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IN the course of work on the action of diazonium salts on citrinin it was
observed that 4-benzeneazoresorcinol was more strongly adsorbed on alumina
than 2 : 4 - or 4: 6-bisbenzeneazoresorcinol, and that 6-benzeneazo-4-methylresorcinol was more strongly adsorbed than 2-benzeneazo-4-methylresorcinol.1
These effects were ascribed to chelation between the azo and o-hydroxyl
groups, and the present paper records a more detailed study of the chromatographic behaviour of azophenols in relation to the number and position of
hydroxyl and azo groups.

Coupling of phenol
Bamberger showed in 1900 that when phenol is coupled in aIkaline solution with diazotized aniline the main product (about 99%) is p-hydroxyazobenzene (I), m . p . 154 °; the accompanying o-hydroxyazobenzene (II),
m.p. 82-5-83 °, was separated by steam distillation and further purification
through the copper salt.z The volatility in steam and the lower m.p. cf the
o-compound are due to chelation of the hydroxyl and azo groups. For the
same reason it is possible to separate the o- and p-isomers by chromatographic
adsorption on alumina. It may be assumed that the forces responsible for
the adsorption of azophenols on alumina are (a) hydrogen bonding between
hydroxyl in the azophenol and oxygen in alumina, (b) hydrogen bonding
between the hydroxyl or azo group in the azophenol and a hydroxyl group ili
alumina, and (c) electron-donor and electron-acceptor interaction between
the azo group and aluminium. Chelation in o-hydroxyazobenzene renders
both the hydroxyl and the azo group less effective for bonding with a!umina
in comparison with p-hydroxyazobenzene.
When the crude dye obtained by coupling phenol with a molar proportion of diazotized aniline was chromatographed on alumina, using benzene
as solvent and developer, three bands appeared : top, orange-yellow; middle,
reddish orange ; and bottom, yellow. By elution with benzene o-hydroxyazobenzene, 2:4-bisbenzeneazophenel, and p-hydroxyazobenzene were re-
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covered successively from the percolate; the respective yields were 1-1,
1 and 97.9 ~ .
p-Hydroxyazobenzene is
more strongly adsorbed
than 2: 4-bisbenzeneazophenol, notwithstanding the presence of an additional azo group in the latter compound. In p-hydroxyazobenzene (l) both
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the hydroxyl and azo groups are effective in adsorption on alumina; in the
disazo dye (Ill) only one azo group is effective, because of chelation between
the second azo group and the o-hydroxyl.

Coupling of resorcflwl
Baeyer and Jager3 first prepared mono-benzeneazoresorcinol, m.p. 166°.
Typke 4 isolated two azo compounds in the reaction between resorcinol and
benzenediazonium chloride: " a-dioxyazobenzene ", m.p. 161°, and '"/~-dioxyazobenzene ", m.p. 215 °. The latter was given the formula C12H1002N2
on the basis of its carbon and hydrogen analysis, and was considered to. be
2-benzeneazoresorcinol. Typke's "' fl-dioxyazobenzene" was probably 2 : 4or 4"6-bisbenzeneazoresorcinol, since the carbon and hydrogen values for
both mono- and bisbenzeneazoresorcinol are very nearly the same:
C12HI00~N-~ requires C, 67.3; H, 4-7; N, 13-1~o; and ClsH~402N4 requires
C, 67.9; H, 4-4; N, 17-6Yo; Typke's figlares were C, 67-0; H, 4.9. The
m.p. of "/~-dioxyazobenzene ", 215 °, is also very near those of 4: 6- and
2: 4-bisbenzeneazoresorcinols (215 ° and 221 ° respectively).

Will and PukalP found that in the reaction between resorcinol and
benzenediazonium" chloride 4-benzeneazoresorcinol (IV) constituted the
main product, but the isomeric 2-benzeneazoresorcinol (V) was also formed
in small quantities. From 700 g. of the crude monoazo dye, 35 g. of the
2-azo compound (V) was isolated. They could not isolate (V) in pure crystalline form, but separated the diethyl ethers of (IV) and (V). Reduction of
the diethyl derivative of (V) with tin and hydrochloric acid gave a compound,
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m.p. 124°, which they believed to be 2 : 6-diethoxyaniline. Turner ~ prepared
this amine from 2-nitroresorcinol, obtained by following the unambiguous
method of Kauffmann and De Pay, v and found that it melted at 57 °.
Vorozhtozov and Gorkov 8 also observed the formation of (V) simultaneously with (IV). By methylating crude 4-benzeneazoresorcinol, Bechhold9
obtained the dimethyl ether of (IV), m.p. 92 °, and from the mother-liquor
after crystallization he isolated a product, m.p. 96-97 °, which he considered
to be the dimethyl ether of (V). 2-Benzeneazoresorcinol (V) thus remains
an unknown substance and its preparation was therefore ~mdertaken by the
following unambiguous route. When the acid (VI) was coupled with diazotized anilirle, coupling was accompanied by decarboxylation, and the mai~
product was 2:4-bisbenzeneazoresorcinol-6-carboxylic acid. The ester (VII)
N = N--Ph
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of the dicarboxylic acid (VI), obtained during carboxylation of resorcinoP °
with potassium bicarbonate in glycerine at 135 °, was prepared by treatment
with two moles of diazomethafie .in ether at 0 °. The ester (VII) coupled
smoothly with diazotized aniline to the 2-benzeneazo derivative (VIII), which
on further treatment with 10~ boiling caustic potash solution gave (V),
crystallizing frcm alcohol in slender yellow needles, m.p. 159°; the 2-benzeneazo derivative (IX) of resorcinol-4: 6-dicarboxytic acid (VI) was not isolable
under these conditions of saponification, since decarboxylation to (V) took
place. Although (V) is yellow in colour in contrast to (IV) which is bright
orange, both (IV) and (V) give almost similar colourations with concentrated
sulphuric acid and 2N aqueous caustic soda. Unlike its isomer (IV), (V) is
volatile in steam and is less readily soluble in alkalis than the p-compound
(IV). This moderation in the hydroxylic properties of (V) in comparison
with (IV) enabled their separation subsequently.
Quantitative separation of (V) from (IV) was possible by chromatography. When a solution of (IV) and (V) in chloroform was chromato-
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graphed on an alumina column, it was found that (IV) appeared at the top
of the column, being strongly adsorbed, while (V) was very weakly adsorbed
and was recovered from the yellow percolate. The weak adsorption Gf (V)
was apparently the result of the azo group sandwiched between the two
hydroxyl groups acting as a receptor for two hydrogen bonds, so that neither
of the hydroxyl groups is fully available for hydrogen bonding with the
adsorbent; in (IV) the 2-hydroxyl chelates with the azo group, leaving the
4-hydroxyl free for hydrogen bonding with alumina, and (IV) is therefore
more strongly adsorbed than (V). The behaviour of azoresorcinols in
chromatography was found useful in separating other mixtures; and the
strength of adsorption afforded a meast.:re of the extent of chelation in azophenols. When a solution of the dimethyl ether of (IV) in chloroform was
chromatographed on alumina it was very weakly adsorbed, and a mixture
of the dimethyl ethers of (IV) and (V) could not be separated.
2: 4-Bisbenzeneazoresorcinol (X), 4: 6-bisbenzeneazoresorcinol ( X I ) a n d
2: 4: 6-trisbenzeneazoresorcinol (XII) were prepared by known methods:
(X) by coupling resorcinol with two moles of diazotized aniline in presence
of sodium carbonate, TM and (XI) and (XII) by coupling with two or three
N =N--Ph
i
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N=N--Ph
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(XI)

(XI[)

moles of diazonium salt in caustic soda solution.11,n The coupling of
resorcinol with 1 mole of benzenediazonium chloride at a pH of about 7
gives 4-benzeneazoresorcinol; chromatography has shown the absence of
the 2-azo compound. Resorcinol couples so readily that even with 1 mole
of benzenediazonium chloride about 10~o of a disazo dye is formed. If
coupling with 2 moles of diazonium component is carried out at pH 5-8, the
main product is 2: 4-bisbenzeneazoresorcinol. 4-Benzeneazoresorcinol (IV)
is first formed and the entry of the second azo group into the 2-position is
due to the chelation indicated in (IV A) as a result of which one of the Kekule
¢
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structures makes a larger contribution to the resonance of the benzene ring;
coupling then takes place at the end of the double bond attached to the
hydroxylated carbon atom. Under strongly alkaline conditions the hydrogen
bond is broken, and coupling takes place, as in resorcinol itself, in the position o, p to the two hydroxyl groups, 13 as indicated in (IV B).
4-Benzeneazoresorcinol (IV) was more strongly adsorbed on alumina
than either of the bisazo compounds. A mixture of (X) and (XI) dissolved
in chloroform separated readily on alumina, (XI) appearing in the upper
part of the column; (X) was very weakly adsorbed, being eluted by chloroform. When a solution of 2-benzeneazoresorcinol (V) and (X) in chloroform
was chromatographed on alumina, two bands appeared, (V) constituting
the upper yellow-orange band and (X) the lower orange-red band; elution
with chloroform gave (X) and (V) successively in the percolate. The stronger
adsorption of (V) in comparison with (X) shows that in (X) each hydroxyl
group is strongly chelated with an azo group, and that in (V) the chelation
of two hydroxyl groups with a single azo group is relatively weak, although
it is sufficiently strong to render (V) much less strongly adsorbed than (IV)
in which one hydroxyl group is completely free for hydrogen bonding with
alumina. When, however, a solution of (V) and 4: 6-bisbenzeneazoresorcinol (XI) in chloroform was chromatographed it was observed that
the latter was more strongly adsorbed than (V). Thus, the order of decreasing
adsorbability was (IV), (XI), (V) and (X).
The behaviour of the azoresorcinols in chromatography is in contrast
to the oehavfour of the azo dyes 6f the usual types used in dyeing wool and
cotton, which were examined by Ruggli and Jensen 14 and in which the
adsorbability increased with the number of azo groups. The azo groups
were the determining factor in the soluble dyes containing sodium sulphonate
groups, studied by Ruggli and Jensen, but the hydroxyl groups also play
a part in the adsorption of the azoresorcinols. In (IV), which can be
represented by the chelated structure (IV A), one hydroxyl group is free
and active in adsorption; in (X) both the hydroxyl groups are chelated with
the azo groups as indicated in (X A), and therefore much less active in
hydrogen bonding with alumina; (IV) in consequence is more strongly
adsorbed than (X). The behaviour of (X) and (XI) in chromatography indicates that (X) is more strongly chelated than (XI). This is in conformity
with Baker's observation, based on the differences in physical properties,
that intramolecular hydrogen bond formation is much greater in 2: 4diacetylresorcinol (XIII) t h a n in the 4: 6-isomer (XIV). He suggested that
the fixation of one of the two Kekule structures for the benzene ring favoured
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dual chelation in (XIII), but not in (XIV)? 5 Bond fixation in ring structures
has not found adequate support in experimental evidence or theoretical considerations, and attempts are being made to explain such facts as the diazonium
coupling of fl-naphthoI solely in the I-position and of 5-hydroxyindane
mainly in the 6-position on other grounds, which do not postulate a static
system involving the fixation of bonds and which take into account the relative
stability of the activated complexes, the number of resonance structures in
which the favoured position is activated, and the electron densities at the
eh\
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Sites available for. attack by a given reagent. TM Pauling has suggested that
the conjugated system in the chelate rings in (XIII) increases the ionic
character of the O - - H bond, as well as the negative charge on the carbonyt
oxygen, and therefore the strength of the hydrogen bond. 17 In the chelate
structure (X A) for 2:4-bisbenzeneazoresorcinol each of the chelate rings
contains two double bonds, while in structure (XI A) for the 4: 6-compound
one chelate ring cannot implicate a double bond of the benzene ring in
either of the two Kekule structures. The "' additional double bond stabilization -18 in (X A) increases the resonance stabilization of the chelate rings
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in (X A) in comparison with (xI A). As a result one hydroxyl group in
4: 6-bisbenzeneazoresorcinol (XI) is partially free for hydrogen bonding
with alumina, and (XI) is more strongly adsorbed than 2:4-bisbenzeneazoresorcinol (X).

Coupling of 4-methylresorcinol and orcinol
Orcinol TM is known to give two azo derivatives, 4-benzeneazo-5-methylresorcinol (XV) and a disazo derivative, m.p. 229 °, which may be (XVI) or
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(XVII). The orientation of this disazo derivative was not determined.
The ~,- or 2-position in 5-substituted resorcinols has considerable reactivity

=N--Ph
I(O~OH
N

HO/\OH
[,~//[--N = N--Ph
Me

I

~/--N

-- I~l--Ph
Me

Me

(xv)

H0/~0H
(xvn)

(xvl)

in reactions such as carboxylation and the Fries rearrangement. On
examining the azo dyes formed during coupling ~f orcinoI with benzenediazonium chloride (one mole) 2-benzeneazo-5-methylresorcinol could not
be isolated. When orcinol was coupled with diazotized aniline at pH 5-=8,
the monoazo derivative (XV) was accompanied by a disazo compound,
melting at 224 °. The dye obtained by coupling orcinol with diazotized
aniline in dilute caustic scda solution crystallized'from acetic acid in chocolate brown needles, m.p. 229 °, and was also a disazo derivative of orcinol.
The m.p. corresponded with the disazo derivative obtained by Simon. TM
Comparison of the absorption spectra and mode of formation of the bisazo
derivatives of orcinol, m.p. 224 and 229 °, with those of 2 : 4 - and 4: 6bisbenzeneazoresorcinols conclusively showed that they were 2:4-bisbenzeneazo-5-methylresorcinol (XVI) and 4: 6-bisbenzeneazo-5-methylresorcinol (X-VII) respectively. The behaviour of (X-V), (XVI) and ()(VII)
in chromatographic adsorption on alumina was similar to that of the corresponding azo derivatives of resorcinol, the order of decreasing adsorbability
being (XV), (XVII) and (XVI).
On coupling 4-methylresorcinol with diazotized aniline 6-benzeneazo4-methylresorcinol (XVIII) and 2: 4-bisbcnzeneazo-6-methylresorcinol (XIX)
were obtaincd. The 2-be~zeneazo derivative (XX) could not be obtained

H0/~0H
IxvzII)

N =N--Ph
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N -=N~Ph
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by direct coupling, and was prepared by coupling the methyl ester (XXII)
of 4-methylresorcinol-6-carboxylic acid (XXI) with benzenediazonium
chloride and treating the azo dye (XXIII) with 10~ boiling alcoholic caustic
potash solution. Both 2-benzeneazoresorcinol (V) and the dye (XX) are
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yellow in colour, volatile in steam, and insoluble in 5 ~ sodium bicarbonate
solution, while 4-benzeneazoresorcinol (IV) and 4-benzeneazo-6-methylresorcinol (XVIII) are bright orange in colour, non-volatile in steam and
soluble in 5 ~ sodium bicarbonate solution. The 2-azo derivatives also
melt at lower temperatures than the corresponding 4-azo compounds. The
behaviour of (XVIII), (XIX) and (XX) in chromatographic adsorption on
alumina was similar to that of the corresponding azo derivatives of resorcinol,
N=N--Ph

(xxn)

(xxin)

the order o f decreasing adsorbability being (XVIII), (XX) and (XIX).

Coupling of resacetophenone and 2-ace/ylresorcinol
When resacetophenone was couPled with diazotized aniline (one mole)
at pH 5-7, using sodium acetate, coupling was not noticed; at pH 8-9, using
sodium acetate and sodium carbonate, the product obtained was a mixture
of a monobenzeneazoresacetophenone, m.p. 192 °, and a disazo derivative
(XXV). At pH 11-13, the same products were obtained. With excess of
aniline (4 moles) 3:5-bisbenzeneazoresacetophenone (XXV) was obtained
in nearly quantitative yield. Under no set of conditions was the displace-
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ment of the acetyl group observed. The structure of the monobenzeneazoresacetophenone can be either (XXIV) or (XXVI), since ?,-substituticn in
resacetophenone has been frequently obselwed.15,2° Both (XXIV) and
(XXVI) were not formed, since only one monoazo dye could be isolated.
The constitution of the monoazo dye as (XXIV), and not (XXVI), was evident
from its similarity with 4-benzeneazoresorcinol (IV) in chromatograpnic
behaviour. It was also independently proved by carrying out the Fries
rearrangement on the diacetyl derivative. The product was found to be
identical with 2: 4-diacetyl-6-benzeneazoresorcinol (XXVIII), while the Fries
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reaction on the diacetate of (XXVI) would have yielded 4: 6-diacetyl-2benzeneazoresorcinol (XXVII). The dyes (XXVII) and (XXVII1) were
prepared for comparison by coupling 4: 6-diacetylresorcinol and 2: 4-diacetylresorcinol respectively with benzenediazonium chloride. The complete failure of 4-acetylresorcinol and methyl fl-resorcylate (see later paper)
to couple in the 2-position shows the relative weakness of the hydrogen bond
between the carbonyl (or carbomethoxy) and adjacent hydroxyl groups in
comparison with the chelation in o-hydroxyazobenzenes, as well as a marked
difference in the influence of such chelation on the Fries rearrangement ar/d

N=N--Ph
I

CO-Me

CO-Me

Ph--N=N--[N~CO--Me
(XXVII)

(XXVIII)

CO--Me

(XXIX)

HO¢IOH
(xxx)

on diazonium coupling. The mechanism of diazonium coupling consists in
the attraction of the diazonium cation to a site of high electron density, and
the para-position in a phenol is the favoured position for coupling; thus
phenol gives 98% of p-hydroxyazobenzene and only i% of the o-compound.
In resacetophenone and methyl ]~-resorcylate hydrogen bonding does not
materially influence the electron density at the second position o-p to the two
hydroxyl groups, and diazonium coupling therefore takes place at this readily
accessible or unhindered position. The mechanism of the Fries ruination
is relatively complex, and unlike the coupling of phenol with diazonium
salts, the Fries reaction on phenyl acetate gives a mixture o- and p-hydroxyacetophenone in relative proportions dependent on the solvent, the quantity
of aluminium chloride, and in particular the temperature. Baker has shown
that the Fries reaction on resacetophenone 4-acetate gives a mixture of 2:4and 4: 6-diacety]resorcinol, and the Claisen rearrangement of the 4-allyl
ether gives 85% of 3-allylresacetophenone. 15
2-Acetylresorcinol gave 2-acetyl-4-benzeneazoresorcinol (XXIX) and
the disazo derivative (XXX) when coupled with diazotized aniline. When
coupling was carried out at pH 5-7, (XXIX) was obtained in almc,st quanti-
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tative yield even with 2.5 moles of diazotized aniline, and the formation of
(XXX) required a considerably higher pH. There was no displacement of
the acetyl group under any conditions. A mixture of the dyes (XXiX) and
(XXX) could be easily separated by chromatography on alumina; the
former was more strongly adsorbed, again demonstrating the weakness of
the electron-donor character of carbonyl oxygen compared to azo nitrogen
in the formation of an intramolecular hydrogen bond.
EXPERIMENTAL

Coupling of phenol with diazotized aniline
Aniline (4-65g.; 0"05 haole) was diazotized at 0 ° by means of hydrochloric acid (33%; 11.5 c.c.) and sodiam nitrite (3-2 g.) and the diazonium
solution was added to a mechanically stirred solation of phenol (4-7 g. ;
0-05 mole) in aqueous sodium carbonate (8~/o; 160 c.c.) coo,led with ice and
salt. The reaction mixture was stirred for one hour, acidified, and the
yellow dye filtered, washed and dried (8-5 g.). A solution of the crude dye
(0.7 g.) in benzene (70 c.c.) was chromatographed on standardized alumina.
Three bands appeared : an orange-yellow band at the top, a red-orange band
in the middle and a yellow band at the bottom. On eluting the chromatogram with benzene the bottom band was eluted and a yellow crystalline
substance was recovered from the percolate (0-~0076 g.). On crystallization
from alcohol and sublimation at 0 . 0 2 m m . pressure, orange crystals of
o-hydroxyazobenzene (II), m.p. 82-5-83 °, were obtained. By cutting out the
reddish orange middle zone and extracting the alumina with boiling alcohol
the dye obtained (0-007g.) crystallized from alcohol in brown needles,
m.p. 131 °. This was 2:4-bisbenzeneazophenol (III). By separating tile
orange-yellow zone of alumina at the top and boiling with alcohol a yellow
dye was obtained, which on crystallization from alcohol and sublimation
gave orange-yellow crystals of p-hydroxyazobenzene (i), m.p. 155 °. Thus
the order of decreasing adsorbability was (I), (III) and (II).

Dimethyl resorcinol-4 : 6-dicarboxylate (VII)
A suspension of resorcinol-4:6-dicarboxylic acid, m.p. 312 ° (dec.)
(2 g.), in ether (50 c.e.) was treated with an ethereal solution of diazomethane
(40 c.c.), obtained from nitrosomethyl urea (3.5 g. ; equivalent to 0-84 g.
of diazomethane; 2 mols.) at 0 °. The suspension was mechanically stirred
for one hour and was allowed to stand overnight at room temperature. The
reaction mixture, which contained some solid crystalline material, was
extracted with ether. Tile ether solution was then extracted with 5~o aqueous
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sodium bicarbonate, which removed the free acid, washed and dried over
anhydrous sodium sulphate. Recrystallization from benzene of the crystalline residue obtained on evaporation of ether gave colourless prisms, m.p.
148° (Found: C, 52-8; H, 4- 4. C10H1006 requires C, 53-1; H, 4.4~.
Jois, et al. 2~ report 147 ° as the m.p. of the ester). The alcoholic solution of
the ester gives a red colouration with alcoholic ferric chloride.
Dimethyl 2-benzeneazoresorcinol-4 : 6-dicarboxylate (VIII)

A solution of benzenediazonium chloride prepared from aniline (0- 5 g. ;
1-25 tools.), hydrochloric acid (33~; 1-5 c.c.) and sodium nitrite (0-35 g.)
was treated with sodium acetate (2 g.) and gradually added to a solution
of the dimethyl ester (VII) (1 g.) in 5~ caustic soda solution (30 c.c.). During addition and thereafter for two hours the reaction mixture was mechanicaUy stirred and the temperature maintained at 0-3 °. It was then acidified
with dilute hydrochloric acid and the red-orange precipitate of the dye was
collected, washed and dried (1.5g.). Crystallization from glacial acetic
acid gave orange needles, m.p. 232 ° (Found: N, 8.5. C16H14OrN,. requires

N, 8-5%).

2-Benzeneazoresorcinol (V)

The dimethyl ester of 2-benzeneazoresorcinol-4:6-dicarboxylic acid
(0-6 g.) was refluxed with 10~ aqueous caustic potash (100 c.c.) containing
a little alcohol (5 c.c.) for four hours on a steam-bath. The orange-yellow
solution was filtered and on acidifying a yellow-orange precipitate was
obtained (0.33 g.) which crystallized from dilute alcohol in orange-yellow
needles, m.p. 159° (Found: C, 66.9; H, 4-7;
N, 13-1. C12H100~.N2
requires C, 67.3; H, 4-7; N, 13-1%). The m.p. in admixture with a sample
of 4-benzeneazoresorcinol (IV) was lowered to 137 °. The substance is yelloworange in colour in contrast to (IV) which is bright orange. Both (IV) and
(V) when dissolved in alcohol give bright orange-coloured solutions. The
dye (V) gives a bright orange colour with concentrated sulphuric acid as well
as with 10~ caustic soda solution. The dye is steam-volatile.
The diacetate prepared by heating (V) with acetic anhydride and pyridine crystallized from alcohol in orange needles, m.p. 137° (Found: C,
64-2; H, 4.6; N, 9-3. ClsH1404Nz requires C, 64.4; H, 4-7; N, 9"4%).
The dimethyl ether of (V)
(0-05g.), acetone (5c.c.) and
eight hours. The red product
needles, m.p. 101 ° (Found:

was obtained by reftuxing a mixture of (V)
anhydrous potassium carbonate (0-2g.) for
crystallized from dilutealcohol in lustrous red
C, 69.0; H, ,5-5; N, 1!-5. C~4Ha40,.N~
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requires C, 69.4; H, 5-8; N, 11- 6~).
m.p. of the dimethyl ether of (V).

Becbhold9 reports 96-97" as the

Coupling of resorcinol with diazotized aniline; preparation of 4-benzeneazoresorcinol (IV), 2 : 4-bisbenzeneazoresorcinol (X), 4: 6-bisbenzeneazoresorcinol (XI) and 2 : 4: 6-trisbenzeneazoresoreinol (XII)
4-Benzeneazoresorcinol (IV) and the disazo dyes (X) and (XI) were
prepared by coupling resorcinol with diazotized aniline in the known
manner. 1°,12 The dye (IV) crystallized from dilute alcohol in orange needles,
m.p. 162 °. The m.p. remained unchanged on drying at 85 ° in vacuum
(0-02mm.) for one hour. On crystallization from absolute alcohol, redorange needles, m.p. 170 °, were obtained. The dye dissolves in concentrated
sulphuric acid and in aqueous caustic soda, forming orange solutions. The
dye (X) crystallized from alcohol, or chloroform and alcohol, in red needles,
m.p. 222 °, while (XI) was obtained as brown needles from alcohol, m.p.
215-16 ° [Kostanecki 1° records 221 ° and 213-15 ° as the m.p. of (X) and (XI)
respectively]. With caustic soda solution (X) gives an orange colourat~on,
while the 4: 6-isomer (XI) gives a bordeaux-red colouration. With concentrated sulphuric acid both give red-orange cclourations. 2: 4: 6-Trisbenzeneazoresorcinol (XII) was obtained by coupling resorcinol (0.44 g.)
with diazotized aniline (1- 5 g. ; 4 tools.) in dilute caustic soda solution (50 c.c.
of 5 ~ solution). The dye (1-4g.) on purification and crystallization from
benzene was obtained as red-brown needles, m.p. 253 ° (Orndorff, 1~ 253°).
The yield of the dye (XII) was about 25~o, and the main product was (XI).
The dye (XII) gives a deep violet colouration with concentrated sulphuric
acid.

Behaviour of azoresorcinols in chromatography on alumina
(1) Separation of(IV) and (V) b.v chromatographic adsorption.--A solu-

tion of (IV) (0- 025 g.) and (V) (0.005 g.) in chloroform (20 c.c.) was chromatographed on standardized alumina. An orange band of 0-5 cm. height was
formed at the top, while a yellowish-orange percolate moved downwards.
On developing with the same s~lvent the orange band remained adsorbed
and (V) was recovered almost quantitatively from the chloreform percolate.
The orange layer of alumina at the top of the column was separated and
extracted with boiling alcohol, slightly acidulated with hydrochloric acid;
and evaporation gave (IV). It was.possible to separate (V) from (IV) when
a solution ,zf (V) and (IV) in the proportion 1 : 99 in chloroform was chromatographed on alumina. Separation of the dimethyl ethers of (IV) and (V) by
chromatographic adsorption was not possible, since both were very weakly
adsorbed on alumina.
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(2) Separation of (IV) and (iV) by chromatographic adsorption.--A solution of 4-benzeneazoresorcinot (IV) (0.025g.) and 2:4-bisbenzeneazoresorcinol (0-025g.) in chlorofcrm (20c.c.) was chromatographed on
alumina. A scarlet band was formed at the top, while art orange percolate
moved downwards. On developing with chloroform and benzene (1 : 1), the
scarlet band remained adsorbed and (X) was recovered from the chloroformbenzene percolate. By separating the scarlet layer of alumina and boiling
with alcohol, (IV) was obtained.
(3) Separation of (X) and (ZI) by chromatographic adsorption.----Asolution of 2 : 4-bisbenzeneazoresorcinol (X) (0-005 g.) and 4: 6-bisbenzeneazcresorcinol (XI) (0-005g.) in chloroform (15 c.c.) was chromatographed on
alumina. A red-orange band separated from the orange percolate moving
downwards. On developing with chloroform and benzene (1:1) the redorange band remained adsorbed and (X) was recovered from the chloroformbenzene percolate. On separating the red-orange layer of alumina and
boiling with alcohol, (XI) was recovered.
(4) Separation of 2-benzeneazoresorcinol(V) from. (X) was also possible
by chromatographic adsorption. When a solution of (V) (0-005 g.) and
(X) (0-005 g.) in chloroform (10 c.c.) was adsorbed on alumina and developed with the same solvent two bands appeared: an upper yellow band
and a lower orange band. The lower band on elution with chloroform gave
(X), while the upper band gave (V).
(5) Separation of (V) and (X/).--A solution of (V) (0.005 g.) and (XI)
(0-005g.) in chloroform (10c.c.) was chromatographed on alumina. On
developing with chloroform two bands appeared: an upper red-oraage
band and a lower yellowish orange band. The lower band on elution with
chloroform gave 2-benzeneazoresorcinol (V), while the upper red band on
extracting with boiling alcohol gave (XI). Thus (XI) was more strongly
adsorbed tt-/an (V).
(6) When a solution of (IV), (V), (X) and (XI), each weighing about 5 mg.,
in chloroform was chromatographed on alumina and the chromatogram
developed with the same solvent, four bands appeared : a scarlet upper band,
then a red-orange band, then a yellowish orange band, and an orange band
at the bottom. Eluting with chloroform, the lowest band was found to be
2: 4-bisbenzeneazoresorcinol (X). By separating the three layers of alumina
and boiling with alcohol, (IV), (XI) and (V)were recovered from the first,
second and third band. Thus the order of decreasing adsorbability was
(IV), (XI), (V) and (X).
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Coupling of resorcinol with diazotized aniline (one mole) and examination of
the crude dye for the presence of 2-benzeneazoresorcinol ( V)
Aniline (0.93 g.; 0-01 mole) was diazotized, and the diazonium solution, treated with sodium acetate (3-0 g.), was added at 0 ° to a mechanically stirred solution of resorcinol (1-1 g. ; 0-01 mole) in water (50 c.c.).
The reaction mixture (pH 5-7) was stirred for half an hour and the orange
precipitate filtered, washed and dried (1.7g.) (Found: N, 13-9~0). The
crude dye was dissolved in chloroform and chromatographed on alumina.
A scarlet band was formed at the top and a yellow orange percolate moved
downwards. 4-Benzeneazoresorcinol (IV) was obtained from the orange
layer of alumina at the top, which crystallized from dilute alcohol in orange
needles, m.p. 162 ° (Found: N, 13.1. CI.,H100~N2 requires N, 13"17o).
Evaporating off the chloroform from the percolate, a red crystalline product
was obtained (0.16 g.), a part of which on crystallization from alcohol-acetic
acid gave red needles, m.p. 222 °, identified as (X) (Found: N, 17.6.
C18Hx40~N4 requires N, 17-6~). On rechromatographing this substance
on an alumina column, the presence of 2-benzeneazoresorcinol (V) was not
indicated. Examining this product for its solubility in 20~o alcohol and 2 ~
caustic soda solution in which (X) was found to be completely insoluble
while (V) gave coloured solutions, the absence of (V) was confirmed.
Coupling resorcinol (0-55 g. ; 0.005 mole) in 5y. caustic soda solution
(25 c.c.) with one mote of diazotized aniline and carrying out the chromatographic separation of the crude dye (0-75 g.), the major portion of the dye
was found to be (IV). The disazo dye recovered by elution with chloroform
was found to be (XI), m.p. 216 ° (yield 0-28 g.). On further examining this
product by chromatography on alumina the presence of (V) was not indicated.

Coupling of orcinol with diazotized aniline and formation of 4-benzeneazo-5methylresorcinol (J(V), 2: 4-bisbenzeneazo-5-methylresorcinol ()2VI) and
4: 6-bisbenzeneazo-5-methylresorcinol (XVII)
(I) Orcinol (0-5 g.) was dissolved in alcohol (10 c.c.) and water (20 c.c.)
containing sodium acetate (2' 2 g.) and treated with the diazonium solution
obtained from aniline (0-37 g. ; 1 mol.); the red-orange precipitate was
filtered, washed and dried (0-65 g.) (Found: N, on the crude sample, 13 "0K).
On crystallization from alcohol bunches of orange needles were obtained,
m.p. 224 ° (Found: N, 16-6. CvjH~602N4 requires N, 16"9~o). The m.p.
in admixture with (XVII) was lowered to 210 °. The mother liquor on dilution with water gave a crystalline product, which on recrystallization from
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dilute alcohol gave orange needles, m.p. 184" (Typke, TM 183 °) (Found: N,
12.3. C13Hl~O2N2 requires N, 12-3%).
(2) Coupling orcinol (0-25 g.) in 5% sodium carbonate solution (15 c.c.)
containing sodium acetate (1 g.) with diazotized aniline (2 mols.), the dye
obtained (0-5 g.) crystallized from glacial acetic acid in orange needles,
m.p. 224 °, identified as (XVI).
(3) Coupling orcinol (0.25 g.) in 5% caustic soda solution (20c.c.)
with diazotized aniline (2 mols.), a red-violet product was obtained (0-3 g.),
which on crystallization from glacial acetic acid gave red-violet needles,
m.p. 229-30 ° (Simon 1~records 229 ° as the m.p. of the bisbenzeneazo derivative
of orcinol) (Found: N, 16-6. C19H~O~N4 requires N, 16"9%).
When a solution of (XV), (XVI) and (XVII) (each weighing about 5 mg.)
in chloroform was chromatographed on alumina and the chromatogram
developed by the same solvent, three bands appeared. On during with
chloroform (XVI) was recovered from the percolate. Bands one and two
gave (XV) and (XVII) respectively. Thus the ordei" of decreasing adsorbability was (XV), (XVII) and (XVI), confirming the structures assigned to the
bisbenzeneazoorcinols.

Coupling of resacetophenone with benzenediazonium chloride; formation of
5-benzeneazoresacetophenone (J(XIV) and 3 : 5-bisbenzeneazoresacetophenone (XXIO
(1) Resacetophenone (0-3g.) was dissolved in alcohol (15c.c.) and
water (10 c.c.) containing 2 g. of sodium acetate and treated with benzenediazonium chloride obtained from aniline (6-19 g. ; 1 tool.). No sign of
coupling was observed at the end of 4 hours.
(2) Resacetophenone (0.6 g.) was dissolved in water (25 c.c.) containing
sodium carbonate (1.2 g.) and sodium acetate (10 g.), and treated at 0 ° with
benzenediazonium chloride obtained from aniline (0-37 g. ; 1 mol.). The
red dye obtained was filtered, washed and dried (0-85 g.). On chromatographing the chloroform solution of the crude dye, a scarlet band appeared
at the top of the alumina column, while an orange percolate moved downwards. The dye recovered from the chloroform percolate crystallized from
glacial acetic acid in red needles, m.p. 221-22 ° (Fotmd : N, 15-5. C20H~O3N4
requires N, 15"6%). This is 3:5-bisbenzeneazcresacetophenone (XXV).
The diacetyl derivative of (XXV) crystallized from alcohol in red needles,
m.p. 148 ° (Found: N, 12-8. C~4H20OsN4 requires N, i2.6%). The dye
obtained from the scarlet layer of alumina by boiling with alcohol crystallized from alcohol in orange plates, m.p. 192° (Found: N, 11- l. C~aH~20,N~
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requires N, 10.9~). The diacetyl derivative of (XXIV) crystallized from
alcohol in orange plates, m.p. 106-107 ° (Found: N, 15-5. C20HleOzN4
requires N, 15" 6Yo).
(3) Coupling resacetophenone (0-6 g.) in 5 ~ sodium hydroxide solution
(20 c.c.) with one mole of diazotized aniline, and carrying out the separation
of the crude dye (0"9 g.) as described in the previous experiment, both
(XXI¥) and (XXV) were obtained.

Fries rearrangement of the diacetate of (XXIV)
The diacetate of (XXIV) (0-4 g.) was heated with freskly prepared
aluminium chloride (1 g.). The temperature was rapidly raised to 120 °
and then gradually to 180° "in 2 hours, and was maintained at this temperature for 1 hour and cooled. The reaction mass was treated with ice and
hydrochloric acid, and the red product was heated with 10~o caustic soda
solution for 1 hour. The dye obtained on acidifying was collected, washed
and dried. On purifying by means of chromatography, the red dye crystallized from alcohol in red elongated plates, m.p. 144° (Found: N, 9-7.
CleH1404N2 requires N, 9-4~). The m.p. was not depressed in admixture
with 6-benzeneazo-2: 4-diacetylresorcinol (XXVIII). Thus the rearrangement product is (XXVIII) and confirms the structure of the monobenzeneazoresacetophenone as (XXIV).

6-Benzeneazo-2 : 4-diacetylresorein (XXVIII)
2:4-Diacetylresorcinol, prepared according to Limaye, 22 m.p. 92 °
(0-05 g.), was coupled with diazotized aniline (1.5 tools.). The dye crystallized from alcohol in red plates, m.p. 144 ° (Found: N, 9.4. ClsHI404N 2
requires N, 9-4~).

2-Benzeneazo-4 : 6-diacetylresorcin (XXVII)
The red dye (0.2g.) obtained by coupling 4: 6-diacetylresorcinol
(0-2g.) with diazotized aniline (1-2mols.), on crystallization from glacial
acetic acid, gave orange-red needles, m.p. 202 ° (Found: N, 9.7. CleH1,O4N2
requires N, 9-4~).

Coupling of 2-acetylresorcinol with diazotized aniline and formation of 2-acetyl4-benzeneazoresorcinol (XXIX) and 2-acetyl-4: 6-bisbenzeneazoresorcinol
(XXX)
(1) 2-Acetytresorcinol (0-3g.) was dissolved in alcohol (15c.c.) and
treated with the diazonium solution obtained from aniline (0-22 g. ; 1.2
tools.) and sodium acetate. The orange red needles obtained after puri-
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fication and crystallization from alcohol melted at 150-51 ° (Found:
10-9. C14H1~O3N2 requires N, 10.9~).

N,

(2) 2-Acetylresorcinol (1-0 g.) was dissolved in 2 ~ caustic soda solution
(50 c.c.) and was treated with the diazonium solution from aniline (1-52 g. ;
2-5 tools.) at 0 °. The reaction mixture was stirred for one hour and then
acidified. The violet precipitate was filtered, washed and dried (2.2 g.).
Purification by chromatography and crystallization from glacial acetic acid
gave red-violet needles, m.p. 168 °. On recrystallization from alcohol redviolet rods were obtained, m.p. 170 ° (Found:
N, 15"5.
C~0HI~O3N4
requires N, 15-6~). The substance dissolves in caustic soda solution with
a bordeaux-red colour, characteristic of 4: 6-bisazoresorcinol derivatives.
With concentrated sulphuric acid it gives a deep purple colouration.
(3) Coupling 2-acetylresorcinol with diazotized aniline (3 tools.) under
the conditions described in (1), the dye obtained was 2-acetyl-4-benzeneazoresorcinol (XXIX). No formation of (XXX) was noticed.
SUMMARY

The relative adsorption affinities of monoazo derivatives of phenol and
resorcinot have been explained on the basis of chelation and of the availability of hydroxyl and azo groups for interaction with alumina. Since
Ruggli has shown that monoazo, disazo and trisazo dyes are adsorbed in
the given increasing order of strength of adsorption, an observation of
special interest, explained by chelation effects, is that p-hydroxyazobenzene
is more strongly adsorbed than 2: 4-bisbenzeneazophenol, and that 4-benzeneazoresorcinol is more strongly adsorbed than 2:4- or 4: 6-bisbenzeneazoresorcinol.

When phenol is coupled with a mclar proportion of diazotized aniline,
o-hydroxyazobenzene, p-hydroxyazobenzene and 2". 4-bisbenzeneazophenol
are formed in yields of 1- 1, 97-9 and l~o respectively. They are separable by
chromatography on alumina, the adsorption affinity being in the following
decreasing order: p-hydroxyazobenzene, 2 : 4-bisbenzeneazophenol, and
o-hydroxyazobenzene.
2-Benzeneazoresorcinol has been prepared by coupling diazotized aniline
with dimethyl resorcinot-4: 6-dicarboxylate, followed by hydrolysis and
decarboxylation. 4-Benzeneazoresorcinol, 4 : 6-bisbenzeneazoresorcinol, 2benzeneazoresorcinol, and 2:4-bisbenzeneazoresorcinol are adsorbed on
alumina in the given order of decreasing strength of adsorption. Examining
the crude dye obtained by coupling resorcinol with benzenediazonium
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chloride by chromatography on alumina in the light of the above observations,
it is shown that, contrary to statements in the literature, there is no evidence
of the formation of 2-benzeneazoresorcinol.
Although the ~,- or 2-position of 5-substituted resorcinols has consider~.ble reactivity in reactions such as carboxylation and the Fries rearrangement, the first coupling of orcinol with diazotized aniline takes place entirely
in the 4-position. The second coupling takes place in the 2- or 6-position
according as the p H is 5-8 or higher.
Resacetophenone couples with diazotized aniline to a mixture of 5benzeneazo- and 3: 5-bisbenzeneazoresacetophenone; the constitution of
the former was shown by the Fries rearrangement of the diacetate to 2: 4diacetyl-6-benzeneazoresorcinol. The failure of resacetophenone to undergo the first coupling in the ~,-position shows the weakness of the hydrogen
bond between the carbonyl and adjacent hydroxyl groups, as well as a marked
difference in the influence of such chelation on the Fries rearrangement and
on diazonium coupling.
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