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INTRODUCTION

Dyes are classified in sccordance with their
chemical constitution or their application to textile
fibers or other colouring purposes, Their dyeing
properties are useful for subdivision of a large group
of dyes such as azo or anthraquinone dyes. Thus basic
classification of the anthraquinonoid dyes indicates
the fundamental nucleus from which all the dyes in the
series are derived, but for a detailed consideration it
is convenient to divide the group into mordant, acid,
vat. and disperse dyes.

Vat dyes are organic colouring matters capable
of undergoing a reversible reduction-oxidation cycle
without colour loss or change of shade, Vat dyes can
be reduced by sodium dithionite (hydrosulphite) in
presence of alkali. The chemical change in such a
process is the reduction of quinone or carbonyl groups
to alkali-soluble phenolic or enolic groups
(=0 = VYc-0i—> ) C - ONa). The sodium
salt of the reduction products (leuco compounds) have
affinity for textile fibers, and when the impregnated
fiber is exposed to air, the leuco compound reoxidises
to the insoluble pavent dyes. Vat dyes belong to two

main chemical classes: indigoid and anthraquinonoid.



The vat dyes, especially anthraquinonoids, are
characterized by their high all-round fastness,

The anthraquinonoid vat dyes represent the highest
fastness to all sgencies so far available among the
synthetic dyes, and they sre therefore most valuable
dyes for cotton.

Many of the dyes are not marketed in the pure
form. The manufacturers and users of dyestuffs are
interested in products of stendard quality giving
reprocducible resulte in rpplication, rather thamn in
their chemical purity. Commercial dyes are therefore
standardized in shade, concentrastion and physiecal form.
Two types of impurities (substances other than the
main tinctorial constituent) occur in commercial
dyes: (1) by-products of the series of resctions
by which the dye is synthesized, snd (2) substances
added subsequently for standardization, Among the
latter may be one or more dyes added to the main
dyestuff for shading purposes.

Benzanthrone dyes constitute an extremely
important group which includes aome of the lastest
and most widely used dyes iz ths entire vat dye range.
Ever since their discovery, violunthrones (dibenzan-

thrones) and isoviolanthrones (isodibenzanthrones)



have been important dyes. The method first used
for the preparation of violanthrone consists in
the alkali fusion of benzanthrone, which is still
commercially important. In another method,
benzanthrone i{s first converted to 4,4'- or
3,3'-dibenzanthronyl, and the intermediate after
ring closure gives violanthrome (see Chart 1).

The alcoholic alkali fusion of 3-chloro-
benzanthrone rives isoviolanthrone, a violet dye,
the helogennted derivatives of which are brighter
and faster than the parent gquinone.

Most important of the violanthrone derivatives
are halogenated and nitrated derivatives, as well as
alkyl ethers of dihydroxyviolanthrone. Thus 16,17~
dimethoxyviolantarone (Calecon Jade Greenjg
CI 59825), one of the most important of this series,
is obtained by oxidaution of violanthrone with
manganese dloxide and sulphuric acid. The dihydroxy
derivative, after methylation in nitrobenzene or other
suitable medium with dimethyl sulphate or methyl
p-toluenesulphouate in presence of anhydrous potassium
cerbonate, gives 1G,17-dimethoxyviclanthrone, which
dyes bright and attractive bluish green shades with
excellent flstno:ol. Another commercial method of

preparation proceeds through 4,4'-dibenzanthronyl
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vhich after oxidation with manganese dioxide in
sulphuric acid gives 16,17-dihydroxyviolanthrone.

Brominated dimethoxyviolsnthrone (Indanthren
Brillisnt Green GG3 CI 59830) is obtained by
brominating dimethoxyviolanthrone in a mixture of
96% sulphuric acid and 24% oleum in presence of
sodium nitrite et 4o°, care being taken to avoid
aeaothylntlong.

The ethylene ether of 16,17-dihydroxy-
violanthrone (Indanthren Navy Blue G3 CI 71200) is
obtained by alkylating it with ethylene dibromide or
f-chloroethyl g-toluonolulphon-toa".

Applications of chromstography to synthetic
dyes have been limited in spite of its enormous scope.
The chief difficulty in carrying out chromatography of
dyes is the nonavailability of suitable solvents for
adsorption and elution. Vat dyes are insoluble in
vater and therefore water-soluble impurities can be
removed by washing with hot water, Non-vattable
fmpurities can be removed by vatting the dye, filtering
the vat solution and then reoxidising to the parent dye.
But during this process, vattable intermediates from
which the dye is prepared cannot be removed, and this
process cannot be employed for » mixture of vat dyes.

Poor solubility in organic solvents makes purification
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by either chromstography or crystallization

difficult, Most of the vat dyes are soluble in
concentrated sulphuric scid, not suitadble for
chromatography. However, methods involving fractionsl
crystallizetion by careful dilution of the sulphuric
scid solution vith water or alcohol have been
mentioned.

Conflicting statements have been made on the
separability of slksline vats on -lu-in-5'°'7. Alkaline
vat solutions have been chromatographed on bleached
sav-dust or disintegrated cotton columns vwhich wvere
then developed in the colours of the oxidised dyes
by means of potassium ferricyanide solution®, This
method 1s limited for the separation of dyes of
widely different substantivity to cellulose.

The chromatographic separation of the leuco
derivatives of vat dyes on cellulose has been
described by Rso n_u.s They vatted with agqueous
tetraethylenepentamine and sodium hydrosulphite,
and carried out the adsorption on a column of
cellulose powder, followed by dovolop‘ont with ajueous
tetraethylenepentasine containing a little sodium
hydrosulphite. One part of the organic solvent
and four parts of water were employed both for

adsorption and development, Separations of various



mixtures of vat dyes were effected, and »
relation between the substantivity of the leuco
derivstives for cellulose and their adsorbability
was observed.

It hes been claimed that a mixture of vat
dyes can be separated on an alumina column using
nitrobenzene as a oolvonts. but most vat dyes are
insoluble in nitrobenzene at room temperature. The
chromatographic separation of vat dyes at elevated
temperature hes been carried out by Unni and
Vonkatnranlngo Several model separations were
carried out in s quantitative mannerj but large
quantities could not be handled.

The elucidation of the structures of msny of
the commercially valuable vat dyes by the classical
organic methods imnvolves tedious experiments snd in
some cases leads to erroneous results. The chemical
method usually employed is degradation of the
molecule, usually by oxidation. Thus oxidation of
violanthrone (I) and 16,17-dimethoxyviolanthrone (IT)
with chromic acid and sulphuric scid gives 1,2,7,8-
diphthaloylphenanthraquinone (III), Further oxidation with
chromic scid and sulphuric ascid gives 2,2'-disnthra-
quinonyl-l,1'-dicarboxylic scid (IV), from vhich after
decardboxylation 2,2'-dianthraquinonyl (V) can be obtained
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(see Chart 2). The constitutiom of nitro-
violanthrone was studied by Umni n_n.m. They
obtained a pure nitroviolanthrone from the commercial
dye by carrying out chromatography at elevated
temperature, rgo- the anslysis of C, H and N it

vas found to be/mononitroviolanthrone., Oxidation

of pure mononitroviolanthrome (VI) with chromic scid
and sulphuric acid gave nitrogen-free 1,2,7,8-
diphthaloykhenanthraquinone (III), It was therefore
clear that the nitro group in mononitroviolanthrone

is in the 15- or 1l6-position. The reduction product
of the mononitroviolanthrone was found to be identicel
with an authentic sample of l6-aminoviolanthrone,
synthesised by slkali fusion of a2 mixture of
benzanthrone and 2-aminobenzanthrone and chromatographic
separation of the sixture of violenthrone, l6-amino-
violanthrone and 16,17-diaminoviolenthrone thus formed.
Thus the main constituent of nitrated violanthrone was
proved to be l8-nitroviolanthrone. -

Brominated 16,17-dimethoxyviolanthrone (Indanthren
Brillisant Green GG; CI 59830) is described in the
literaturetl as dibromo-16,17-dimethoxyviolanthrone;
but the commercisl dye does not analyse for two bromine

atoms per violsanthrone molecule. The product appenrs
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to be a mixture of mono- and didbromo Compounds.

The constitution of this product was examined by
sampatl2, Oxidatlon of the dye with chromic scid
snd sulphuric acid gave him a product containing
bromine, which ruled out the location of bromines

in 15 and 18 positions, Alkali fusion of the
oxidation product gave benzoic scid as one of the
products, It was sssumed that the bromine atoms vere
not replaced by hydrogen but by hydroxy groups during
alkali fusion, It was further assumed that the
bromine atoms were not located in the 1,2,3,4,11,
12,13 or 14 positions, and the steric factors ruled
out the 7 and B8-positions, leaving only the 6 and 9
positions, From the above evidence it was concluded
that the bromine atoms in didromo-16,17-dimethoxy-
violanthrone were probably in the 6 and 9-positioms.
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As most anthraquinonoid vat dyes are sparingly
soluble in organic solvents even a2t boiling temperature,
the purificastion by chromatography and crystsllization
is difficult, It was found that the reductive
methylation derivatives (methyl ethers of the leuco
compounds) of quinomes were much more soluble in orgsnic
solvents (such as benzene) than the parent quinones.
These derivatives have the additional value of being
amenable to thin layer and coluan chromatography, and
they can be very easily crystsllized from common organic
solvents., A convenient method for the isolation of
complex quinonoid vat dyes in pure foram thus becomes
available, because the reductive methylation products
are readily oxidizable to the parent quinonmes. Although,
the reductive methylation of auinones has been known in
the literature for many VOlrsiF?t has not been used as
s method of purification of polyecyclic gquinones such ss
the anthraquinonoid vot dyes.

The general procedure for obtaining the reductive
methylation product was to reduce the vat dyes with
aqueous sodium dithionite and sodium hydroxide at
60 - 70°. cool to room temperature (25 - 30°). and shake
the solution vigorously with dimethyl sulphate (about
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6 mols) for 30 minutes when the product senarnted,

In 8 second method, the calculated amount of hydrogen
was absorbed in a suspension of the quinone in a
mixture of dimethylacetamide and triethylamine in
presence of Adams platinum oxide catalyst, The

mixture was treated with sodium hydroxide solution

snd dimethyl sulphsate under stirring.when the reductive
methylated product separated.

Purification of violanthrone from commercislly
available violanthrone was carried out by the new
procedure. It was observed that violsnthrone under-
vent reductive methylation by shaking the slkaline vat
with dimethyl sulphate, whereas isoviolanthrone did
not react under the same conditions, It is known in
the literature that reductive methylation of
isoviolanthrone can be effected under drastic conditions
by boiling it in trichlorobensene with zinc dust,
sodiua carbonate and methyl g-toluono-ulphon-tola.
The reductive methylation product of violanthrone
obtained as above was crystallized from nitrobenzene,
in which i{soviolanthrone was sparingly soluble, The
parent violsnthrone was recovered by osrecipitation of
the reductive methylation product from sulphuric acid
at room temperature., Crystallization from nitrobenzene

finally yielded pure violanthrone.
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Similarly pure 18,17-dimethoxyviolanthrone
vas obtained by carrying out the reductive methylation
of commercial Caledon Jade Green (CI 59825). The
product was chromatographed on a short silica gel
column using benzene as solvent, when single red bend
vas eluted as a highly fluorescent red solution.
Conceatration gave pure 5,10,156,17-tetramethoxy-
violanthrens (VII)as fine red needles with a greenish
lustre. 19,17-Dimethoxyviolanthrone was obtained by
precipitation of the tetramethoxy compound from
concentrated sulphuric acid at rooa teaperaturs, followed
by crystallization from nitrobenzens. Under prescribed
conditions, there was no dezethylation of the
16,17-methoxyl groups,

An important part of the present work is the
application of NMR spectroscopy for investigsting
structursl (and especinlly orientaticn) problems
concerning violanthrone derivatives, The orientation
of bromine atoms in brominated 16,17-dimethoxy-
violanthrone (Indanthren: Brilliant Oreen GO,

CI 59830) was first studind.

Reductive methylation of the commercial dye
wvas carried out as mentioned earlier. TLC of the
product on silies gel (solvent mcetone-hexane, 15:85)

showve! two spots, one major, having very close 'if values.
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The faster moving nsjor component was obtained in

pure form by passing the mixturs through a short
column of silica gzl, using chloroform as solvent,
followed by rspeated crystallization from chloroformj
analysis indicated that it was a dibromo

derivative (VIII). Several other violanthrone
derivatives were reductively methyleted and purified

by chromatography. The NMR spectra of all the products
were obtained at 60 Mc in tetramethyl ures, using TMS
as an internal reference. The spectra were fairly

well resolved and they could be readily snalysed with
the quelitiative use of sinple notions of ring currents.
In addition to the large T -elsctron rings that may be
considered for these systems, benzenoid ring currents
may be expected for several rings and phenanthrene-type

character may be expected for the ring systems ABC, DEF
and GHI.




15

In the spectrua of 5,10,16,17-tetramethoxy-
violanthrene VII (Fig., 1) the two-proton singlet
absorption nt 1,27° was readily assigned to the
C(15) and C(18) protons. Since the ring system D=F
is a phenanthrene type of unit the C(7) and C(8)
protons may be expected to absord at lower field than
the C(8) »nd C(9) protons. In phensnthrene
the 4- and S-protons are observed ss a sultiplet at
1.3y the singlet absorption at 2,28 1s due to the
9- and 10-protoms, and the reasining protons appear
&8s 2 multiplet centred at 2.3, The pair of doublets
in the spectrua of (VII) (J = 9 ¢ps) at 1,08 and 1.62
can therefore be assigned to the 7,8-protons and
6,9-protons respectively,

The methoxyl groups in the 5- and 10-positions
vill deshield the protons at 6 and 9, In anthracene
the «-protons appeer at 2.09; but in 9,10-dimethoxy-
anthracene (the reductive methylation product of
snthraquinons), the corresponding protons appear at
1.68 (Fig. 2) decause of the deshielding !nfluence
of the methoxyl groups om the veri- protens as in
l-zethoxynaphthalene. The assignments for the three
multiplet absorptions, representing the four spin
systeas of the terminal rings A and I, indicated in
“Chemical shifts on the Y scale
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Table 1 and Fig. 1, follow from the same considerations
since ABC and GHI are phensanthrene-type units., The
protons at C(1l) and C(14) may be expected to absord

st lower field than other protons of the violanthrene
molecule., The complex multiplet at 0,68 may therefore
be assigned to the protons at C(l) snd C(14). The
multiplet representing the C(4) and C(1ll) protoms,
vhich sppears tc have the same shape as the one
representing the C(1) end C(14) protons, is barely
resolved on the left side from the singlet sbsorption
of the C(15) and C(18) protoms, and on the right side
it overlaps with the low field part of the doublet due
to the C(6) »nd C(9?) protons., The absorptions of the
c(2), c(3), c(12) and C(13) protons, wvhich do not

come under the specisl influences mentioned above, =re
naturslly expected =t the highest field in the aromatic
region., The multiplet at 2,15 can therefore be
assigned to those protons. Two sianglets at 8.53 and
5,77 are due to four methoxyl groups, each representing
two methoxyls, Becsuse of the steric influence
methoxyls st C(18) and C(17) positions are expected

to absorb 2t lover field than the C(5) =nd C(10)
methoxyly, The singlets 2t 5,53 and 5,77 can therefore
be assigned to the former snd latter pair of methoxyls

respectively, wvhich also agreed with the values
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obtained for the C(6) and C(10) methoxyls in
other 5,10-dimethoxyviolanthrenes (see Table 1).
The only changes seen in the spectrum of
the dibromo compound (VIII) (Fig. 3) in comparison
with (VII) are that (a) the two-proton multiplet

at the lowest field has changed into a doublet

(J = 9 eps), and (b) the four-proton multiplet at
highest field in (VII) 4s replecedidy a dbroad
two-proton doublet (J = 9 cps) indiceting meta as well
as ortho coupling. In other features the two spectra
are identicel. Since the signal for the protons at
C(1) and C(14) show 2rtho coupling (J = © ops) and
there is a decrease in the numbder of protons in the
high-field part of the sromatic region, it is clear
thet the bromine atoms in (VIII) are in the 3- and
12-positions.
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The chemical shifts of the protons in the
reductive methylation products of some violanthrone
derivatives are given in Table 1. The spectrum of
5,10-dimethoxy~16,17-ethylenedioxyviolanthrene (IX)
(Fig. 4) shows a singlet absorption due to the
15 and 18-protons at 0,85, Twvo ortho-coupling
doublets due to 7,8 and 5,9 protons are observed at
0.97 and 1,53 resnectively. Two multiplets at 0,67
and 2,08 con be assigned to the 1,14 and 2,3,12,13
protons respectively, The multiplet due to the
4 and 11 protons overlaps with the lov-field part of
the doublet due to the 6 apd ? protons sand on the
left side with the high-fielid part of the doublet
due to the 7 and 8 protons., The singlet absorption
at 5.72 corresponds to the methoxyl in the 5 and
10-positions. The absorpticn of Lhe methylene protons
{3 observed 2s a singlet at 4.856. The singlet
absorption due to the 15 and 138 protons ia the
spectrun of 5,10-dimethoxy-16,17-putylensdioxy-
viclentiirene (X) (Fig. 5) was observed at 1.1, and
the abascrption due to the methylene protous appesred
a3 a broad triplet at 4.85, In other features the
spectrum vwas ideunticual with the gpectrua of
5,10-diuethoxy-16,17-ethylenedioxyviolsnthrene (IX),
The spectrum of 5,10-dimethoxy~16,17-cimethyl-
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vbolanthrens (XI) (Fig. 6) in tetramethyl ures

wns dmilar to that of compound (IX)j but in pyridine
1t showed a singlet nbsorption at 6,85 due to the
methyl groups in the 16- and 17-positions, the
chemical shift of which is lower than expected for
C-methyl group in aromatic compounds. WMR spectrum
of 5,10,16,17-tetraethoxyviolanthrene (XIT) vas
identical with the spectrum of tetramsthoxy

compound (VII).

It can be seen from Table 1 that the chemical
shift of the protons at C(15) snd C(18), which appears
as a singlet, varies substantially with changes in
the substitution in the 16- and l7-positions of
violanthrene, even when the substituents are closely
related as in the methyl, ethylene and butylene ethers.
In the spectrum of 5,10,16,17-tetramethoxyviolanthrene,
the protons at C(15) and C(18) absord at 1.273 in
5,10-dimethoxy-16,17-dimethylviolanthrene the
corresponding signal appesrs at 0,78, = paramagnetic
shift larger than that observed in the neighbouring
aromatic protons of anisole snd toluene. Attention
has already been drawn to the appearance of the
methyl singlet in a lower field than the methyl
signal in tolueme. From this it csn be inferred

that the effect of methyl groups on the adjacent
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protons is insignificant as compared to that of
methoxyl groups, probably because the methyl groups
show strong steric repulsion and are pushed out of
the mean molecular plane. These observations are
in accordance with the known fact that the methyl
groups at 4 and S-positions in phenanthrene are out
of plane with the rest of the molecule. The effect
of 16,17-methoxyl groups on the adjacent protons
Suggests that they are nearly planar with the
violanthrene molecule,

Reductive methylation product of violanthrone
obtained as described earlier wes not soluble enough
in the solvents suitable for NMR spectrum. NMR
spectrum of violanthrone or its reductive methylation
derivative was mainly important to locste the line
position of 16« and 17-protons, Some =more reductive
derivatives of violanthrone e.g. reductive ethylation,
reductive acetylation, reductive pivilylation were
prepared,

Although the results obtained so far are
adequate to show the value of NMR spectroscopy in the
investigation of structural problems concerning
anthraquinonoid vat dyes, one direction in which
progress has to be made before undertaking more

elaborate studies on other dyes of this type is to



find derivatives more soluble than the reductive
methylation products in solvents suitable for
NMR spectroscopy.

Reductive mcetylation of violanthrone carried
out by the usual method of refluxing the quinone
with acetic anhydride and pyridine in presence of
zZinc dust geve a very poor yield. Two improved methods
wvere then developed., The =2¢id vat of violsnthrone
(5,10-dihydroxyviolanthrene), refluxed with acetic
anhydride and pyridine in presence of a small quentity
of zinc dust, gave a quantitative yleld of the
discetate, This was nlso obtained vhen the calculated
smount of hydrogen (1l mol® ) was absorbed in a
suspension of the dye in dimethylacetamide and
triethylamine solvent in presence of Adams catalyst,
and the mixture a2fter decantation from the catalyst,
vas refluxed with acetyl chloride in pyridine.
Similarly, the trimethylecetyl (pivelyl) ether of
5,10-dihydroxyviolanthrene was prepared by using
pivalyl chloride insteand of acetyl chloride.
Unsuccessful atteapts were then made to prepare henzyl
and trityl ethers of 5,10-dihydroxyviolanthrene. The
piyalate was much more soludble in arsenic trichloride
than the other derivatives, but the NMR spectrum could
not be obtained,



Since no derivative of violanthrone with
adequate solubility for NMR spectroscopy has yet
been obtained, the benzyl and trityl ethers of
anthrahydroquinone were prepared and they wvere found
to be much more soluble than methyl ether. Their
NMR spectra have been deterained and are tabula ted
(Table 2).

Iable 2
Compound Solvent «-protons PR-protons Other groups
Anthraquinone DMSO 1.78 2,03 -
(m (m)
9,10-Dimethoxy cnc13 1.68 2,52 OMe - 5.88
-anthracene (m) (m) (s)
Ditrityl ether
of 9,10-dihy-
droxyanthra-
cene 00013 1,70 2,26 Trityl - 2.7
(m) (m) (s)
Dibenzyl ether
of 9,10-dihy- Phenyl- 2.53
droxyanthracene CDCly 1.67 2,27 (m)
(m) (m) CHy, - 5,72

(s)

Attenpts are being made to prepare benzyl and

trityl ethers of leucoviolanthrone.



EXPERIMNENTAL

5,10-Dimethoxyviolanthrene

The commercial product Indanthren Dark
Blue BOA (2.0 g) was dissolved in concentrated
sulphuric ncid and precipitated by pouring on 1ice.

The precipitated product was filtered washed with
water free from acid. The wet cake was then
suspended in sodium hydroxide solution (5% solutiong
30 ml) at 60-70°, The vat was prepared by adding
sodium dithionite (3.0 g) under shaking. Dimethyl
sulphate (12 ml) was then added at room temperature
and shaking continued for half sn hour when red
coloured precipitate separated (excess alksli and
sodium dithionite were tested with phenolphthalein
and vat papers respectively). The red residue (2.1 g)
vas filtered, washed with water and dried.

After three crystallizations from nitrobenzene,
it gave chromatogzraphically homogeneous product, which
did not melt upto 360° (Found: C, 83.5: H, 4.5%.
c‘.,eﬂmo2 requires C, 58,9; H, 4.5%).

Reductive me ) "

Alkaline vat of jsoviolsnthrone (1 g) was
prepared as above. To the clear vat solution, dimethyl
sulphate (6 ml) was added and continued shaking at



o |

room tempersture for 30 minutes, No colour change was
observed, More of dimethyl sulphate and alkali was
added, snd shaken for further 30 minutes. The residue
was filtered, washed with water and dried. The
product showed reddish blue colouration with sodium
dithionite in alkali indicsting that the compound did
not undergo reductive methylation.

D 8 - "

Pure 5,10-dimethoxyviolanthrene (500 mg) was
dissolved in concentrated sulphuric acid (5 ml) under
stirring st room temperature and left for ten minutes.
The clear solution was then poured on ice (50 g). The
blue precipitate separated (450 mg) was filtered, washed
vith water and dried. It wss crystallized from
nitrobenzene to obtain pure violanthrone in blue needles.
$,10,16,17-Tetramethoxyviolanthrene (VII)

16,17-Dimethoxyviolanthrone (Caledon Jnde
Green; 5 g) was first dissolved ia concentrated sulphuric
ancid and precipitated by pouring on ice. The alkaline
vat of the wet cake free from acid wns prepared »s
described earlier. Dimethyl sulphate (25 ml) was added
to the solution under stirring. The red product then
separated (4.5 g) was filtered, washed with water and
dried. The product was then passed through a short

column of nlumina using benzene as a solvent when single
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red highly fluorescent band was eluted, The

solvent was removed and the product was crystallized
from benzene in red plates having green lustre,

2.p. 276-8° (dec.) (Found: C, 83,23 H, 4.6;

OMe, 20.6%. 0338800‘ requires C, 83,5; H, 4.83

OMe, 22.7%).

Selective demethylstion of 5,10,16,17-tetramethoxy~
violanthrene

Demethylation was carried out by dissolving the
product in concentrsted sulphuric escid at room
temperature and precipitating it by pouring on ice.

The compound obtained was crystallised from nitrobengene
in greenish blue needles, The IR spectrum of this
product is superposable with the spectrum of a pure
saaple of jesde green.,

3,12¢D - 2 1a

Indanthren Brilliant Green GG (2 g) free from
water solubles was reductively methylated ss described
earlier. The red residue (2.1 g) showed two spots
after two developaments on TLC plates (s!lics gel)
using hexanesacetone (85:15) as a solvent system, Both
the spots were alaost overlapping and therefore
preparative lsyer chromatography was not possible, The

compound was chromatographed over a short column of



silica gel using chloroform for development and
elution, The faster moving msjor band, on removal
of solvent separated as e red product, crystallized
from chloroform in red needles, m.p. above 360°, It
moved as a single spot on TILC (silica gel) using

the samu solvent system (Found: C, 64.4: H, 3.8

Br, 25,.4%, c38524043r2 requires C, 64,8; H, 3,43

Br, 22,7%).
5,10-Dimethoxy-16,17-ethylenedioxyviolanthrene (IX)

16,17-Ethylenedicxyviolanthrone (Indanthren
Navy Blue G 1.5 g) free from water and slcohol
solubles wes reduectively methylated ns described in
the earlier experiment. The crude red product (1.4 g)
vas passed through = short column of =ilica gel using
benzene as scolvent., The single red band was eluted,
The solvent was removed and product crystallised from
benzene in ohlnln;Z:oodlos, 2.D. 286-7° (dec.). The
compound showed single spot on TIC (=silice gzel) using
acétonethexane (2:8) rs a solvent eystem (Found:C, 84.1;
Hy, 4.7y OMe, 2.,9€ in g-cresol. c38"24°4 requires
C, 83.87 H, 4.43 OMe, 11,4%),

Methoxyl estimetion couvld not be carried out
in regular solvents (phenol snd propionic anhydride)
ns these compounds are insoluble in the medium.
o-¢cresol and propionic anhydride mixture has been



tried and found to be quite satisfactory. The
nuaber of methoxyl groups in these products has
bren confirmed from their NMR spectra.

3,10-bimethoxy-16,17-butylegedioxyviol-gthrene (X)

16,17-Butylenedi oxyviolanthrone (0.85 g,
supplied by BASF) free from water and alcohol soluble
iapurities was reductively methylated, The crude
red product (0.8 g) was passed through a short column
of alumine using benzene: acetone mixture (9:1)
for aevelopment snd elution. The single red band
wvas eluted ns a red fluoresent solution. The solvent
was removed and the product was crystallised from
benzene in red needles having green lustre with
@.p. 285-7° (dee.). (Found: C, 84.2; H, 5.2
OMe, 11.6% in g-cresol. °40528°4 requires C, 83,93
i, 4.9, OMe, 10.8%).
8,10-Dimethoxy-16,17-dimethylviolanthrene (XI)

16,17-Dimethylviolanthrone was prepsred by
alkalifusion of 2-.othy1bcnzanthrono}‘
16,17-Dimethylviolanthreone (0.5 g) was first
precipitated from concentrated sulphuric acid. The
wet cake free from acid was reductively methylated by
the method described above. The crude red product
(0.55 g) was passed through a short column of silica gel
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using benzene as solvent, vhen bright yellowish

red fluorescent band was eluted as red solution

vhich finally crystallised from benzene in red

plates, a.p. 2823° (dec.). The compound moves as a

single spot on TIC plate (silice gel) using acetone:

hexane (2:8) as a solvent system. (Found: C, 88,93

H, 5.1%. 03832802 requires T, 28,73 H, 5.1%).

5,10,16,17-Tetraethoxyviolanthrene (XIT)
16,17-Diethoxyviolanthrone (Atic Vat Jade

Green 3 B, supplied by Atic, 1.2 g) free from water

and alechol solubles was suspended in sodium hydroxide

solution (5% solution; 15 ml) and vat was prepared

wvith sodium dithionite (1.5 g). It was then treated

vith diethyl sulphate (3 ml) at room tempersture and

stirred for one hour, The red coloured precipitate

separated weas filtared, washed vith water free from

slkalil and dried., The residue (1 g) was passed through

a short column of alumina using benzene %3 solvemnt., The

single red bsnd was eluted as red solution which showed

yellow fluoresence under ultra violet light., The

product was crystallised from benzene and petroleum

ether mixtura ian red aicroscopic neadles, n.p.228-30° .

(Found: C, 83,7y H, 5.8 0C,tgs 29,37, c‘ana‘o‘ requires

C, 83,73 H, 5.7; OCpHg, 29.9%).
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5,10-piethoxyviolanthrene

Reductive ethylation of Indanthren Dark Blue
BOA (1,0 g) was carried out as described in the
previous experiment. The chccolate red precipitate
(1.08 g) obtained was orystallised from g-dichloro-
benzene in chocolate coloured needles, l.p.294-6°(doc.)
(Found: C, 86,83 H, 4.8%, c38528°2 renquires C, 88,73
i, 5.1%)
5,10-Dincetoxyviolanthrens

2) The commercial product Indanthren Dark 3lue
BOA (1.0 g) was fir:fayr;g&pitated from concentrated
sulphuric ncid. The/vat solution was ncidified with
acetic acid wvhen red coloured leuco compound separated
which was filtered at the pump, washed with acetic
acic first and then with acetic anhydride (care being
taken to avoid reoxidation).

The red residue was refluxed with acetic
anhycride (25 ml) in presence of pyridine (0.5 ml)
and zine dust (1.0 g) for two hours. The solution
after cooling poured on ice (250 g). The red
precipitate. (1.1 g) was filtered, washed with water
and dried and crystallized from nitrobenzene in red
needles, It did not melt upto 360° (Found:C, 83.5;
Hy 4.1%. CggHy,0, Tequires C, 84.13 H, 4.1%).



b) Violanthronme (0.18 g) was reduced with
hydrogen (1 mole) in dimethylacetamide (3 ml) and
triethylanmine (1.5 ml) in presence of platinum
oxide (5 mg). The mixture wes decanted from the
catalyst and trested with scetyl chloride (1 ml)
and refluxed for two hours. After cooling the
solution was poured on ice (100 g). The red coloured
precipitate (0,17 g) was filtered and crystallized
from nitrobenzene in red needles m.p. above 360°.

5 -d! n

The 5,10-dihydroxy-violanthrene was prepared
by absorbing 1 mole of hydrogen as described in the
previous experiment. Trimethylacetyl chloride (pivalyl
chloride) was used instead of acetyl chloride., The
product crystallized from g-dichlorobenzene in red
needles, It did not melt up to 360° (Found: c, 84,03
H, 5.6%, c‘ana‘o‘ requires C, 83,73 H, 5.6%).

Attempts to a 5 -di Xy -
violsnthrene

a) Violanthrone (182 mg) was reduced to dihydroxy-
violanthrene by hydrogen absorption method as mentioned
in the previous experiment. The resultant solution was
treated with trityl chloride (0.5 g) and lept on
shaker for 24 hrs, No colour change was observed,

The residue, separsted after pouring the above mixture



on water, shoved positive vat colouration,
indicnted that the compound hsc not undergone
reductive tritylation.

b) Violanthrome (0,5 g) was refluxed with
dimethylacetamide (25 ml), zine dust (0.5 g),
pyridine (2 ml) and trityl chloride (1.5 g) for
twvo hours. The cooled solution was poured on water,
The residue obtained showed violet colouration with
sodium hydroxide and sodium dithionite, indieating
thereby the failure of the resction,

An attempt to prepare dibenzyl ether of 5,10-dihydroxy
violanthrene

The mixture of violanthrone (0.5 g),
zinc dust (1 g), sodium carbonate (anhydrous; 1 g),
dimethylacetamide (15 ml) and pyridine was refluxed
for 15 minutes, Cooled it partislly and introduced
leukotrope W ( a quaternary smmonium salt of phenyl-
benzyldimethylammsonium chloride; 2 g) and refluxed
for two hours. The residue obtained after pouring
the amixture on water, gave positive vat colouration
with alksline sodium dithionite, indicates the presence
of starting materisal.
£,10-Digethoxyanthragene

Hydrogen (0.001 mole) wns absorbed in »
suspension of anthraquinone (0,208 gy 0.001 mole)
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in dimethylscetanide (3 ml) and triethylamine (3 ml)
in presence of platinum oxide catalyst (5 mg). The
reddish yellov solution decanted from the catalyst

in a flask containing sodium hydroxide solution

(6% solutionj 10 ml). To the red solution dimethyl
sulphate (2 ml) was added under vigorous stirring

and stirred for 1/2 hr at room temperature. The light
yellow precipitate (0.2 g) was filtered, washed with
vater and dried. The product was crystallized from
petroleum ether in light yellow plates with blue

15: m.p. 202°).
pitrityl ether of 9,10-dihvdroxyenthracene

Anthraquinone (0,083 g3 0.0004 mole) was reduced

fluoresence, m.p. 201° (11t.

to anthrahydroquinone by the method described earlier

in dimethylacetamide (1.5 ml) snd triethylamine (1.5 ml)
in presence of platinum oxide (5 mg). The mixture was
decanted from the catalyst and treated with trityl
chloride (0.667 g; 0.0024 mole) at room temperature.

The mixture was left on shaker for 24 hrs. The yellow
product separated after pouring the mixture on water
(0.68 g) was filtered and crystallized from petroleum
ether in 1light yellow needles m.p. 162° (Found:C, 89.2;
H, 6.1%, c,,naao, requires C, 89.9; i, 5.5%).



A mixture of dimethylescetamide (10 ml),
pyridine (1 ml), zinc dust (2 g), sodium carbonate
(anhydrous, 1 g) and anthraquinone (1 g) was
refluxed for fifteen minutes when colour of the
solution changed to red. To the partially cooled
solution, leukotrope W (2 g) was added and refluxed
for 2 hrs. The product was isolated by pouring the
mixture on water. It was crystallized from petroleum
ether in light yellow needles, m.p. 196-7?

(Founds C, 85.93 H, 5,0%. c,,lazoa requires C, 86,13
H, 5.6%).
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INTRODUCTION

Petroleum chemists were the first to realize
the use of mnss spectroscopy as an analytical tool
in organic cho-iatryl. Unlike aliphatic hydrocarbons
vhere bond fission occurs simultaneously at various
positions accompanied by extensive rearrangements
vhich are difficult to rationalise, the aromstic
hydrocsrbons give well defined spectra., In aromatic
compounds the initial ifonization can take place with
the loss of an electron from the 77 system and the
charge is stabilized by resonance.

The mass spectra of alkylbenzenes were
extensively studied by Meyerson and oovorkorla. The
most characteristic cleavage of alkylbenzenes is
B-cleavage resulting in the rupture of the
benzylically activated bond., Polyalkylated benzenes
decompose in the same manner to provide substituted
tropylium ions by ring expansion. Like bengzene,
biphenyl undergoes very little fragmentationj the
main product is the Csﬂ" ion (m/e 76) accompanied
by benzenej a smaller m/e 77 penk is nlso observed,
but it is not certain if it represents the doubly
charged moleculsr ion (Clzﬂlo") or the csﬂs' ionl.
Alkylated biphenyls and polyphenyls are similar in

their behaviour to alkylbenzenes,



Relatively little work has been done on
polyeyelic hydrocarbons, Unsubstituted aromatic
hydrocarbons such as naphthalene, chrysene and
pyrene show® only very little fragmentation. Loss
of acetylene is the msjor fragmentation mode., In
trans-15,16-dimethyl-18y16-dihydropyrene (1)4, the
only significant fragment, besides the molecular ion,

corresponds to the successive loss of two methyl groups.

The mass spectra of various quinones and

polyeyclic ketones have been studied by Beynon and

Hilll-nus. Loss of carbon monoxide has been shown

to be a preferred fragmentation mode in quinones.
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Using the vacuum spark mass spectrograph,
Hodgaon_g;_ll.c. studied the fragmentation of a
fev polycyclic aromatic hydrocarbons. Contrary to
previous reports that only atomic species can be
observed in the spark, they recorded ifons of masses
up to and above the molecular wveights and also
distinct groups of lines equal to the number of
carbon stoms in the molecule. Van Brunt and Hacks7
reported the ionization energies of some polynuclear
hydrocarbons and compared them with the values
obtained from molecular orbital calculations., Multiply
charged ions are characteristic of the mass spectra

of polynuclear aromatic hydroc-rbonls'9

10,11

and compounds
containing heterc stoms

The mass spectral fragmentation of dyes has
not been studied so far, probably becayse of the
aifficulty in handling them in the mass spectrometer.

The limited number of aliphatic methyl ethers
which have been studied'? show fission on both sides
of the oxygen to give ions having masses of 15 and 31
units less than the molecular weight. Fragmentation
of anisole occurs by fission of either C-0 bond to
give ions due to loss of a methyl radical or a

formaldehyde -oloculola.



2-Methoxynaphthalene +.© methyl-substituted
methoxynaphthalenes behave like the benzene analogues,
necessarily losing Cﬂa. CO and finally a hydrogen

noleculol.
PRESENT WORK

The mass spectum of 16,17-dimethoxyviolanthrone
(CI Vat green 1 ; CI 59825) (II) was recorded, althourh
the compound was not volatile enough to give a perfect
spectrum, a significant peak due to the moleculsr ion
vas observed at m/e 516, This symmetrical compound
fragments in a random way. Very insignificant fragments
due to loss of methyls from methoxyls were observed. No
peak due to loss of carbon monoxide or acetylene from
the molecular ion was significant, Doubly cherged ions
as wvell as singly charged ions due to the cleavage of
the molecule into two halves were absent,

By reductive methylstion of (II) 5,10,16,17-
tetramethoxyviolanthrene (III) was obtained (see Part I).
This compound was found to be more volatile than the
parent quinone. The molecular ion at m/e 546 (Fig., 1)
was very significant (76 per cent of the basé peak).
Two sets of peaks were observed, one corresponding to

the fragments formed directly from the molecular ion,
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and the other due to doubly charged fon= and/or singly
charged ions representing a breakdown of the molecule
into two halves. Thus the fragment at m/e 273 in the
spectrum of (III) can be due to a2 doubly and/or a
singly charged fon. The molecular ion loses two methyl
radicals successively from two methoxyl groups (peaks at
m/e 531 and 516), The direct loss of COCH, from the
@molecular fon (m/e 503; 76%), 1s followed by the loss
of methyl radical (m/e 4883 40%). The fragment at

m/e 438 can also arise by the loss of COCH, from the

(M - 083) fragment (see Chart I).

The symmetrical compound 5,10-dimethoxy-16,17-
dimethylviolanthrene (IV) (Fig. 2) also behaves in the
same way. The peak at m/e 257 in the spectrum can be
a doubly or singly charged ion. The molecular ion loses
four methyl radicals successively (fragments at =a/e 499,
484,469 and 454). No loss of coca, was observed either
from the molecular ion or the fragments.

Evidence of the fragmentation of compounds (ITI)
and (IV) into two halves was obtained from the nass
spectra of the unsymmetrical compounds 5,10,16-tri-
methoxyviolanthrene (V) and 5,10-dimethoxy-16-methyl-
violanthrene (VI). A fragment with mass 243 was
observed in both the spectra. Successive loss of three

methyl radicals from the molecular ion was observed
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in the spectrum of compound (VI) (Fig. 3). The
peak at m/e 243 in the spectrum of (VI) can be
either the isotopic peak of (M - CH.)®" or the

singly charged ion corresponding to one half of the
molecule formed by the cleavage of the molecule into
tvo halves, The intensity of the 243 peak (83,3% of
the peak at 242.5) was more than the expected

isotopic peak (40%) due to the doubly charged ion

(M - caa). The abundance of the peak at m/e 244 shows
that it is the isotopic peak of the singly charged ion
corresponding to ome half of the molecule, Thus the
molecule appears to cleave into two halves. The
fragment corresponding to the other half of the
molecule is not observed. This is probably due to: ),
fact that the odd-electron molecular ion fragments

into an ion with mass 243 and a free radical or neutral
molecule., Compound (V) also appears to cleave thto
two halves under electron {mpact. The peak at m/e 243
(see Table 1) may be due to the doubly charged (M - 30)
ion and/or the singly charged ion corresponding to one
half of the molecule, The peak at m/e 228 can only
arise by the loss of a methyl radical from the singly

charged ion corresponding to half of the molecule,
Since ther® is no peak at m/e 456, the fragment 228

cannot be a doubly charged ion. However, the pesk
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at m/e 228.5 corresponds to the doubly charged ion

of m/e 457 (M - 59). Hence the fragments 273 in
compound (III) and 257 in compound (IV) can be due
partly to the doubly charged fon nand partly to the
singly charged ion formed by symmetrical cleavage. The
successive loss of two methyl radicals from the
molecular ion in the spectrum of compound (V) was
observed, Direct loss of COCHy from the moleculsr

ion followed by the loss of methyl (peak st 473 and
458) was significant., The peak at m/e 458 can also
arise by the loss of COCHy from the (M - cna) fragment.
The doubly charged ions in all the spectra except (II)
were observed., Trepe were no triply charged ions.

The remarkable stability of the guinonoid
structure hns been shown to be the driving force for
the loss of methyl radicals from methoxyl groups in
aromatic compounds such as l.d-dilothoxybon:onol4,
which loses two methyl radicels and forms a stable
R-quinone ion. It has been found im the present work
that 9,10-dimethoxyanthracene (VII) (Fig. 4) loses two
methyl radicals to form anthragquinone wvhich then
fragments in the same way as anthraquinome.

The high mass region in the spectra of some

violanthrone derivatives is shown in Fig. 5. In the
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Spectra of all the derivatives except (II), peaks

are observed corresponding to the successive loss of

only two methyl radicals from the molecular ion.

Though compounds (VI) and (IV) lose three and four

methyl radicals, no loss of a third methyl was

observed in the case of the trimethoxy and tetra-

methoxy compounds (V) and (III). It appears that the

loss of a third methyl in (VI) and third snd fourth

methyl radicesls in the spectrum of (IV) is from

C-methyl groups. A comparison of these spectra therefore

showed that methyl radicsls are preferentially lost from

the methoxyl groups in the C-5 and C-10 positions, the

ariving force being $o the formation of the corresponding

violanthrone derivatives of great stability, The loss

of a formaldehyde molecule from a methoxyl group cannot

result in ss stable an ion as the quinonoid structure

formed by the loss of two methyl radicalsj hence the

former appears to be a less significant fragmentation mode.
The study of the fragmentation pattern of methyl

ethers of polynuclear hydrocarbons has been extended to

the confirmation of the monomeric nature of 16,17-ethylene-

dioxyviolanthrone (Indanthren Navy Blue G; CI 71200).
Indanthren Navy Blue G is prepared by the action

of ethylene dibromide or 2-chloroethyl p-toluene-



o
v &

sulphonste on 16,17-dihydroxyviolanthrone. The
dimeric structure (VII])was assigned to this dye

earlier!®, 1In the new Colour Index (1966) it is
formulated as the monomeric compound (./IX') with the
note, for wvhich no reference or reason is cited

that "the dimeric formula postulated for this dye is
believed to be incorrect”, Nair g;_gl%o have studied
this problem in the light of absorption spectra and
concluded that the compound is monomeric ( IX').

The monomeric nature of 16,17-ethylene-

dioxyviolanthrone has been established from the

mess spectrum of its reductive methylation product (X)
(Fig. 6). The moleculsr ion was observed at m/e 544,

It 1s evident from the previous discussion that doubly
charged ions sre very characteristic of these compounds.
If the compound is a dimer, = pesk at m/e 544.5, correspond-
ing to the doubly charged fon of M + 1 (1089) should

be observed, The absence of a peak at m/e 544.,5 rules
out the dimeric structure, The peak at m/e 545 (14,.6%
of base peak) appears to be the isotopic peak of the
molecular ion 544. Additionsl penks above n/e 544 are
to be expected if the compounhiius a dimeric structure,
The absence of such penks further supports the monomeric
nature of the compound., Successive loss of two methyl

radicals from the molecular ion is significant (peaks
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at m/e 529 and 514). The fragment of mass 484 can
erise by the direct loss of the ethylenedioxy group

or the loss of two formanldehyce molecules., The peak

at m/e 272 can be due to the doubly charged ion of

" or a singly charged ion formed by symmetrical
cleavage. The presence of the peaks at m/e 272.5 and
273 show that the peak at m/e 272 may be partly due to
the doubly charged ion and partly to the singly charged
fon. The doubly charged ions of M - CHg, M - 2 CHq
and (M - OCHpCH O) were observed in the spectrum,

The mass spectrum of the reductive methylation
product of 16,17-butylenedioxyviolanthrone (XI) was
recorded and compsred with the analogue from 16,17-ethylene-
dioxyviolanthrone. The molecular ion was observed at
m/e 572, It loses two methyl radicals successively.

The mess spectrum of benzanthrone has been
recorded by Beynon and w1111---°. who found that the
loss of carbon monoxide is a significant fragmentation
mode. The resulting fragment ion then loses two
hydrogen atoms foraing A nevw ring. The mass spectrum
of 2-methoxybenzanthrone (XII) (Fig. 7) wes recorded
in the present work for comparison with benzanthrone.
The molecular ion at m/e 260 and the corresponding doubly
charged fon at m/e 130 were observed, The presence

of a doudbly charged ion was confirmed by the






Of Baans 489 oy

{Zﬁ Bernve

‘-lt&ﬂlr; M

S-0%
051

1
-

>4




appearance of the associnted isotopic pesnk at

a/e 130.5. The molecular ion successively loses
formsldehyde (m/e 230), carbon monoxide (n/e 202),
snd two hydrogen atoms (m/e 200). The loss of
cocna directly from the molecular ion was observed
(peak at m/e 217), which further lLoses carbon
monoxide (m/e 189) snd two hydrogen atoms (n/e 187).

The mass spectra of 4,4'- and 3,3'-diben-
zanthronyls wvere then studied. 4,4'-Dibonz-nthrony1
(XI11) (Fig. 8) showed the molecular ion pesk at
a/e 458. Intensity meeosurements showed that the
fragment with mess 220 is partly due to » singly charged
fon and partly to a doubly charged ion. The molecular
ion loses one hydrogen ntom. This is followed by a
loss of csarbon momoxide giving rise toc the fraguent
at o/e 429, which then loses one more hydrogen and
cnrbon monoxide (m/e 428 and 400). Doubly charged ions
of mass 429 and 400 were observed. 3,3'-Dibenzanthronyl
(XIV) behaves exactly in the seme way 8s 4,4'-diben-

zanthronyl under electron impsct.
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I(%)
n/e
I(%)
n/e
I(%)
n/e
I(%)
n/e
I(%)
/e
I(%)

7.6
332
4.9

10.8
127
11.4

71.8

83
100

5.4
126
12.4
96
33.0
82
38.°9

10,3
149
20,56
125
19,0

55,1
81
s0.0

5.4
138
9.7
124
13.0

28.1

16.8

3.8
137
16.2
123

5.4

130

4.9

19.5

63.2

5.4

120

21.6

34.9

45.9




13.6

83.8
475

451

12

419

274

258.5

33.5

249.5
12

Iable 1 (continued)

Compound III
547 546
38 76
520 518
16 13
503
37.5 76
4838 487
&0 39.5
474 465
9.6 8
450 449
14 7
434 433
7 8
418 408
6 5
273.6 273
16 32
258 287
68 11,5
243 242.5
24 21

252
10.5

251.5

241

532 531
4 100
515 514
46 16.5
491 490
18 37.5
477 476
15 10
462 461
3 4
437 438
10 8
421 420
10 12
394 392
6 ]
265 259
16 7
251 250
22
237 2386.5



236
14

16
22l
15
215
11
21l

Iable 1 (continued)

Compound III (comtinued)

235.5
14
227.5
10
220.5
13
214.5
14
207.5

235
16

10

214

207

200.5

234
17

222.5

219

213
11

8 3

199

192

64

2290 228.5
12 11
222 221.5

8 12
218.5 218
6 6
212.5 212
10 14
205.5 205
17 24
198.5 198
2l 34
191.5 191
8 )



7.7
242
36.2
221
6.2
2l2.5
11.5

u

.

Iable 1 (continued)

40.8

6.2
257.5
16.9
235
10.8
220.5
9.2
2l2
23.8

Compound IV
514 501
92.3 11.5
471 470
4.6 18.5
233 282
4.6 6.2
257 256
43.9 6.2
234,65 234
20.0 8.5
220 219
18.6 59.2
211 210
11.5 6.2

4.0 100 7.7 22.3
469 455 454 453
53.1 6.9 10.0 14.6
281 279 263 262
25.4 8.5 5.4 254
250 249.5 243 242.5
9.2 16.9 6.9 15.4
228 227 226.5
6.9 12.3 8.5
218 217 213
17.7 21.5 10.8
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Iable 1 (continued)

Compound V
u/e 518 517 516 503 502 501 500 488
I1(%) 9.0 23.9 858.9 2.0 31.3 61,9 17.2 10,5
a/e 487 486 485 434 475 474 473 472

I1(%) 33.6 89.6 20,2 7.5 14,9 52,2 100 27.5
u/e 459 458 457 445 444 443 442 430
I(%) 6.0 22.4 52.2 2.0 23,9 11.9 16.0 14,9
a/e 429 428 427 415 414 413 412 408
I(%) 3.0 11,2 13.4 11.2 28.4 6.0 8.2 9.7

n/e 400 399 283 282 281 268 263 262
I(%) 6.0 13.4 6.7 2,0 26,8 8.2 7.5 19.4
n/e 258.5 258 251 250.5 250 244 243.5 243
I(%) 9.0 23,9 11.2 13.4 7.8 8.2 18.4 47.8
n/e 237 236.6 236 2290 228.5 228 222 221,58
I(%) 11.9 17,9 13.4 0.7 9.7 23,9 8.7 8.2
n/e 221 220 219 218 217 216 214,5 214

I(%) 11.9 16,4 52,2 18,7 23,7 10.8 11,9 28.4
n/e 213.5 213 212 206.5 206 205.5 204.5 202

I(%) 11.9 13.4 16,5 32.8 14,9 26.92 11l.2 12,7
n/e 201 200.5 200 199.5 199 1908 197 194

I(%) 10.5 16,0 55,2 18.7 44.8 17.9 8.2 14,9
a/e 193.5 193 192,5 192 191,56 101 189 187
I(%) 25.4 16.4 13,7 7.6 11.2 14,9 7.8 11,2
a/e 186 185 184 183 180 179 178 177
I(%)) 256.4 10.5 7.5 9.0 10.5 8.2 7.5 8.2




u/e 502
I(%) 5.9
n/e 472
I(%) 10.4
w/e 455
I(%) 20.0
m/e 250.5
I(%) 6.3
n/e 238
I1(%) 28.9
n/e 220
I(%) 6.3
m/e 211
I(%) 8.9
u/e 199
I(%) 9.6
n/e 164
I(%) 5.2
n/e 145
I(%) 4.4
/e 129
I(%) 8.7
n/e 117
I(%) 4.8
n/e 108
I1(%) 3.7

Iadle 1 (continued)

501 500 487 486
20.0 51.9 8.1 25.2

471 470 469 468
46.7 100 23,7 10.4
454 442 441 440
8.9 4.8 1l.1 12,6
250 244 243 242,65
16.3 2.2 8.3 11,1
234.6 228 227.5 227

6.7 6.7 E.8 8.1
219 218.5 217.5 213
8.9 5.9 5.2 8.1
207 206.5 206 205.5
33.3 25.2 24,1 29,6
198 187 186 183
7.0 3.7 7.4 3.7
161 158 157 149
3.7 3.7 4.4 5.2
144 143 142 141
3.7 3.7 3.7 6.2
128 123 122 121
5.2 §6.9 3.7 6.7
11§ 113 112 111
5.2 5.2 4.8 16,3
107 106 105

7.4 5.6 20.7

485
52.6
457
10.4
412
4.4
242
7.8
221
5.2
212.5
11.8
204.5
10.4
182
10.4
148
5.2
133
6.2
120
3.7
110
4.8

484
24.4
456
20.7
411
9.6
235.5
14.1
220.5
5.2
212
20.0
200
8.5
1685
5.2
147
5.2
131
4.8
119
4.4
109
5.9



Iable 1 (continued)

n/e 240
I(%) o0.82
n/e 221
1(%) 1.1
an/e 179
1(%) 1.0
n/e 1563
I(%) 2.2
n/e 111
I(%) 1.8
n/e 82
I1(%) 1.1

Compound VII
239 238
6.5 35.3
208 207
1.7 2.1
167 166
1.4 3.4
152 151

16.5 8.7
106 104
1.7 1.9

8l.5 7
1.0 1.2

1.6

1.2
165
7.8
150
1,7

9l
3.2

76
3.8

224
15.4
181
1.0
164
3.1
119.5
0.8
90
1.0

1.4

223

180
6.5
163
4.6
119
8.0
82.5
2.7
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Iable 1 (continued

Compound X
a/e 546 545 844 543 842 531
I(%) 5.4 14.6 25.4 6.2 2.7 5.4
n/e 530 520 523 527 516 515
I(%) 16,9 40.8 39,2 7.7 13.1 40,0
n/e 514 513 512 501 500 499
I(%) 100 33.1 9,2 12,3 20.2 6l.6
n/e 498 487 486 485 484 459
1(%) 29.2 6.9 10,8 21.6 36,2 10.8
a/e 458 457 444 443 431 430

I(%) 26,9 8.5 9.2 2.3 8.5 23.9
u/e 429 416 415 414 413 411
I(%) 6.9 5.4 14,6 6.9 6.2 6.9
a/e 402 400 387 385 383

5

I(%) 3.8 5.4 11.5 5.4 8,2 9,2
n/e 373 372 368 367 356 3585
(%) 3.1 6.2 6.2 7.7 3.1 7.7
n/e 341 339 313 a1l 309 308
I1(%) 5.4 7.7 6.4 6.9 3.8 9.2
n/e 285 284 283 282 28l 280
I(%) 8.2 8.2 7.7 5.4 14.6 4.6
n/e 273 272.86 272 271 265 264.5
1{%) 4.6 7.7 20,0 5.4 9.2 A
/e 264 262 258 257.5 257 256.5
(%) 20.0 6.9 10,0 13,9 47.7 6.2
n/e 256 250 249.5 249 244 243.5
1(%) 6.9 6.9 6.4 6.9 8.5 3.8
/e 243 242.5 242 239 237 236.5
I1(%) 9.2 4.6 13,1 10,8 10,0 11,5
n/e 236 230 229 2238.5 228 227
I1(%) 10.8 4.6 13,9 6.2 7.7 9.2
n/e 223 222 221.5 221 220 219
I(%) 6.2 10.8 6.9 12.3 6.9 8.5
n/e 215 214.5 214 213.5 213 212
I(%) 16,9 10,0 9.2 6.9 10.0 8.5
u/e 211

1(%3 15.4
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Iable 1 (continued)

Compound XI
n/e 574 573 572 571 570 559
I(%) 2.5 5.0 86,9 5.0 8.8 10,0
a/e 558 557 566 555 545 544
I(%) 14.4 5.8 8.8 7.8 6.3 14,1
n/e 543 542 541 540 520 519
I(%) 20,0 46,3 21.2 28.8 11,3 14,1
a/e 518 517 516 506 508 504
I(%) 28.8 43.8 77.5 5.0 18,3 12,8
n/e 503 502 501 491 490 489

Compound XII
u/e 262 261 260 231 230 219
1(%) 2.8 20.5 100 5.4 4.6 1.9
n/e 218 217 203 202 201 200
I1(%) 6.2 34.9 1.6 5.6 2.9 3.5
n/e 103 191 190 189 188 187
I(%) 2.5 3.8 2.4 1l4.° 4.6 6.8
u/e 133 130.5 130 101.5 101 100.5
I(%) 2.9 1.1 6.0 0,73 2.9 1.7
n/e 100 %€ 96 94.5 94 93,5

I(%) 4.1 5.2 0.7 4.4 2.5 2.2



u/e 460
I(%) 6.4
m/e 441
I(%) 7.4
n/e 399
1(3) 10.4
n/e 220.5
I(%) 6.0
n/e 206.56
I(%) 2.3
n/e 200
I1(%) 36.5
/e 4680
I(%) 7.4
n/e 446
1(%) 4.5
n/e 401
I(%) 2.4
n/e 229
I(%) 18.7
n/e 201.5
I(%) 17.4
u/e 188
I(%) 4.8

Table L1 (continued)

Compound XIII

459 468 457
34.8 100 50.4
430 429 428
8.7 22.6 9.9
398 397 396
3.1 7.8 1.6
229 218 2l4.5
17.4 3.8 6.6
206 205.5 201
2.4 3.7 3.4
199,6 196 1988.6
8.1 15.7 3.5
Compound XIV

459 458 457
3.6 100 29.0
442 441 430
2.3 85,56 6.5
400 399 398
17.4 2.6 5.6
215 214.5 208
5.2 8.4 3.9
201 200.5 200
40.3 9.4 22.3
187 114 113
6.1 18.7 4.5

2.4

1.7

14.4

19.7
230
2.6
207

14.8

199.5
3.6
112

561.5

447
1.6
428

10.0
229.5

7.9

4.5
199
7.7
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EXPERIMENTAL

5,10,16-Trimethoxyviolanthrene
Pure l6-methoxyviolanthrone was prepared by
the method describdbed by 8.nchoruvnlal7.
16-Methoxyviolanthrone (150 mg) was treated
with sodium hydroxide solution (2¢ solutionj 10 =ml)
and sodium dithionite (200 mg) et 60-70°, cooled to
room tempernture and trested with dimethyl sulphate
(2 ml), and stirred vigorously for half an hour. The
red product separated was filtered, washed with water and
dried (130 mg). The product showed two spots on TLC
over silica gel using acetone-petroleum ether (2:8)
8s a solvent system. By repeated crystallization from
benzene major product was obtsined in the pure form,
BePe 308-10° (deec.).
Ereparation of l€-gethvliviolanthrone

A melt of potassium hydroxide (8 g), sodium
hydroxide (2 g), sodium acetate (1 g) and naphthalene
(10 g) was prepared at 200° and a homogeneous mixture
of benzanthrone (1l g), 2-methylbenzanthrone (1 g) and
naphthalene (10 g) was added and raised the temperature
of the melt to 220-230° under stirring during 30 minutes

and maintained the same temperature for one hour., The
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colour of the melt changed from yellow to deep
blue. The melt was poured into water (400 ml).
Naphthalene was removed by steam-distillation. The
blue residue separated was filt-rod,vnshod with water
(1.4 g). The product (1 g) was chromatographed
on a column of alumina (2 x 30 cm) at 110° wvith
9-dichlorobenzene which eluted a yellow band giving
unconverted benzanthrone and 2-methylbenzanthrone.
Further development of the column was carried out
vith g-dichlorobenzene containing phenol (1%) to
elute greenish blue band giving = reddish blue
solution (500 ml) which on concentration gave blue
microscopic needles (300 mg) of 16,17-dimethyl-
violanthrone. The next bluish green band wvhich was
separated from the faster moving band by colourless
fraction (200 ml) was then eluted with! the same
solvent system (2.1 1) which on concentration pave
blue microscopic needles (250 mg) of l6-methyl-
violanthrone, The dark black band of violsnthrone
was strongly held at the top of the column and was
not eluted,
5,10-Digethoxv-16-methylviolanthrene

The reductive methylation of pure l6-methyl-
violanthrone (50 mg) was carried out as descrided in
the earlier experiment. The red product (40 mg)



Y

vas crystallized twice from benzene in red needles,
@.p. 310-12° (dec.).
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Benzanthrone 1s a very important dye
intermediate from which largely used vat dyes with
excellent nll-round fastness properties, such as
violanthrone (C.I. Vat Blue 203 C.I. 59800) and its
16,17-dimethoxy derivative (C.I. Vat Green lj
C.I. 59825), are prepared. There are very few
substituted benzanthrones which are used as dye
intermedistes, but a scrutiny of the patent literature
shows that many of them have potential vslue and
deserve to be investigated further. In this connection
the orientation of the substituents in a few benzanthrone
derivatives has nov been examined in terms of their
MR spectra.

The programme, of which the present work
represents a preliminary part, has acquired additional
interest in view of the fact that the NMR spectrum of
benzanthrone itself does not appear to hsve been
recorded so far. Benzanthrone and benzanthrene have
not been included in such recent studies as those of
Nnrtinl on numerous polycyeclic hydrocarbons and of
B-ttorbang on benzanthracene and its derivatives,

In the present work an attempt is mede to study
the products formed when benzanthrone condensation was
carried out on different alkyl substituted anthraquinones.
The NMR spectra of the products were obtained and the



Qo
o

substitution of the alkyl groups in the benzanthrone
has been discussed., Since the work described in this
part of the thesis 1s restricted to the NMR spectra of
s few benzanthrone derivatives, and does not represent
a study of substitution in benzanthrone, it has not
been considered necessary to review methods for the
synthesis of benzanthrone derivatives or the course of
electrophilic »nd nucleophilic substitution in
bonunthronoao

Benzsnthrone condensation on 2-methylanthrsquinone
wasg carried ont‘. The reaction product on erystallization
from benzene gave 4-methyl-benzanthrone, m.p. 198-9°.
Its constitution was confirmed by chromic acid
oxidation to give 2-methylanthraquinone-l-carboxylic
acid. The mother liquor after obtaining 4-methyl-
benzanthrone was chromatographed on an alumina column.
Three different yellow crystalline products were
obtained with m.ps. 110°, 159° snd 199°. The last two
were identified as 10-methyl and 4-methylbenzanthrones
respectively.

Benzanthrone condensation on 2-ethylanthragquinone
gave a product which found to be a mixture of three
compounds having very close Rf values. Faster moving
two components were isolated in pure forms by earrying

out PLC on silica gel using benzene-hexsne (l:1) as



solvent system. The major product (75%) obviously

be unknown 4-isomer, m.n. 147°. The NMR spectrus of
the other component when recorded showed to be a
mixture of at least two components, though it behaves
as single component on TLC.

When benzanthrone condensation was carried out
on 1,3-dimethyl and 2,3-dimethylanthraquinones, only
one dimethylbenzanthrone is obtained in each case.

The products were formulated as G,G-dilothyls and
4,5-dimethylbenzanthrones respectively and confirmed

by their NMR spectra. The m.p. of 9,10-dimethyl-
benzanthrone® prepared earlier from perinaphthen-7-one-
8-carboxylic acid on refluxing with 2,3-dimethyl-
1,3-butadiene in scetic acid was fdentical with the
@.p. of the product obtained from 2,3-dimethyl-
anthraquinone,

It was of interest to examine the products
formed by carrying out tlie benzanthrone condensation
on 2-t-butylanthraquinone becsuse of the possible steric
effect. The crude reasction product showed to be »
mixture of at least two compounds, one being major.

Two products were isolated by PLC over silica gel using
benzene-hexane (1:1) as solvent. The major product
(85%) was identified as 9-f-butylbenzanthrone and other
product though showed single spot on TLC found to be



& mixture of at least two components when
recorded im NMR spectrum,

The NMR spectra of benzanthrone and its
alkyl derivatives have been recorded in cncls except
4-methylbenzanthrone which is recorded in arsenic
trichloride., NMR spectrum of benzanthrone in
CDClg or As CI:5 represents an extremely complex
pattern (see Fig. 1) because of the aromatic protons
appearing in & very narrow range, Hovever, it can be

treated as a numbder of independent overlapping zones.

BENZANTHRONE

The protons of the ring A will give rise to
ABCD pattern, vhile the protons of the rings C and D
form typical ABC patterns. The protons at 1 and 11
of ABD ring sSystem may be expected to come under ring
current effects as {8 the case of similarly placed
protons of phenanthrene type system, {.e. proton 1l
would come under deshielding influences of ring
current influence of A and the proton at 11 of ring D.
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However, ring B is not aromatic, so that the ABD
gystem 18 not exactly of the phenanthrene type.
Similarly the protons at C(8) and C(8) are expected
to absorb at lower fields because of the proximity
of the carbonyl group. However, it is di ficult to
know which of these protons (1 and 11 or 6 and 8)
appear’'in the lowest field. The protons at positions
3 and 4 sre comparable to «-protons of naphthalene
type of ring system (C and D rings).

It is difficult to identify all pesks in the
NMR spectra of benzanthrone snd its derivatives. However,
it is possible for mosSt of the alkyl benzanthrone: to
fix exact position of substituents by a qualitative
evaluation of their NMR spectra, If ring C is
substituted, then ABC pattern of its absorption
disappears and gives rise to AB type of psttern which
i3 easy to locate becnuse of the associated intensity
changes. In the NMR spectrum of benzanthrone in
CD013. the lowest single proton gquarter centred at
1.33 (in AsCly it appears at 1.23) 1s replaced by
a doublet at 1.35 (J = 8 cps) in the spectrum of
4-methylbenzanthrone (Fig. 2). This absorption can
be assigned to the 6 proton. Further confirmstion
for this assignment wes obtained by examining the
spectra of 4-ethyl and 4,6-dimethylbenzanthrones,



6H
I_Ll
1 L 1

1-0 15 2:0 = 3-0 PPM (T)

FIG. 2.

NMR SPECTRUM OF 4-METHYLBENZANTHRONE IN AsCly.
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In 4-ethylbenzanthrone (Fig. 3) the 6-H appears
as & doublet at 1.38 (J = 8 cps) while in
4,6-dimethylbenzanthrone (Fig. 4) there {s no
sbsorption in this region., The dimethylbenzanthrone
obtained from 2,3-dimethylanthraquinone showed in
its NMR spectrum (Fig. 5) the absence of down field
sbsorption indicating the substitution of two methyl
groups in the ring C 2t 4 and S-positions. The singlet
at 1,67 can be assigned to the S-proton.

In the NMR spectrum of l0-methylbenzanthrone
(Fig. 6) the down-field quartet st 1.4 can be assigned
to the 6-proton. Further in its spectrum there is
no absorption between 1.5 and 1,8,while in the spectra
of benzanthrone snd its other derivatives substituted
in the ring C, the multiplet falling in this region
integrates for 2 to 3 protons. In benzeanthrone, the
protons ot 1,11,6 snd 8 are expected to absordb at
lover fields ns mentioned earlier. The lowest quartet
in benzanthrone has been 2ssigned with certainty to
the proton at 6-position. The other three protons
(1, 11 and 8) are falling in the region between
1.4 to 1.8. The multiplets at 1.5 in benzanthrone
and 1.55 in 4,5-dimethylbenzanthrone can be assigned
to the ll-proton by examining the NMR spectrum of
10-methylbenzanthrone (Fig. 6) in which this signal
appears at 1.9 as a broad signal showving geta coupling.
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By analogy, the next high field signal is possibly
the 1-H, followed by the 8-H.

In the gt-butylbenzanthrone (Fig. 7) obtained
from 2-f-butylanthraquinone, the quartet at 1,328 cen
be assigned to the 6-H, thereby showing the
substitution in A ring. The signal at 1,52 prodbabdbly
represents part of the doublet that may be expected
from the ll-H if the g~butyl group is at the 9-positiom.
2,10-pichlorobenzsnthrone

It has been mentioned in the literature that
9,10-dichlorobenzanthrone can be obtained from
8.3-d1chlor0lnthrtqu1nono7. In the present work
benzsnthrone condensation on 2,3-dichloroanthraquinone
was carried out to see if other isomer is formed, The
product obtained was exclusives single component and
was found to be same as 9,10-dichlorobenzanthrone from
its NMR spectrum. Thus in the spectrum of dichloro-
benzanthrone (Fig. 8) the quartet due to 6-H appears
at 1.35, showing that there is no substituent in
C ring. The singlet absorption integrating for two
protons appears at 1,62 which can be assigned to 8 and
11 protons, confirming therefore the two chlorine
atoms in 9 and 10-positions.
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Benzanthronequinoline

By treating 2-aminoanthraquinone with
glycerol and sulphuric acid, Ballys obtained
"benzanthronequinoline” which was formulated as
being probably a 5,68-pyridino derivative of
benzanthrone (I). The constitution of Bally's
benzanthronequinoline has been proved to be the
9,8-derivative (II) by a Skraup synthesis from

9-.-inobcnzanthronoo.

In the present work the NMR spectrum of the
compound, determined in arsenic trichloride, agrees
wvith the structure (II). Thus in the spectrua of
benzanthronequinoline (Fig. ®) the quartet at 1.3
vhich overlaps with the low field of the doublet, can
be assigned to the 6-H, showing thereby the
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substitution in ring A, The multiplet in the
downfield falling in the region 0.9 to 1.18 can be
assigned to the 2',3',4'-protons. The substitution
at 8,9-positions is confirmed by the doublet falling
{mmediately after the 6-H signal at 1,42 which ean
be assigned to ll-H which shows gortho coupling

(L = 7 cps). If the substitution had been at the
9,10-positions, the protons at C(8) and C(1l1l) would
have appenred as a singlet.

Be su d

Monosulphonation of benzanthrone gives mainly
the 9-sulphonic 2¢id and as a minor product the
3=-sulphonic ocidlo. the precise yields of the two
acids under a given set of conditions were not
described, and it i1s doubtful if either 2cid was obtained
in the pure state. 9-Sulphonic acid was shown to have
this structure by oxidation with chromic ncid to
6-sulphoanthraquinone-l-carboxylic acid and conversion
of the latter to 6-chloroanthraquinone-l-carboxylic
acid and 6-aminoanthraquinone-l-carboxylic aecid.
Sulphonation in the 3-position wns proved by heating
the sulphonyl chloride with xylene when a2 small quentity
of 3-chlorobenzanthrone was obtained, It was suggested
that the 3-acid was the primsry product wvhich rearranged
to the 9-sulphonic scid at high temperature. Sulphonation
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in tetrachloroethane with an equivalent anmount

of chlorosulphonic ncid gave chiefly the 3-sulphonic
noldn. which wvas confirmed by oxidation to anthra-
quinone-l-carboxylic scid and by conversion to
3-nitrobenzanthrone by the sction of nitric acid.

On further sulphonation both scids give the
3,9-disulphonie 2¢1dl011l, Toffe and Mel'teva'2
claimed that treatment of benzanthrone with 22%
oleus for 24 hours at 20° gave 81% «-sulphonic acid
and 19% P-1somer, but 96.5% sulphuric scid at 160-70°
for 8 hours gave 20% of «- and 80% of R-sulphonic acid.
It must be assumed that « and R referred to the

3- and 9-positions,

The orientation of substituents in benzanthrone
has so far been detected by tedious chemicel methods,
and the object of the present wvork wes to use NMR
spectra for the purpose.

Benzanthrone was sulphonated with oleum
(5% 805) under Pritchard and Simonsen's conditions .
Paper chromatography of the crude sodium sulphonate
using vater-methsnol-cyclohexanol (15:35:50) as the
solvent system showed two spots. Thin layer
chromatography on silica gel using the ssme solvent
System also showed two spots with very close Re values,

the development wvas slow and the separation was
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unsatisfactory. The crude sodium salt was then
converted into the methyl esters by heating it with
dimethyl sulphate at 160-70° for two hours. TILC of
the product shoved two spots by multiple development
with benzene on silica gel. Preparative layer
chromatography (PLC) was then carried out. Two esters
vere isoleted in pure form, both analysed for
monosulphonic scid esters. Two products characterized
ns methyl 3- and ©-benzanthronesulphonstes by NMR
spectra,

Sulphonstion of benzanthrone with 26. 5% sulphurie
ncid at 160-170° as described by Toffe and Mel'teval?
gave the 3- and 9-sulphonic scids in adout 25 and 65%
yields, as shown by conversion to the methyl esters
snd chromatographic analysis.

Benzenthrone on sulphonation with oleus .

(10% 804) gives mainly the 3,9-disulphonic acid,
fdentified by 1ts conversion into !ts methyl ester and
by NMR spectrum.

Chlorosulphonation of benzanthrone, vas earried
out with chlorosulphonic acid at 90-%°. The sulphonyl
chloride obtained when treated with methanol in
pyridine gave a poor yield of the methyl ester.
However, on trestment with dimethylamine, dimethyl
sulphonamide was formed. The product shoved three spots
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on TLC over silica gel using chloroform as solvent.
The two major components were obtained {n pure form
by carrying out preparative layer chromntographys
the major product (65%) was fdentified =s
9-sulphonamide and minor as 3-sulphonsmide from their
chromatographic behaviour and m.ps. and mixed m.ps.
on admixture with sulphonsmides obtained.from the
3- and 9-sulphonic acids. |

The NMR spectrs of benzenthrone 3- and 9-
sulphonic ncid methyl ester~ obtained in the present
study are consistent with their structures, Thus in
the spectrum of methyl benzanthrone-9-sulphonate
(Fig. 10) the downfield signsl at 1,08 is » doudblet
(L = 2 cps) and can be assigned to the 8-H, which
suffers a paramagnetic shift of more than 0.8 ppm
due to the sulpho group at 9-position of benzanthrone.
In the spectrum of N,N-dimethyl naphthalene-2-sulpho-
namide, the proton at C(l) shifts about 0.6 ppm
downfield, This sssignment is confirmed with the
sppearance of ll-proton as a doublet at 1.43
(L = 8.5 cps) shoving ortho coupling. The chemical
shift and multiplicity of the 6-H (quartet at 1.23)
are unaltered as compared to the spectrum of benzanthrone.
Similarly in methyl benzanthrone-3-sulphonate (Fig.ll)
the adjacent peri-proton (4-%) suffers a downfield
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shift of about 1.0 ppm and appears as a quartet

at 1.0 (adjncent peri-proton in NgN-dimethyl-
naphthalene-l-sulphonamide shifts by 1.0 ppa

in the downfield 2s compared to the naphthalene)

and the next quartet At 1,18 represents the proton

at 6. In the spectrum of benzsnthrone-3,9-disulphonic
acid methyl ester (Fig. 12) both the protons at

4 and 8 appear in the downfield coupsred to the rest
of the protons and can be located at 0.92 and 1.03
respectively.

The NMR spectra of two N,N-dimethylsulphonamides
are also comparable to benzanthronme 3- and P-sulphonic
scid methyl esters, oxcept that in the spectrus of
N,N-dimethyl benzanthrone-9-sulphonsmide (Fig. 13)
downfield signal due to 8-H appears at 1,17 (I = 2 cps)
and in 3-substituted derivative (Pig. 14) perj-proton
at 4 appears 0,18 ppm downfield than in benzanthrone-
3-sulphonic acid ester.
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EAPERINENTAL

Senzanthrone condensation of 2-ethylanthraguinone
2-Ethylanthraquinone (9.44 g) was dissolved
in sulphuric acid (98%; 120 g) under stirring,
vater (4.8 ml) was gradually added to bring the
temperature of the reaction mass to 38-40°, Copper
powder (5.78 g) was added in small lots at 33-42° in
1 1/2 hr, the reaction mixture was then kept betwveen
38-42° (internal temperature) until all copper
dissolved, this required about 3 hr, A solution of
glycerol (11 g) and water (11 ml) was slowly added in
the course of 30 minutes. The temperature of the
resction mass raised to 85-90°. The deep red reaction
mass was very carefully hested to 180° during 1 1/2 hr
and maintained at 118-20° for an additiomal 3 hr. The
dark reaction meass was poured into boiling water
(600 ml), boiled it for a short time and kept overnight.
A dull green residue (16 g) was filtered, washed with
vater and dried, The above crude product after
extraction with boiling benzene and concentration
gave yellowish brown needles, showed two msjor spots
on TIC over silica gel using benzene-hexane (l:l) ns
solvent system. Both the products wvere {solated as

single entities by corrying out multiple development
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on PLC over siliea gel using the some solvent system.
The major yellow product (75%) was
erystallized from methanol in yellow needles,
WP 147° and identified as 4-ethylbenzanthrone
(Found: ¢, 88,53 H, 5,8%, 01931‘0 requires C, 88.4;
H, 5.4%).
The other product (15%) after crystallization
from methanol showved single spot on TIC over siliecs
gel using the ssme solvent system, had m.p. 63°
(Found: C, 88.0; H, 5,.6%, c1°n14o requires C, 88,4;
H, 5.4%).
4.8-pigethylbenzanthrone
Benzanthrone condensation on 2,3-dimethyl-
anthraquinone (2.36 g) was carried out to yleld
yellowish green residue (2.8 g). The product was
crystallized from acetic scid in golden yellow needles,
behaved as » single component on TLC over silice gel
using benzene as solvent, had m.p. 188° (Pound: C, 88.7;

E, 50”0 CIOHI‘O r.quil": C, 88.‘; H. so“)-

4.8-Digethyibenzsnthrone
4,6-Dimethylbenzanthrone was obtained from

1,3-dimethylbenzanthrone. The crude yellow product

vas crystnllized from ncetic seid in yellow needles,

SePe 166° (Lit.lo B.Pe 168°). (Found: C, 88.43

H, 5.6%. 01981‘0 requires C, 88.4; H, 5.4%).
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Sulohonation of benzanthrope with 5% $0.

A mixture of benzenthrone (3.6 g) and
fuming sulphuric acid (5% 8033 36 g) was heated in
an oil-bath at 145-50° for two hours, cooled
partislly and poured on ice-water (100 g). Unchsnged
benzanthrone was removed by filtration and sodium
carbonate (100 g) edded with stirring at 96°. The
solution wes mesde upto 700 ml by sdding saturated
snlt solution, boiled and allowed to cool slowly,
The crystalline sodium seslt of sulphonic acid (45 g)
which separated was collected, washed with saturated
salt solution and dried,

The crude mixture was dissolved in dry
dimethylfornamide, filtered from the salt and the
sodium sulphonate was precipiteted by adding ether.
Filtered the yellow precipitate (3.0 g), washed with
ether and dried,

Benzagthrove-sulphonic ncid methyl ester

Uried sodium sulphonate free from sodium
chlorids (1.1 g) was heated for 3 hr, in an oil-bath
at 160-70° with dimethyl sulphate (5 ml). From time to
time msss was stirred, The sixture after cooling was
poured on ice-water, Filtered the greenish yellow
residue (1.0 g), vashed with water snd dried.
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The product which wvas a mixture of at
least two components was separated on PLC over
silica gel using benzene as developing solvent.

After three developments it separated into two
clear bands which were collected spearately. The
major component (70%) crystallized from benzene in
yellow needles, m.p. 216° (Found: C, 66.5; H, 3.6f%.
C18H12%43 requires C, 66.7; H, 3.7%).

The other product (about 25%) was crystallized
from benzene in bright yellow needles, m.p. 224°
(Found: C, 67.03 H, 4.2%. 0183120‘8 requires
C, 66,73 H, 3.7%).

N N~ vativ

Dry sodiua sulphonate (1 g) was treated with
thionyl chloride (20 ml) at room temperature, Dimethyl-
formamide (0.25 ml) was added vhen the temperature
raised to about 40-8°. The mixture was then heated
on water-bath for ome hour. Excess thionyl chloride
was reaoved under vacuum. The acid chloride thus
obteined was treated with dimethylamine (10 ml) at
rooa teampersture and kept the aixture on shaker for
12 hr. The residue (0.7 g) separated was filtered,
washed with water and dried. It showed three spots
on multiple development over silica gel plate using

chloroform as solvent. Major two components were
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separated on PLC using same solvent., Major

product was crystallized from benzene in yellow
needles, m.p. 218° and vas identified as

N,l-dimethyl benzanthrone-S-sulphonamide. The

other component crystallized from benzene in yellow
needles, m,p. 244° and vas 1dentified as 3-sulphonamide
derivative,

Sulphonstion of benzanthrone with 96,5% sulphuric scid

Benzanthrone (10 g) was hested vith sulphurie
acid (96.5%; 100g) to 170° 2ad kept between 160-70°
for 2 hr, under stirring. Cooled the aixture »nd
poured on ice-water (300 g). Unrea.ted benzanthrone
was ‘removed by filtration and filtrate Concentrated
to 200 ml, neutrslized with sodium carbonate and
salted out by adding saturated salt solution, Filtered
the sodium salt (135 g), wsshed with saturated salt
solution and dried. The crude product after dissolving
in dry dimethylformemide and precipitesting with ether
separate into yellow produet (15.0 g).

The above so’fuam salt (0.85 g) was converted
into methyl ester (0.7 g) dy the method described in
the previous experiment. The product showed two major
spots on TLC over silics gel using acetone-hexane
(26:75) as a solvent system. The major product after

gseparstion on PLC over si{lica gel uaing mcotome-hexsne
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(26:1756) ns solvent system after three developments,
vas crystallized from benzene in yollow needles,
B.p. 815°. undepressed on admixture with methyl
benzanthrone-9-sulphonate.

The other fraction wes found idemtical with

3-sulphonic scid ester.

Sulphopation of benzanthroge with 10% S04

The sulphonation of benzanthrone (10 g) with
fuming sulphuric acid (10% so,u 100 g) was carried out
as described in the earlier experiment between 165-70°
for two hours.

The dry sodium sulphonate was converted into
methyl ester by treatment with dimethyl sulphate.
The compound was obtained as single entity after
carrying out PLC on silica gel using scetone-benzene
(15:85) as solvent system. The compound crystallized
from benzene in yellow needles, m,p. 216° (Bound
C, 54,9 H, 3.9; 8, 15.8%, c1951‘0782 requires
C, 54.5; H, 3.43 8, 15.3%).
Shloregulphonation of benzanthrone

To chlorosulphonic acid (24.5 g), benzanthrone
(6.9 g) was added during 15 min. under stirring at
room temperature. The temperature slowly raised
to 96° and maintained between 90-96° for 3 hr. Cooled
the mixture and poured on fce. The yellow precipitate
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Separated was then immediately filtered, washed
with ice-cold water free from acid and dried
(901 ‘)o

Benzanthrone N N-digethylsulohonamide

Sulphonyl chloride (1.5 g) obtained in the
previous experiment wvas shaken wvith dimethylsmine
(40%f solution, 10 ml) for 24 hrs at room temperature,
Filtered the yellow residue (0.85 g), washed with
wvater and dried,

The product showed three spots on TLC over
silica gel using chloroform as solvent. Two major
components were isolated as single entities on PIC
using silica gel as an adsorbent and chloroform as
solvent,

The major product (65%) crystallized from
benzene in yellow needles, m.p. 218-800. undepressed
on admixture with N ,N-dimethyl benzanthrone-9-
sulphonamide (Found: C, 67.3; H, 4.6; 8, 10.0f%,
c1951503l8 requires C, 67.73 H, 4,67 5, 9.5%).

The other product (25%) after crystallization
from benzene separsted into bright yellow needles,
B.P. 346°. undepressed on adaixture with N,N-dimethyl
benzanthrone-3-sulphonsmide. (Found: C, 67.6%

Hy 4.7 8, 9.8%. C)gH, 0,53 requires C, 67.7;
H, 4.5; 8, 9.5%).
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INTRODPUCTION

Cibanone Orange R (Ciba, Mayer and
Schearschmidt, 1908)1 is a sulphurized vat dye
obtained by thiomation of Z2-methylanthraquinone or its
halogenated derivatives in wvhich chlorine or bromine
is substituted in the 1 or 3- positions or in the
methyl group. The intermediates cited in the patents
are: 2-methylanthraquinone, 2-chloromethylanthraquinone,
2-dichloromethylanthraquinone, l-chloro-2-chloromethyl-
anthraquinone, l-chloro-2-dichloromethylanthraquinone,
3-chloro-2-chloromethylanthraquinone, 3-chloro-2-
dichloromethylanthraquinone; a mixture containing
l-chloro-2-chloromethylanthraquinone and 3-chloro-
2-chloronethylanthraquinone; a mixture of mono and
dichloromethylanthraquinones.

The thionation procedure consists in heating
any one of the intermediastes with a large excess
(4-5 times by weight) of sulphur at high temperature
(betwveen 300-330°). The product dyes bright, attractive
shades with excellent fastness to chlorine (5); the
light fastness grade 1s sbout 6-7, However,the dye
has been withdrawn from the commercial range of
Cibanone colours becnuse of its tendering action on
cellulose vhen the dyed material is exposed to light.
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The tendering action is so powerful that even when
cotton dyed with a mixture of Cibanone Orange R and
Caledon Jade Oreen, which has excellent light
fastness, is exposed to light, the green dye fades
rapidly. Cibanone Orange R has therefore been the
dye of choice for investigations on the catalytic
action of anthraguinonoid vat dyes in the degradation
of cellulose by light.

The constitution of Cibanone Orange R was first
studied by Flerz-David and GeeringZ, but a specific
structure for the dye was not formulated. Analyticsl
values obtained by them suggested the empirical
formula (clsnsogs)x. and Cibanone Orange R was regarded
as being related to Cibanone Yellow R (which is obtained
by thionation of sny of the intermediates mentioned
above at lowver temperature) in the same manner as
Primuline to dehydrothiotoluidine, Without citing any
evidence or reference, Morasn and Stonehi11® assigned

the structure (I) to Cibanone Orange R.
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Schaarschmidt and l.ovyoff‘ analysed
Cibanone Orange R crystallized from nitrobenzene
end found that the dye contained one atom of
sulphur per molecule of 2-methylanthraquinone., From
e study of oxidstion-reduction potentials, Atherton
and ‘hamr° showed that Cibanone Orange R contained
™o pairs of carbonyl gzroups =nd had molecular weight 513,
determined by catalytic reduction of the dye,
reoxidation of the leuco compound and determination of
the hydrogen peroxide formed. Shah® re-exsmined the
chemistry of Cibanone Orange R. The elementary anslysis
of Cibanone Orange R, after purification according to
Flerz-David, extraction with acetylene tetrachloride
and crystallization from nitrobenzene was in agreement
wvith the empirical formula 01556028. The acetylene
tetrachloride extract gave 10%f of Cibanone Yellow R
vhen chromstographed on alumines. 8o neither Fierz-David
and Geering nor Schaarschmidt »nd Lewyoff wvere dealing
wvith a homogenecus dye. Distillation of either
Cibanone Orange R or anthraflavone (II) with zine dust,
zinc chloride and sodium chloride (Clar reduction) gave

QO 000

I
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2-methylanthracene as one of the products and
oxidation of the dye with nitric ncid in scetic acid’
gave snthraquinone-2-carboxylic acid., Structure (I)
wag, therefore, considered improbable since it should
have led to l-methylanthracene =2nd anthrajuinone-l-
carboxylic acid together with 2-substituted products,
Structure (III), (IV) or (V) was therefore proposed.

The cheaistry of Cibanone Orange R vis further
investigated by lhnvnara. She prepared compounds (III)
and (IV) by thionmation of l-bromo-2-bromomethylsnthra-
quinone and 3-bromo-2-bromomethylanthraquinone
respectively and compared the products with purified
Cibanone Orange R. The constitution of the products (III)
and (IV) followed from the analogous formation of
dibenzthiophthene (VI) by thiomstion of g-chloro- or
g-bro-obonzylbronidoa. By comparing colour, crystnlline

nature, colour of the sulphuric scid solution, absorption

Swhp

I
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spectrum in sulphuric acid, colour of the vat,

and the shades obdtained on cotton of twice
erystallized Cibanone Orange R with compound (IIT)
and (IV), she assigned the structure (III) to the
main tinctorial constituent of Cibanone Orange R,

She tried to synthesise (IV) by condensation of
dibenzthiophthene (VI) with phthaliec anhydride in an
sluminium chloride- 3odium chloride melt, but the
product was found to be a mixture of several possible
isomers., An unsuccessful attempt was mede by her

to synthesize (IIT) and (IV) by the action of
phosphorus pentoxide and tetralin on diesrbdoxy-
dianthraquinonyl disulphides. Attempts to elucidate
the constitution of Cibanome Orange R by Raney nickel
desulphurisation and s2lkali fusion proved inconclusive.
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FRESENT WORK

In the present study the constitution of
Cibancne Orange R has been reinvestigated using NMR
and mass spectra.

The preliminary purification of the commercial
preduct was carried out according to Flerz-David's
exsustive extraction method, The product was further
purified by crystallizing thrice from g-dichlorobenzene.
The dye so obtained was found to be sparingly solubdble
in dimethylacetamide, tetramethylurea, snd arsenic
trichloride, and the NMR spectrum in one of these
solvents therefore could not be determined,

The reductive methylation product of Cibeanone
Orange R was prepared by treating the slkaline vat
with dimethyl sulphate at rooa temperature. The crude
product thus obtained showed four spots on silica gel
plates when developed with a mixture of ncetone-~
hexsne (2:8). The separation of these constituents
by preparative layer chromatography was unsuccessful,
probably because of reoxidation of the reductive
methylation product. However, the major fast-moving
compound was obtained by chromatographying the crude
mixture over a short column of silics gel, using

benzene for development and elution. The major yellow



123

fraction, after repeated crystallization from
benzene, was obtained in chromatographically
homogeneous form, m.p. 200-205°. The parent quinone
was regenerated by precipitating the reductive
methylation product from sulphuric acid. The product
80 obtained crystallized from nitrobenzene in orange
needles,

The reductive acetylation product of Cibanone
Orange R was obtained by refluxing a mixture of the
dye, acetic anhydride, zinc dust and pyridine. The
yellov product crystallized from chloroform in yellow
needles, m.p. 300-302°, It behaved as a homogeneous
compound when chromstographed on silica gel (TLC:
solvent benzene-acetone 9:1).

Cibanone Orsange R hus not enough solubility in
any suitable solvent to obtain the NMR spectrum,
However, the reductive methylstion and reductive
ascetylation products -are soluble in tetramethylurea
and arsenic trichloride respectively. Both the products
are also soluble in pyridine. The NMR spectrum of the
reductive methylation product in pyridine shows the
presence of two singlets of equal intensity at 5.78 and
5.84, assigned to four methoxyl groups. The spectrum
in tetramethylurea shows in the downfield region =

doublet (J = 1,6 cps) at 1,08, nssigned to an
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aromatic protoh or two equivalent aromstic protons
showing geta coupling. This type of signal is not
expected from any of the structures suggested
earlier for the dye. The other aromatic protons
appear in the reégion between 1,45 and 2,5, BSimilarly
the NMR spectrum of the reductive acetylation product
in arsenic trichloride shows the presence of the
downfield geta-coupled doublet at 1.47 (J = 1.5 cps).
This diamagnetic shift of 0.4 ppm, compared to the
similar signal in the reductive methylation product
i3 in accordsnce with the chemicnl shifts of the
“«-protons of the corresponding derivatives of
anthrahydroquinone. Thus the «-protons of the
reductive methylation produet of anthraquinone appesr
at 1.68, vhereas in the reductive acetylation product
they appear at 2,07. Taking the coupling constant
of 1.5 eops into aceount, it appears that the downfield
signal represents an «-proton of an enthraquinone unit
in which the 2-position is substituted snd the
3-position is free. HNone of the structures (III, IV
snd V) proposed so far for Cibsnone Orsnge R is in
accordance with the observed NMR spectrs of {ts
derivatives,

The msss spectrum of Cidsnone Orsnge R showed

the molecular ion at m/e 504, four mass units more
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than the required value for the structures
suggested earlier (III, IV and V). Based on the
elemental analysis and its molecular weight
obtained from the mass spectrum, the molecular
formula of the dye has been revised to caoﬂleo‘sz.
This i{s also in agreement with the mass spectral
molecular wveight of the reductive methylation
product (564) and of the reductive acetylation
product (676), The parent dye regenerated from the
reductive methylation product also showed the molecular
fon at m/e 504,

In the mass spectrum of the reductive
methylation product, the loss of five methyl radicsals
successively from the molecular ion was observed
(fragments at m/e 549, 534, 519, 504 and 489). The
loss of four methyl radicals from four methoxyl groups
can be accounted for, but the loss of the fifth
16 fragment cannot be explained as representing »
methyl redical, because there is no C-methyl group
in the compound »s shown by the NMR spectrum in
pyridine., This may be possible if there is some
drastic rearrangement in the molecule by which a
CH group picks up two hydrogen atoms. The fragment
at m/e 470 probably corresponds to the loss of aas
from the fragment at m/e 504.
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In the mass spectrum of the reductive
acetylation product, the molecular ion was observed
st /e 676 (4.1%), which loses four ket mes
(caa-c0)’ successively (fragments at w/e 634, 502,
650 and 508). The loss of sulphur from the fragment
508 1s shown by an intense peak at w/e 476 (57.1%).

From the data nowv obtained it_1s clear that
the cyclic structures proposed o-rliifiCibonono
Orange R have to be revised, The mass spectral and
NMR spectral evidence can be reconciled with twvo
structures (VII and VIII),

Structure (VIII) can be ruled out in view of
the behaviour of Cibanone Orange R as a vat dye and
its stability to fission at the 8=8 bond and
desulphurization by a variety of reagents, such as
mercuric chloride and mercuric oxido’, sodium
llll‘lllo. and hyirazine and potanssium hydroxide in
boiling diothyloocglycolll. Drastic treataent with
massive amounts of Raney nickel and aqueous sodium
hydroxide at bdoiling temperature effected
desulphurization, but the products have not yet
been identified., Structure (VII) finds some

support in the conversion of benzal dichloride to
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the trimer (IX) by the action of sodium aulphidom.
but further evidence must be obtained before

assigning a structure finally to Cibanone Orange R.

Ph
|
NQzS /S C\H
PhCHCIy —> Ph—CH >
\ /
e 8y
|
Ph

X

Several compounds containing the 1,3-dithia-
cyeclobutene ring system have been described in the
literaturel®, Examples sre the desaurins, such as (X)
from desoxybenzoinj structure (X), first suggested
by Kelber'®, has been confirmed by Yates and Moore
on the basis of chemical evidence and IR, UV and

NMR lpoctnw .



//*

S
CGH50C\ =C/ \C=C/C6H5

C
csug,/ \s/ \COC6H5

X




129

EXPERIMNENTAL

Reductive methylation of Cibanone Orange R

Cibanone Orange R (1,0 g) was dissolved in
concentrated sulphuric acid and precipitated dy
pouring on ice. The precipitated product filtered
at the pump, wvashed with water free from recid. The
alkaline vat was prepered by suspending vet cake in
sodine hydroxide solution (5f solution; 20 ml) at
60-70° =nd treating with sodiwm dithionite (1.5 g)
under shaking. Dimethyl sulphste (4 wml) wvas then
sdded at room temperature snd shaking ~ontinued for
belf an hour when yellow precinitate sersrated (excess
slknli and sodium dithionite wvere tested), The residue
(0.8 g) filtered, washed with water and dried, It was
then passed through 2 short column of silies gel using
benzene for development snd elution, The faster
moving major yellow band was collected vhich after
removal of solvent, crystallised from benzene in
yellow needles, m.p. 200-“" (Found1 C, 72.4%

i, 4,8: 8, 11.0%, C“I“O‘la requires C, 72.43 H, 5.0
8, 11.3%).
Demethylation of the reductive methylation product

Pure reductive methylation product of Cibdbanone

Orsnge R (100 mg) wvas dissolved {n concentrated sulphuric
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acid (3 ml) at room temperature under stirring snd
left for ten minutes. The clear solution was poured
on ice. The orange precipitate (70 mg) after filtration

and washing, crystallised from nitrobenzene in orange

needles.
Reductive acetylation of Cibanone Orange B

Cibanone Orange R (1,0 g) wvas refluxed with
acetic anhydride (20 ml) and pyridine (0.5 ml) in
presence of 2zinc dust (4,0 g) for 3 hours. The
resultant mixture poured om ice (100 g). The yellow
precipitate separated was filtered, washed with wvater
and dried (0.95 g). It was crystallised three times
from chloroform in bright yellow needles, n.p.300-302°.

Action of mercuric chloride and mercuric oxide on
Cibanone Orange R

Cibanone Orange R (0.45 g) were suspended in
methyl ethyl ketone (50 ml) and the solution heated
after addition of mercuric chloride (0.6 g), mercuric
oxide (1.0 g) and water (2 ml) to 55° under stirring
and maintained the temperature between 50-60° for 6 hr.
The hot solution was filtered (the filrate was light
yellow in colour). The residue gave positive sulphur
test and shoved similar dyeing properties and colouration
in sulphuric acid as Cibanone Orange R.
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Action of Na/Hg amalgam on Cibagone Orange R

Cibanone orangéi(l.o g) was suspended in
sodium hydroxide solution (2% solution; 75 ml). It
was heated to 96° in 2 slov stream of oxygen free
nitrogen., Na/Hg amalgem (2%; 20 g) was added and
heating continued for 2 hr. under nitrogen staosphere.
Filtered the residue, washed with water and dried.

The product found to be starting material,

A a - i resence

of alkal{

The mixture of Cibanone Orange R (3 g) ethylene-
glycol (50 ml), hydrazine (7 ml) and potassium
hydroxide (6 g) were heated to 120° and maintsined for
two hours. The temperature was then raised to 140°
and saintained for one more hour., The resultant
'nixtnro diluted with water, filtered the residue,
washed with water and dried, The product after
crystallisation from g-dichlorobenzene, was found to
be identical with Cibanone Orange R.

Raney nickel reduction of Cibanone Orange R

The dye (2.5 g), sodium hydroxide (3 g), Raney
nickel (26 g) and water (150 ml) were hested under
reflux for 8 hours under stirring. The suspension
was then scidified and filtered, The residue was
extracted three times with 50 ml portions of boiling
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chloroform. Total chloroform extract after
remsoval of the solvent gave m orange coloured
residue (1.0 g). It was then chromatographed
through alumina column using chloroform for
development and elution. Two fractions were
isolated. The major yellow component crystallised
from chloroform in orange needles, =.p. 290-60.
The second fraction crystallised from chloroform,
m.Pe 244-6°, Both the products could not be
identified,
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For the sake of brevity, the trivial word

"Indigosol™ is used in the present discussion for the

sodium sa

1ts of sulphuric esters of leuco derivatives

of vat dyoll. Examples are Indigosol 0 (I) and
Indigosol Blue IBC (V).

qe:

?SO3NQ

OSO3NG

CL
NH 0503NQ
Oe q

0503NQ

v

An obvious solution of the problem of separating

vat dyes, wvhich are very sparingly soluble in orgesnic

solvents, is to use them in the form of indigosols. The

procedures used so farare briefly reviewed and an improved

technique for the separation of indigosols using TLC s

described. The main purpose of the present work,

howvever,

is to use indigosols for the determination of
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NMR spectra as another approach for investigating
structural problems concerning vat dyes.

Ruggli snd Staublog. who used a column of
slumina and calcium carbomate, were the first to
carry out the chromatography of indigoscls. Kolsek,
Mlakar and Perpar separated indigosols by ascending
paper chromatography and the solvent systems
p-butenol-acetic acid-vater (4:1:6) and butanol-
pyridine-water (4:l:1l),

An elaborate study of the paper chromatography
of indigosols has been recently made by Sranok‘. He
used the descending technijue and the following solvent
systems:

8y = smsonia (25%)-methsnol-vater (1:12:3)y

8g - pyridine-isosayl alecohol-ansonia (28%)(1.3:111)
83 = methanol-acetic acid-water (4:l:l)

With the solvent system 81. the following relationships
vere established: " (1) In all instances it is obvious
that the chromatographic behaviour of the vat dyes
(parent dyes) is analogous, the size of the dye
molecule being of decisive influence., DOyes with »
simple structure possess the highest Re value, and this
decreases vith increasing size of the molecule as »
result of increasing dye adsorption., (2) Simpler
indigoid, thioindigoid and arylminoquinone dyes have
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8 higher Ry than the more complex anthraquinone

dyes. (3) Thioindigoid dyes have a higher Rg then
indolethionaphthene dyes and miscellaneous dyes.

(4) Symmetrical indigoid dyes ususlly have a higher
Re than asymmetrical dyes. (5) Dibenzanthrones have

8 higher Ry value than isodibenzanthrones. (6) In the
case of dyes with the same carbon skeleton, an
increase in the nuabdber of substituents, e.g. -CI,
-Br, -CHgy -0CHgy causes the Ry value to decrease”.

TIC of Indigosols on silica gel plates has been
carried out, The silica gel plates were prepared by
making a slurry wvith 2.5 aqueous sodium carbonate.
Iwo solvent systems are used for the sepsrations:

8‘) DMF -vater-isopropyl aleohol (l:1:8)y
38) DMF -ethanol-1isoamyl aleohol (1l:1:8)

Four indigosols of the indigoid type were
exsmined and they were found to separate with the solvent
system (8g), in which four of the six anthraquinonoid
vat dyes exsmined had very small Rp values. Solvent
system (S4) 1s found useful for the separation of
anthraquinonoid vat dyes.(gee Tanle 1).

NMR spectra of a few Indigosols as their sodium
salts have been determined i{n dimethylacetamide solutionm,
using tetramethylsilane as an internal reference. The

commercial Indigosols were dissolved in dry dimethyl-
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Rf Values of Indigosols
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Compound | Colour Index | Commercial '
No. No. nqm:m Parent dye L-g:_"" ": —
»’ |
Arlindone
101 y .
v Fidk Golden vndﬂ AR
IGK.
v 59106 Arlindone s | ! 0%
Golden Ye
IRK
(Br)2
vt pade L.S.E. of : =
Indanthren 3
Dark Blue
BOA
IX 59826 Arlindone 0 63
Green IB :
X AE L.S-E.of
Indanthren bk
Navy Blue G.
1

L.S. E.— Leuco Sulphuric

Ester
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acetumide, filtered and the spectra vere determined
without any prufication,

The NMR spectrum of Arlindone Blue 0 (I)*
(C.I., 73002) showed %o multiplets in the aromatic
region and a two-proton singlet in the lower part
field (Pig. 1). The singlet at - 1.83 can be assigned
to the NH protons. Becnuse of the deshielding effect
of sulphate on the neighbouring proton, thoAprotoun
at 4 end 4' are expected to absorb at lowver field than
the other aromatic protons. The multiplet at 2.22
can therefore be assigned to the 4,4'-protons. The
multiplet centred at 2.83 integrating for six protons
represeats the remaining protons (5,6,7,5',6',7').

In the spectrum of Arlindone Blue 04 B(II)
(C.I. 73086) the singlet due to the NH protons appears
et - 2.08. The geta coupling doublets at 2,05 and
2.5 (J = 2 cps) cen be assigned to the 4,4'- and
6,8'-protons respectively. The spectrum of Arlindone
Blue 04 G (III) (C.I. 73046)shows the singlet
absorption due to the NH protons at - 2,83, Two gortho-
coupling doublets appear in the aromatic region at 2,55
and 2,67 (J = 8.5 cps) vhich can be assigned to the

*Arlindone is the brand name for indigosols manufactured
by Messrs Arlabs Ltd.
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6,6'~ and 7,7'-protons respectively, confirming
the accepted structure for this bromochloroindigo.

Indigosol Blue IBC (C.I. 698263 the tetra-
sulphurie ester of leuco 3,3'-dichloroindsnthrone)
cannot be prepared directly from dichloreindanthrone
by the known methods. It is prepared from 2-chloro-
3-aminoanthraquinone by converting 1ts ncetyl derivative
into the disulphuric ester of the leuco co-pdund. wvhich
after oxidation with lead peroxide gives the desired
tetrasulphuric ester of the dy‘5'§. The commercial
product Arlindone Blue IBC (V) showed the typical
Aana psttern of the unsubstituted denzene rings in
the two snthraquinone nuclei and two singlets in the
lover region (Fig. 2). The lovest two-proton singlet
at 0,63 can be assigned to the NM protons. The sharp
singlet at 0,72 can be assigned to the 4,4'-protons.
The broesd multiplet centred at 1,22 and the second
multiplet at 2,22 can be assigned to the =~ and
B-protqgs of the unsubstituted benzene rings.

The problem of the orientation of two bromine
atoms in dibromodibenzopyrenequinone (CI Vat Orange 13
Indanthren Golden Yellow RK; C.I. 59106) was then
studied by using the NMR spectra of the Indigosols
from dibenzopyrenequinone (VI) snd the dibromo
derivative (VII),
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FIG. 2.

NMR SPECTRUM OF ARLINDONE BLUE IBC
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Indanthren Golden Yellow RK is prepsred by
the addition of bdromine to the ketone-sluminium
chloride melt at 150-55° during 20 hours7. The
halogonsted derivative dyes brighter shades with
inproved light fastness and soda-boil fastness.

Indanthrene Golden Yellow GK

Colour Index 1958 does not mention the position
of the bromine atoas in Vat Orange 1. Kuns made a
cereful study of the bromination of Indanthren Golden
Yellow CX (C.I. 59100), and showed the influence of
the conditions of the reaction on the orientation of
the bromine atoms which in turn affected the shade and
flltﬂO.'s. Halogenation in an organic solvent requires
a carrier, such as icdine, and the bromine atoms
enter the 2,9-positions, the shades are redder and

faster than those from the parent compound. Halogenation
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in chlorosulphonic acid in presence of iodine

proceeds similarly, but in oleum in the absence of

a carrier the 3,10-dibromo compound is formed, which

dyes more greenish and less fast shades., Halogenated

dibenzopyrenequinones can also be prepared by the

cyclisation of 3-benzoylbenzanthrones containing

halogen atoms in the benzene or benzanthrone rosiduoo’.
In the NMR spectrum of Arlindone Golden

Yellow T0K (V1) (leuco sulphuric ester of Indanthren

Golden Yellow CGK: C.I. 59101), two multiplets are

observed which are in a 2:1 retio, The «-protons

(1,6,8 and 13) adjacent to the sulphate groups are

expected to 2bsord in 2 low-ficld region. Since rings

ABC and DEF are phenanthrene units, the protons at

4,6 and 11,12 may also be expected to adbsord in a

lover field than the P-protons of normal anthracene units,
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The lowver multiplet centred at 0,88 can therefore

be assigned to these eipght protons (1,4,5,6,8,11,12
and 13). The second multiplet centred at 2.2
represents the remaining R-protons of the system
(2,3,9 and 10). The only change seen in the
spectrum of the dibromo derivative, Arlindone

Golden Yellow IRK (VII) in comparison with that of
(VI) 1s the decrease in the nmuaber of protons in the
high-rield region, vhich shows that the bromine
atoms have entered the 2,9 or 2,10-positions.
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EXPERIMNENTAL

Leugo sulphuric ester of Brilliant Indigo B

Chlorosulphonic acid (1 ml) was slowly added
to DMP (6 ml) between 0 - 5°. Brillisnt Indigo B
(1,0 g3 free from water and slcohol solubles)
was introduced to the mixture followed by copper
bronze (0.5 g). The temperature allowed to come to
20° and stirred it between 15-20° for 2 hrs. FPoured
the solution in water (40 al) containing sodium
hydroxide (4 g), filtered to remove copper bronze
and unreacted dye. DMF was removed by extraction with
benzene and ester was precipitated with saturated
salt solution,

Leuco sulphuric esters of Indanthren Dark Blue
BOA and Indanthren Navy Blue G were prepared as
described in the previous experiment.
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As stated by Vonkatlr--anl, dye manufacturers,
unlike the manufacturers of synthetic drugs are
reluctant to reveal the chemical constitution of their
products for reasons which are not easy to understand.
As part of a general programme of research on synthetic
dyes, work has been in progress in this laboratory to
determine the structures of new commercial dyes, specially
if nev structural problems and interesting synthetic
reactions are involved. In this connection, the
structure of Indanthren Red F3B, which dyes cotton
attractice bluish red shades with excellent fastness
properties, has been investigated, Colour Index 1956
mentions Indanthren Red F3B (Vet Red 31) snd Colour
Index Supplement 1963 mentions Caledon Brilliant Red
5B as equivalent to Vat Red 31; but the constitution hns
not been disclosed.

The present study of Indanthren Red F3B wvas
carried out on a sample kindly supplied by
Messrs Chika Ltd., Bombay.

The water-soluble matter from the commercial dye
wvas removed by repeated extraction with boiling water.
The product was then crystallized from nitrobenzeme in
red microscopic needles. A preliminary exsmination of
the dye showed the presence of nitrogen. Sulphur and

halogen were absent in the compound. Infra-red spectrum



recorded in nujol showved the charscteristic two
band absorption of free amino group and the band at
1665 cm~l due to free quinonoid group.

Reductive methylation of the dye was carried
out by treating slkaline vat solution with dimethyl
sulphate at room temperature under stirring as describded
in Part I. The product thus obtained after three
erystallizations from benzene gave chromatographically
homogeneous derivative, Infra-red spectrum of this
compound recorded in nujol (Fig. 1) showed no quinone
absorption, The free amino group is characteriszed by a
doublet of N-H bands at 3420 em™! and 3200 om”t. It is
also supported by the band at 1620 ca™ wvhich can be
assigned to amino group. The presence of oxadiazole
ringg has been characterized by the bands at 972 cm~l
and 1025 em™! due to the C-0 bond and a sharp band at
1540 ca~! due to the C=N valence vibration., Thus the
compound seems to be a 1,3,4-oxadiazole derivative
containing °n anthraquinone nucleus with free amino
group. Analysis for C,H and N of the reductive
methylated derivative agrees with the corresponding
reductive methylated derivative of bis (aminoanthra-
quinonyl)-1,3,4-oxadiazole.

The mass spectrum of the above reductive

methylated derivative was recorded. showved the molecular
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ion at m/e 572 which agrees with the reductive
methylated derivative of bis (aminosnthraquinonyl)-l,
3,4-oxadiazole.

Comprehensive study of oxadiszole shows that
1,3,4-oxadiazole derivative; can be obtained by
eyclising bis-hydrazides of general formula
R-CONH*HNCO-R' with vsrious dehydrating agents. The
general method of preparing bishydrazide is to react
scid chloride with hydrazine to obtsin a monohydrazide
wvhich after condensing with further molecular proportion
of mcid chloride gives bishydrazide, Cyclisation is
usually obtained by 80018. Pocls. g-touonolulphonlo
aeida. The ring closure reaction is preferadbly carried
out at temperatures from 160-75° in an inert organic
solvent., With relatively stable substituents
R or R' fuming sulphuric ncid‘, chlorosulphonic aeids.
and 80o/DMF® may be used, Cyelisation with thionyl
chloride in DMF at room temperature is also described’,
but the yleld of oxadiazoles obtained are about
45 per cent.

/

A method of manufncture of 2,5-bis (l-amino-
2-lnthrlqu1uonyl)-1.3.4-0:.41.:0108 comprises tresting
N,N'-bis (l-amino-2-anthraquinonyl carbomnyl) hydrazine
with 4% oleum at 95-100°. The bishydirazide mentioned

above is obtained from l-aminoanthraquinone-2-carbonyl
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chloride and hydrazine in nitrobenzene. The method

of preparation of the above dye is also doscribodg’lo
vhich consists in heating 3,4-phthaloylisotoic acid
anhydride with hydrazine in nitrobenzene, removing the
solvent and treating the product with 80018.

A series of new vat dyes having good fastness
properties and having one or more 1,3,4-oxadiazole
nuclei linked in 2 (or §5)- poition to a 2-anthraquinonyl
group snd in 6 (or 2)- position an alkyl, aryl or
substituted aryl groups are doscribodll. Thus 2-(p-
benzamidophenyl )=6-(l-amino-2-anthraquinonyl)
oxadiazole, dyes cotton scarlet shades; 1,4-bis/2-
(2-amino-2-anthraquinonyl)-5-o0xadiszolyl/ butane, dyes
scerlet shades from a claret coloured vat, Similarly
some more red, yellowish red and scarlet dyes are
mentioned. The oxadiazole obtained from diacylhydrazide
of l-smino-4-nitro-2-anthraquinonecarbonyl chloride and
hydrazine hydrate, yields on reduction and acylation
wvith benzoyl chloride a product which dyes cotton
violet from a claret vatla.

Halogenated derivatives of 2,5-bis(l-amino-2-
anthraquinonyl)-1,3,4-oxadiazole have been doocribodla,
vhich have in at least one of the anthrajquinone radicals
in the 4 position a Cl or Br atom, are useful as vat dyes
for cotton and pigments for paints and lacquers.



In a paper published in 19681‘ it 1s
mentioned that anthraquinonyloxadiazoles "have
recently acquired importance as vat dyestuffs", and
tvo additional patents are citodls. Incidentally,

Klingsberg 4

made the interesting observation that

the reagtion of 2-anthraquinonecarbonyl chloride with
2 large excess of hydrazine gave an apparently
intractabdble product with a high indefinite m.p. and

2 lov nitrogen content; ester hydrazinolysis under
norual conditions was also discouraging, slthough both
l-amino- and 1,4-disminoanthraquinone-2-carboxylic
esters have been reported to resct normally with
hydrazine!®, Klingsberg them found that in the
absence of an organic solvent ethyl anthraquinone-2-
carboxylate wvas reduced rapidly by aqueous hydrazine
hydrate to the deep red hydroquinone, which was
converted to the hydrazide and oxidized to the desired
anthraquinone-2-carbonyl hydrazide.

The compound was further thougnt to be 1,3,4-
oxadiazole derivative linked in 2- and 5- positions to
probably l-smino-2-anthraquinonyl groups. 2,5-Bis
(l-amino-2-anthraquinonyl)-l1,3,4-oxadiazole wvas
therefore synthesized from l-aminoanthraquinone-2-
carboxylic acid.

l-Aninoanthraquinone-2-carboxylic aecid (7)) wos
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converted into carbonyl chloride by trestment with
thionyl chloride in nitrobenzeme in presence of
catalytic amount of dimethylformemide. Carbonyl
chloride (II) was trested with hydrdzine hydrate to
give bishydrazide (III) which was then cyclised
vith oleum to give 2,5-disubstituted 1,3,4-oxa-
diezole (IV).

The product analyses for caoﬂ 0N, which

16564
has same dyeing properties as that of the commercial

dye.

The synthetic product was reductively methylated
which shoved same chromatographic behaviour as that of
the reductive methylated derivative of commercial
product, had m.p. 280-2° undepressed on adaixture with
the reductive methylated derivative of commercial
product. Infrared spectrum was 2lso superposable (Fig.l)
vhich confirms that Indanthren Red F3B has a structure (IV).
The mass spectral fragmentation of reductive methylation
product (V) also ngrees with the proposed structure.

OCHg NHy %\ NH, OCHjz
0
SOOI OOO
\
N—*—-N
OCH5

278 ' 294
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The molecular ion loses four methyl radicals
successively from the methoxyl groups followed by
the loss of two carbon monoxide molecules (peaks
at 567,542,527,612,484 and 456; see Table 1), The
fragment at m/e 484 can arise by the loss of two
nitrogen atoms from the fragment at m/e 512, The
fragment at m/e 484 can also arise by the loss of
HCN (peak at m/e 485) followed by a loss of one
hydrogen., Similarly the fragment at m/e 484 loses one
more molecule of HCN (pesk at m/e 457) snd a hydrogen.
The compound bdbreaks as shown giving rise to two
fragments at m/e 204 (6.6 %) and 278 (20.4 %). The
fragment 278 loses two methyl radicals successively
followed by two carbon monoxide molecules (peaks at
n/e 263,248,220 and 192)., The fragmont 220 and 192 cen
also arise by the loss of HCN (peak at m/e 221) and
one hydirogen, followed by one more molecule of
HCN (peak at m/e 193) and a hydrogen.

The breaking of oxadiszole as above has been
supported by the mass spectrum of 2,5-bis (diphenyl)-l,
3,4-0xsdianzole (VI), showed the molecular ion at

\

\

A
c’\o\c
ny
N—4—N

103 19

- - -
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m/e 222, Very insignificant pesk at m/e 194 (0.5 %)
wvas observed due to the loss of two nitrogens from
the molecular ion. The compound breaks as shown
giving rise to the fragment at m/e 103 (7.5 %),
the fragment due to the other half is very insignificant.
The fragment at m/e 103 loses one nitrogen giving rise to
the pesk at w/e 89 (10.8 £). The fragment at m/e 77
(13,1 £) was observec due to the breaking of the
molecule at C-phenyl bond.

After this work was completed, a paper of
Otto Bayer entitled "Die Neuere Entwicklung der
Farbenchemie", published in Leverkusen in 1958
apparently for privete circulaticn, in which the
structure of Indanthren Red F3B is disclosed became
svailable.



Isble 1
u/e 574 573 572 571 570 589
I(%) 7.3 33.6 100 4.6 6.6 5.8
u/e 568 657 544 543 542 541
I(%) 13,6 22.8 5.0 19.2 61.6 13.6
n/e 540 520 528 527 6526 514
I(%) 6.9 6.0 18.8 46,2 8.8 2.8
n/e 513 512 511 499 498 497
I1(%) 9.2 17.3 6.9 2.3 6,6 6.5
n/e 485 484 4857 456 326 @ 325
1(%) 1.0 10 0,8 0.8 1.7 7.7
n/e 324 322 321 320 311 310
I(%) 1.7 1.7 1.8 3.2 1.1 4,0
n/e 309 308 307 306 306 304
I1(%) 1.2 2.8 2.7 4.4 4.7 2.
u/e 207 296 206 204 293 202
I(%) 1.7 8.1 4.0 6,6 5,1 6.0
n/e 291 2900 286,56 286 281 280
I(%) 7.7 3.8 4.6 10.8 10.8 20.8
a/e 279 278.6 278 277 276 271.5
I(%) 10.8 6.2 20,4 11,8 7.3 10.8
n/e 271 266 265 264 263.5 263
I(%) 32,7 0.9 10,0 39,2 15.4 31.9
n/e 262 261 256.6 286 252 @ 251

I(%) 15,0 6.2 4,5 8.1 85.2 11.2
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Iable 1 (continued)

/e 250 249 248 247 246 245
I(%) 50,0 18.6 31,86 7.3 4.3 4.8
u/e 243 242,656 242 239 238 237
I(%) 03* ‘We''nlg''es 7.9 10.0
n/e 236 235 234 223 222 @ 221
I(%) 7.9 1.8 9.6 6.2 6.9 4.6
u/e 220 219 209 208 207 206
I(%) 6.9 3.5 4.0 4,3 5.2 4.5
u/e 206 194 193 192 191 190
I(%) 3.6 1.9 38 4.6 3.8 4.6
n/e 181 180 17 178 177 176
I(%) 2.8 4.6 3.1 2.8 4.8 3.1
n/e 166 165 164 163 153 152
I(%) 3.1 6.2 6.9 3.4 4.1 5.0
n/e 151 150 140 139.8 139 138

I(%) 6.9 2.6 2.1 0.9 4.1 3.2
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EXAPEZRIMENTAL

Purification of Indanthren Red F3R

The commercisl ssmple was freed from
water-soluble impurities by washing it repeatedly with
boiling water which was then refluxed with nitrobenzene,
filtered hot, concentrated to the small volume and
cooled gradually snd kept overnight, vhen separated
into red microscopic needles.

Beductive methylation of Indspthren Red F38

The commercial dye (2.0 g) was suspended in
aqueous sodium hydroxide solution (5% solutionj 20 =l)
at GO-70° and prepared vat by adding sodium
hydrosulphite (2.5 g) under shaking. 7To the well
shaken vat at room temperature dimethyl sulphate (12.0 ml)
vas added and continued shaking for hslf an hour wvhen
bordeaux.  coloured vat changed to yellowish orange
snd orsnge precipitate separated., Excess alkali and
sodium hydrosulphite was tested. Filtered the residue,
vashed with water snd dried (1.5 g). Crystallized it
thrice from benszeme in red brown needles, =.p. 280-82°.
The product showed single spot on TLC over silica gel
using hexsneiacetone (8:2) as a developing solvent.
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(Founds C, 71.37 H, 4.9: N, 10,0%. °34“aa°5'4
requires C, 71.33 H, 4.9; N, 9.8%).

=1.3.4-0xadinzole (JV)

a) Preparation of bishvdrazide (IXI)

l-Aminoanthraquinone-2-carboxylic acid

(2.67 gy 0.01 mole) was suspended in dry nitrobenzene
(150 ml) at room temperature and thionyl chloride (4 ml)
snd four drops of dimethylformsmide were added, The
mixture was stirred st 70-80° for 4 hours. Excess
thionyl chloride was removed by passing dry air through
mixture for one hour between 90-960. To the resulting
solution was then added hydrazine hydrate (0.3 ml of
85% solutionj 0,005 mole) and stirred the mixture
between 70-80° for two hours, brought to reflux in
another two hours and msintaiped at reflux for two
more hours; cooled the reaction mixture to roonm
temperature and filt ered the red residue and dried
(2.0 gy 75.5 per cent of theory). The compound was
crystallized from nitrobengene in red needles, did not
melt upto 350°C (Found: C, 68.0; H, 3.4%. Caoll; g%
requires C, 67.93 H, 3.4%).

®) Ring closure of (III) with oleum to oxadinzole IV

Compound (III) (1.5 g) was dissolved in

oleum (20%; 35 ml) at room temperature under stirring
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and continued stirring for four hours at room
temperature. Poured the mixture on crushed ice
(600 g), filtered the red residue, washed vith
wveter free from acid and dried (1.3 gy 86%).
Crystallized the product from nitrobenzene in red
needles. (Found: C, 69.83 H, 3.2%, caollwosll‘
requires C, 70.33 H, 3.1%).

Reductive methylation of IV

Reductive methylation of (IV) (1.0 g) was
earried out 2s mentioned in esrlier experiment. The
product after crystallization from bengene, had
@.p. 282°, undepressed on sdmixture with the reductive
methylated derivative of commerci al Indsnthren
Red F3B.
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Part I - NMR spegtra of reductive methvlation products

a va

Becruse of the poor soludility of vat dyes
in organic solvents, purifiesation by crystnllization
or chromatography is difficult, A convenient method of
purification of violanthrone derivatives through their
reductive methylation products has been carried out.

In the elucidation of the structures of
polycyelic quinones such ns vat dyes, the use of NMR
spectroscopy is limited by their poor solubility in
organic solvents, However, i1t has been found that meny
violanthrone derivatives have, as their reductive
methylation products, adequate solubility in tetra-
methylurea. The reductive methylation products, from
vhich the parent quinones are ensily regenernted, nre
also useful for chrosatographic snalysis using solvents
such as benzene, By this technique, it has been
possible for instance to show that bromination of
16,17-dimethoxyviolanthrone gives the 3,12-dibromo-

gerivative,

Chemical shifts of the aromatic protons of
a series of 5,10,16,17-tetrasubstituted violanthrenes
have been determined and discussed. In the spectrum
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of 5,10,16,17-tetramethoxyviolanthrens (VII), the
singlet two-proton absorption at 1,27 was readily

assigned to the c(IS) and c(ls) protons. Since the

ring system DEF is a phenanthrene type of unit the

3(7) and c(a) protons may be expected to absorb at

lower field then the C(e) and 0(9) protons, and the pair
of doublets (J = 9 cps) at 1,08 and 1.62 can be assigned
to the former and latter respectively., The assignaments
for the three multiplet absorptions representing the
four spin systems of the terminal rings A and I follow
from the same considerations, since ABC and GHI are
phenanthrene type units., The multiplet representing

the C 4y and c(ll) protons, wvhich appears to have the
same shape as the one representing »s the c(l, rd
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and c(l‘) protons, is barely resolved on the right
side of the singlet absorption of the c(lﬁ) and

c(la) protons; and on the other side it overlaps with
the low-field part of the doublet due to C(g) #nd
0(9) protons, The absorption of the c(z). c(s).
c(lz) and °(1a) protons, which do not come under
special influences, are at the highest field (2.15).

The only change seen in the spectrum of the
reductive methylation product of dibromo-16,17-dimethoxy-
violanthrone (C.I. 598303 vat green 2) &s compsred to
that of (VII) is that the two-protom multiplet at lower
field has been changed into a doublet (J = 9 cps) and
that the four-proton multiplet at the highest field is
replaced by a two-proton quartet (J = © cpsy 2 ecps).

In other features the two spectra are identicsal, Since
the signals for the protons =2t c(l) and c(14) show
ortho coupling (J = 9 cops) and there is » decrease in
the numbdber of protons in the high-field band, it is
clear that the bromine substituents are at 3- and
12-positions,

Appreciable changes in chemical shift are
observed for the C(5) and C()1g) protons when the
methoxyl groups in the 16- and l7-positions are replaced
by the closely related ethylene-dioxy, butylenedioxy
and methyl groups.
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As reductive methylation product of
violanthrone had not enough solubility in solvents
suitable for NMR spectrum, reductive ethylation,
reductive scetylation, reductive pivalylgtion
derivatives were prepared, These derivatives also

vere not soluble enocugh for recording spectra.

Part II - Electron impact studies of some
Yiolagthrene derivatives

The mass spectra of 16,17-dimethoxyviolanthrone
and a few 5,10,16-17-tetrasudstituted derivatives
have been analysed, The spectrum of 5,10,16,17-tetra-
methoxyviolanthrene (III) shows a fragment corresponding
to half the molecule., By comparing the spectrum with
the spectra of the unsymmetrical compounds, 5,10,16-tri-
methoxyviolanthrene (V) and 5,10-dimethoxy-16-methyl-
violanthrene (VI), it has been shown that the above
fragment is partly due to a doubly charged ion snd partly
to the singly charged ion formed by symametrical cleavage.

A comparative study of §5,10-dimethoxyviolanthrenes
shows that from the molecular fon two methyl radiceals are
lost successively. 5,10-Dimethoxy-l6-methylviolsnthrene
and 5,10-dimethoxy~16,17-dimethylviolanthrene lose three
and four methyl radicalsy but no loss of a third methyl
vas observed in the case of the trimethoxy and tetra-
methoxy compounds (Vand IIT)., It has been confirmed



168

that the methyl radicals are preferentially lost
from the 5- and 10-positioms.

The monomeric nature of 16,17-ethylene-
dioxyviolanthrone has been established from the mass
spectrum of its reductive methylation product. The
mass spectra of 2-methoxybenzanthrone, 3,3'- and
4,4'-bibenzanthronyls have been determined and their
fragmentation modes have been discussed.

Part III - f th e deri

The NMR spectrum of benzanthrone, which does not
appear to have been recorded so far, has been determined
and attempts are msde to analyse it with the help of
some of its alkyl substituted derivatives, By comparison
of the spectra of substituted benzanthrones and
benzanthrone, the orientation of the substituents has
been determined. Thus dimethylbenzanthrone obtained
by the benzanthrone condensation on 2,3-dimethyl-
anthraquinone is 4,5-dimethylbenzanthrone. The
benzanthrone obtained from 2-t-butylanthraquinone is
9-t-dbutylbenzanthrone.

The action of oleum and chlorosulphonic acid
on benzanthrone has been studied. The products were
isolated as methyl sulphomates and N,N-dimethyl-
sulphonamides and charncterized as the 3 and 9-sulphonic



acid derivatives from their NMR spectra.

Fart IV - Constitution of Cibanone Orange R

None of the structures (III, IV and V)
proposed earlier for Cidbanone Orange R is in
sccordance with the observed NMR and mass spectra
of the reductive methylation and reductive
acetylation products. Structures (VII) and (VIII)
vere therefore considered for the dye . Structure (VIII)
was ruled out from its behaviour as a vat dye and
its stability to fission at the $=8 bond and
desulphurization by a variety of reszents.
Structure (VII) finds some support in the conversion
of benzaldichloride to the trimer (IX) by the action
of sodium sulphide, but further evidence must be
obtained bdefore assigning » structure finally to
Cidbanone Orange R.
Part V - NMR spectra of Indigosols

TLC behaviour on silica gel of a fev indigosols
of the indigoid and anthraquinonoid types has been
studied. The NMR spectra of a fev indigosols have
been determined and analysed as a method of

investigating structural problems cconcerning vat dyes,



Pert VI - Zonatitution of Indenthren Red F3B

The coanstitution of Indanthren Red F3B
(C.I. Vat Red 31) has been investiganted, The IR
spectrum of the purified dye showved the presence of
free amino and quinone groups, The IR spectrum of
its reductive methylation product showed the
characteristic bands of the oxadiazole ring syste-
(C-0 and C=hN bands). The mass spectrum of the
reductive amethylation product has shown that the dye
is 2,5-bis(i-amino-2-anthraquinonyl)-1,3,4-0xndinzole
vhich has been confirmed by synthesis.
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