oxidizing
agent at the beginning, and before the mass was
heated ‘up to the -optimum temperature. The
fusion product, however, exhibited fully 40 to 60% .

A5 -

-greater tinctorial-yield tha,n dlbenzanthrone ob- .

‘tained by direct fusion.:
Inert diluents may be: added if desired, for in=

50

stance, kerosene, naphthalene, d1pheny1 and the ‘

Jike.

The theory of the reactmn is not qu1te under- ‘

‘stood. -As stated -above, it appears that 2 ,20=di-

~benzanthronyl, ‘more correctly, its leuco ‘form, is °
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first formed in the reaction. The presence of the
oxidizing agent apparently assists its conversion
into leuco-dibenzanthrone, without giving it the
opportunity to decompose, under the influence
of the high temperature, into intermediate prod-
ucts which would otherwise lead eventually to
isc-dibenzanthrone or to alkali-insoluble by-
products. The latter effect is particularly
brought out by the use of an inhibitor such
as potassium acetate. This agent seems to reg-
ulate and slow down the rate of reaction where-
by to prevent the formation of the undesirable
by-products prior to the final heating up stage,
where the oxidizing agent begins to exert its
effect. - Any other means of controlling the rate
of reaction during the first stage of the process
without, however, cooling the mass to a point
where fusion will not proceed at all, would ap-
pear to give equally good results. For instance,
sodium acetale, potassiuim propicnate, or other
alkali metal salts of lower aliphatic acids may
be used to accomplish the same purpose.
The quantity of oxidizing agent required -for
The
theoretical quantity appears to be the equivalent
of % atom of oxygen per mole of benzanthrone.
However, allowance must be made for the fact
that the oxygen equivalent of a given oxidizing
agent in alkaline alcoholic medium is not the
same as that in agueous acid medium. Gener-
ally it is less, therefore a greater quantity of the
oxidizing agent is necessary. Thus, in the case

_of potassium chlorate I found that 1% to 2%

moles per mole of benzanthrone gives best results.
In the case of pofassium permanganate, as low as
%4 moles per mole of benzanthrone was sufficient.
In the case of cupric oxide 4% moles were found
necessary.  Moderate excesses of oxidizing agent
produce no ill effects upon the product.

I have also found it advantageous to -use a
lower alcohol-potash ratio than used . heretofore
in similar fusions in the art. Generally speak-
ing, the ratio of aleohol to caustic potash should
not exceed 1:2 by weight.

Without limiting my invention to any partic-
ular procedure, the following examples are given

- to illustrate my preferred mode of operation.
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Parts given are by weight.
Ezxzample 1

25 parts of fused potassium acetate are added
to 25 parts of methanol and stirred until sub-
stantially dissolved. 159 parts of caustic potash
are added, and the mass is heated to 125-130° C.
250 parts of molten naphthalene are now intro-
duced, and then 59 parts- of purified benzan-

throne, M. P. 168-170° C., are added. The tem-

perature is then raised at a wuniform rate to
140° C. during half an hour. 'There are then
added 59 parts of finely ground natural man-~
ganese dioxide (approximately 86% MnO2)
during 5-10 minutes. Heating is-continued uni-~

formly to a gentle reflux (about 215°) and held .

at this temperature with continued stirring for
3 hour. After cooling to 85-90° C., 750 parts
of warm water are added and the naphthalene
is distilled off with steam:. The residual mass
in the still is then filtered and washed with water.
The filler cake is suspended in 1500 parts of
water; 150 parts of sulfuric acid (88° B&.) and
35 parts of sodium bisulfite are added, and the
mass brought to a gentle hoil, filtered, washed
and dried. A gquantitative. yield of dyestuff is
thus obtained which is practically free of iso-
dibenzanthrone,  dissolves in concentrated sul-
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furic acid with a red-violet color, and gives dye-
ings upon cotton of the shade characteristic of
pure dibenzanthrone.

If in the above example, 25 parts of fused so-
dium acetate or 25 parts of fused potassium
propionate are used instead of 25 parts fused
potassium acetate, very similar results are ob-
tained.

Example 2

250 parts of molten naphthalene, vreviously

‘heated to 180-135° C. are added to a melf of

25 parts of methanol, 25 parts of fused potassium
acetate and 150 parts of caustic potash flakes all
previously heated to 125° C. 50 parts of benzan-
throne are then added at the same temperature.
The temperature is then raised at a2 uniform rate
during about 34 hour to 135° C., when 25 parts
finely ground potassium permanganate are added.
Heating is continued so that the temperature rises
uniformly to a gentle refluxing of the naph-
thalene and the fusion mass is stirred at this
temperature (210-215° C.) for 34 hour and worked
up as in Example 1. Dibenzanthrone is thus ob-
tained in a very high tinctorial yield.

. Exzample 3
‘260 parts of high boiling kerosene are heated to

130° C. and added to a melt of 25 parts of meth-

anol, 25 parts of fused potassium acetate and

‘150 parts of caustic potash flakes, heated to

130° C.. The temperature of the mixture is ad-
justed to- 125° C., and 50 parts. of benzan-
throne are added. The whole mass is heated
during about 34 hour to 135 C., 50 parts man-
ganese dioxide (86%) are then added during
about 5~10 minutes and the temperature of the
mass is raised to 220° C. during %-34 hour. The
fusion mass is maintained at a femperature of
215-220° C, for another 34 hour; cooled to 150-
160° -C., and the kerosene layer is decanted off.
The fusion mass is then transferred into  cold
water, steam distilled free of traces of kerosene,
filtered and washed. The product, when freed
of manganese compounds as in Example 1, con-
sists of dibenzanthrone exceptionally free from
impurities.
- Example 4

The fusion is carried out as in Example 2, with
the exception that 62.5 .parts potassium chro-
mate are used instead of 25 parts potassium per-
manganate, and the chromium hydroxide is re-
moved after the fusion by a simple acid ex-
traction. The product so obtained is practically
of identical quality with that of the previous ex-
amples. . .

- Exzample 5

50 parts of benzanthrone are added at 125° C.
to a melt of 25 parts of methanol, 25 parts of
fused potassium acetate, 150 parts of caustic
potash flakes, -and 250 parts of naphthalene,
mixed hot in the order given. The temperaturs
is then raised during about 34 hour to 135°
and 79 parts of finely powdered cupric oxide are
added.  Heatling is continued so that the reflux-

‘ing point (210-215° C.) is reached during about

% hour. After being maintained at this tem-
perature.for 3, hour more, the fusion mass is ai-
lowed to cool with stirring to 85-90° C. and di-
luted with 600 parts warm water. Affer steam
distillation cf - the naphthalene, copper is re-
moved by known methods and the dyestuff fil-
tered off and dried. Dibenzanthrone is thus ob-
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tained of a.quality.practically . 1dent1cal with- tha,t
of the products. previcusly d\.scrlbed

Eﬂ“ample 6

A melt of 0 ‘parts of ‘methanol, ~_5' parts of
fused potassium acetate and 150 parts of caustic

‘potash flakes is heated to 139° C. and then di-
50 .

luted with 250 parts of:molten naphthalene:
parts of benzanthrone are then added at 135°
C. and -the temperature raised to 135° C. during
about 34 hour: 75 paits of finely powdered po-
tassium dichromate are then added, the tem-
perature is raised slowly to the refiuxing point of
the mixture, and maintdined at that point with
stirring for % hour. 'The melt, which becomes
very thick toward the end, is freed from naph-
thalene, by decantation, transferred o cold wa-

“ter, and steam distilled. free of traces of diluent.

After filtering and washing, -chromium ' com-
pounds  are removed by ex uractloﬂ with dilute
sulfuric acid. The prcduct so obfained con-
sists of dibenzanthrone having substantially the
same properties as above ncted. '

E:cample 7

A melt of 37.5 parts of miethanol, 12.5 parts of
fused potassium acetate and 150 parts of causti
potash- flakes is heated to-135° C. and diluted

with 250 parts molten naphthalene. 53 parts
of benzanthrone are then added at 125° C,, and
the temperature is raised during about 3 hour
to 135° C.
chlorate are then added and the temperature is
raised to the refluxing point (210-215° CO.
After stirring 34 hour at this tempe“a‘rme the
fusion mass is cooled to 125-130° €. and ‘vacuum
is graduslly applied to the fusion kettle. - The
naphthalene distils over without foaming -atb

120-125° C. under 28 inches vacuum-.and is re-

covered in a pure anhydrous form: suitable for
re-use.” 'The . residue is stirred up in water,
aerated, filtered, washed, and dried in the usual
manner. Dibenzanthrone is thus. obtained of
substantially the same properties as described in
the previous examples. - - -

" Similar results are obtained if potassium .or
sodium nitrate are used. instead of potassium
chlorate. The use of sodium. chlorate also gives
practically the same resulls as-potassium chlo-~
rate with the exception that the recovery of dil-
uent is somewhat diminished ) IR

E:vample 8

A melt is prepared as in Exaﬁnp?e 7 uSAng 15
parts of methanol, 15 parts of fused potassium
acetate, 90 parts of caustic potash, and
parts of naphthalene. 15 parts of Bz2-methoxy-
benzanthrone (obtained according:to U. S. Pat-
ent No. 1,614,398) are then added at-125° L., and
the temperature is raised to 135° .C. during -34
hour." After adding 15 parts of finely powdered
potassiim ‘chlorate, heating is continued uutil a
‘The fusion
mass is then stirred % hour st 196-200 C.and
worked up by cooling tc about 125°. C., drowning
in 900 parts of cold water, foliowed by aeration,
steam distillation of the naphthalene, “fltration
and. washing. ~'The product. so obtained consisis
of dimethoxy. dibenzanthrone la,vmg less than
a9, vat-insoluble impurities.

W‘:cdmple 9.

30 parts of benzanthrone and 30 parts of pow»
dered potassinm chlerate are added.at 135-140° C.

" .. the “aphthalene cand, extraction

50 parts of finely powdered potassmn,

150
“ple, from 2

“-the spirit of this invention.

3
to a-melt of 30 partk, of methanol, 7.5 par ts fused

potassium acetate ‘and 90 parts ‘caustic ‘potash.
The fusion mass is heated- g*adaally to 210° C,,

. callowing: alcohol to distil off; and is held at 210—
218° C. until dyestuft fozmatmn is complete, whieh -
The melt may then ~

usually reguives 34 to 1 hour,
bs drowned in water, or cooled and-diluted with

water, acrated, filtered, washed, and dried. Di-

benzanthrone of high purlty a,rxd nigh ti ncwnal
vield is sc obtained:

: E.mwi:éle 10 , 7
of henzanthione sre added at 125° C.
50 parts of 95% ethyl alcohol, 25

< B0 narts
to a mel of
parts
caustis fpot sh -and- 300 parts- of :naphthalene,
mixed hot in the order given. —After raising the
temperature to.135% C. during Y6~84 hours, 62.5
parts 6f finely powdsred’ potassium dichromate
are addoed, and the temperature is then raised to
57 . and maintained w1f‘r1 continued stirring
0=215° €. for 24 hour.” :After cooling the
welt to:85° C;, it i diluted with 500 parts of waim
and worked- 1ip by ‘steam distillation” of
; of chromium

G5

compounds by méans of ditute sulfuric acid:
dye stuff so 6htained -consisis of .high grade di-
binzanthrone:
as de:crﬂ\ed above,

T J,Vam'oZe 11 )
250 parts of molten napmhwem e.added to
meltof°37.5 parts -of methancl, 1? ﬁ parts of
| potassiom acetale and 159 parts of caustic
potash heated to 130-135°. There are then added
50 parts:of -finely powdered: basic ferric- acetate
and 25 parts of purified henzanthrone. The tem-

- perature is raised to the refluxing point of the

mixture. Aﬂ;ﬂr stirring for 34 hour at this tem-
perature (215°. ¢ the meli is allowed to cool
to about109° C. and Jiluted with 600 paris of
warni water. -The prf‘o uct is worked up by steam
distillation’ to remove vxanht‘lalene fltered, and
‘the filter cake. is boiled - in. anexcess of hydro-

chlcrie acid to remove -dron .compounds. It is
thcn filtéred, washed and dried. - The product so
obtained consists of dibenzanthrene of substan-
tsal‘v ’r,hu uame high qualities s above desc md

Ea"amﬂe 12

A *nd(; of 375 parts: of methanol,™ .!.2 5 narts

of fused potassivm acetate and 150 parts of caus--

tic potash flakes is heated to 135° C. and diluted
withi: 250 parts molten: haphthalene, - 'The tem-
perature is then adjusted to 125°C. and 317.5 parts

fused pcnssmm acetate, 150 parts of

‘The:
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of finely ground basic.ferric acetate and 25 par ts

of alpha-chlor-benzanthrons, obtained,; for exan-
alpha-chioranthiraquinone end glycer-
ine, are added. The temperature is then raised
to about 215°-C. and the veaction mixture stfu‘red

under refiux for ‘% hour. - After cocoling tc 90-

60

1488° C., 640 parts warn Wote“ are added, and the .

mp th-,lcm is
The product iz isolated by filtering and washing,

followed by extraction with hydrochioric acid to.

romgve . iron hydroxides.  The dyestuff so- ob-
tained gives a somewhat greener shade of blue
than dibenzanthrone ~ifself and is of Dxcmlent
yvield and. great purity.

It will ke understood that many vwmatﬂonu ahd
modifications® are possible in the preferred pro-
cedures above indicated without departing from

Thus, instead of any of the oxidizing agenta

removed by steam distillation.
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indicated albove, many other oxidizing agents may 75
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be used. In one test, following the procedure of
Example 1, I have replaced the 50 parts of man-
ganese dioxide by 85 parts of finely ground m-ni-
trebenzene-sodium sulfonate (68%) with highly
satisfactory results. Mixtures of oxidizing agents
are sometimes advantageous.

The proportion of alcohol may be varied some-
what, depending on the kind of alcohol and the
kind of oxidizing agent, but the amount used
should not be less than those indicated in the
examples at risk of formation of more or less
isodibenzanthrone. Generally, a ratio of 1 to
Y2 part of alcohol 0 each part of caustic potash
will give satisfactory results, with an optimum
at about 1:4.

It has been found that prolonged heating such
as 3 to 4 hours, as specified in some of the older
types of fusions, is not necessary, but that dye-
stuff formation is usually complete in 34 to 1
hour after the maximum  temperature of the
fusion has been reached. The latter may vary
between 180 and 230° C.

Instead of working up the fusion by steam dis-
tillation, a solvent for naphthalene, such as tolu-
ene, may be added to the partially cooled melt,
followed by filtration and washing the filter cake
with a light sclvent to remove the heavier dilu-~
ent. Alternatively, vacuum distillation may be
resorted to, as illustrated in Example 7.  After
steam distillation of the diluent, the dyesiuff
may be separated from insoluble inorganic mat-
ter by vatting, filtering and aerating the filtrate.

Many other variations and meodifications -are

possible without departing from the spirit of this

invention. : v

- Iam aware of U. S. Patent No. 1,564,423, where~
in benzanthrone is first converted to 2,2’-di-
benzanthronyl and the latter is isolated and con-
verted into dibenzanthrone or an oxidation de-
rivative. thereof either by further caustic fusion
in the absence of an oxidizing agent or by oxi-
dizing in acid medium. My novel process  dif-
fers from the above in several important respects,
of which the following two are of major signifi-
cance.
isolation steps are necessary, and the oxidation
is effected in alkaline medium. That 2,2’-di-
benzanthronyl could be ring closed by oxidation
in alkaline medium has apparently not been
known to date. On the contrary, as already
pointed out above, it was believed in the art that
the caustic fusion is favored by the presence of
reducing media. I may add further, that the
final dyestuffs obtainable by my process are of
superior purity and tinctorial yield as compared
with the dyestuffs when the procedure of said
U. S. Patent No. 1,564,423 is followed.

I claim:

1. The process of producing a dibenzanthrone
which comprises fusing a benzanthrone with al-
ccholic ‘potash in the presence of an oxidizing
agent.

2. The process of producing a dibenzanthrone
which comprises fusing a benzanthrone with al-
coholic potash in the presence of an oxidizing
agent, the alcohol potash ratio being less than
1 to 2 by weight.

3. The process of producing a dibenzanthrone
which comprises fusing a benzanthrone with al-
ccholic potash in the presence of an oxidizing
agent, the alcohol potash ratio being less than 1
to 2 by weight, and the amount of oxidizing agent
being not less than the alkaline equivalent of
1, atom of oxygen per mole of benzanthrone.

4. The process of producing a dibenzanthrone

In my improved process no intermediate

1,998,867

which comprises fusing a benzanthrone with al-
coholic potash in the presence of an oxidizing
agent and an alkali-metal salt of a lower ali-
phatic acid.

5. A process as in claim 4, the alcohol: potash
ratio being less than 1:2 by weight, and the
amount of oxidizing agent being not less than the
alkaline equivalent of % atom of oxygen per
mole of benzanthrone.

6. A process for producing dibenzanthrone
which comprises heating a melt of benzanthrone
in alcoholic potash to a temperature between
100 and 150° C., adding an oxidizing agent and
further heating the mass at a temperature favor-
ing the formation of dibenzanthrone.

7. A process as in claim 6, the quantity of al-
cohol being less than 1% by weight of the quan-
tity of caustic potash.

8. A process as in claim 6, the fusion mass
containing further an inert diluent.

9. A process as in claim 6, the fusion mass
containing further naphthalene az a diluent.

16. A process as in claim 6, the fusion mass
containing further an alkali metal salt of a lower
fatty acid.

11. A process as in claim 6, the fusion mass
containing further potassium acetate.

12. A process for producing dibenzanthrone

which comprises heating a melt of benzanthrone
in alcoholic. potash to a temperature between
18D and 150° C., adding an oxidizing agent and
further heating the mass at a temperature of
Between 180 and 230° C.
13. A process for producing dibenzanthrone
which comprises preparing & melt comprising
benzanthrone, aleohol, caustic potash, an oxidiz-
ing agent and an alkali metal salt of a lower
aliphatic acid at a temperature not less than
180° C. and not above 150° C., and heating said
melt further to a temperature between 180 and
230° C. until dyestuff formation is substantially
complete.

14. A-process as in claim 13, the quantity of
alcohol being less than Y% by weight of the quan-
tity of caustic potash. :

15. A process as in claim 13, the melt contain-
ing further an inert diluent.

16. The process of producing dibenzanthrone
which comprises fusing benzanthrone in a melt
of caustic alkali, an alcohol, an inert diluent and
and alkali-metal salt of a lower aliphatic acid at
a temperature of about 120 to 150° C,, adding an
oxidizing agent, raising the temperature to be-
tween 180 and 230° C. and continuing the heating
unt%il dyestuff formation is substantially com-
plete. ’

17. The process of producing dibenzanthrone
which comprises fusing benzanthrone in a melt
of caustic potash, methanol, naphthalene and
potassium acetate at a . temperature of about
120 to 150° C., adding an oxidizing agent, raising
the temperature to between 180 and 230° C. and
continuing the heating until dyestuff formation
is substantially complete. -

18." A process as in claim 17, the alcohol being
present in a ratio not less than % and not more
than ¥z by weight of the caustic potash.

19. A process for producing dibenzanthrone
which comprises fusing benzanthrone in the pres-
ence of caustic potash under conditions favoring
the formation of 2,2’-dibenzanthronyl, adding an
oxidizing agent and further fusing the mass at
a temperature favoring the formation of diben-
zanthrone. .

20. A process of producing dibenzanthrone
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which comprises fusing a mixture of benzan-
throne, caustic potash, alcohol, an alkali metal
salt of a lower aliphatic acid and an oxidizing
agent under conditions favoring the formation
of 2,2'-dibenzanthronyl, and then raising the
temperature to the range favoring the formation
of dibenzanthrone.

21. The process of producing dibenzanthrone
which comprises oxidizing 2,2’ -dibenzanthronyl

10 in alkaline medium.

22. The process of producing dibenzanthrone

5
which comprises oxidizing 2,2’ -dibenzanthronyl
in its own highly alkaline mass of formation.,

23. ITn the process for producing dibenzan-- -

“throne which comprises fusing benzanthrone in
the presence of caustic potash under conditions

favoring the formation of 2,2’ ~dibenzanthronyl
and then adjusting the conditions to-effect ring-
closure to dibenzanthrone, the step which com-
prises carrying out at least the latter part of the
fusion in the presence of an oxidizing agent.
EDWARD T. HOWELL.
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