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2-{m-Nitrobenzoyl)benzoic acid, a y-keto acid, has been
condensed with various phenols to synthesise some
novel analogues of phthalein dyes. The products so
obtained are unsymmetrically substituted phthalides, in
which the central triphenylmethane carbon is attached to
two different rings. Structures of these new dyes were
established by elemental analysis, chemical reactions and
infra-red studies. Their absorption maxima have been
determined in ethanol (neutral and alkaline media) and
are found to be shifted like those of true phthaleins.

170 JSDC Volume 100 May/June 1984

INTRODUCTION
Phthaleins constitute an important group of synthetic dyes,
which in addition to their analytical applications are also
well known for their use in industry and medicine. Metal
complexes of fluorescein have been reported to possess
antiseptic [1] and antibacterial (2] activity. We undertook
the synthesis of a series of novel analogues of phthalein
dyes from a y-keto acid, 2-{m-nitrobenzoyl)benzoic acid.
The results of this investigation are discussed in this paper.
The phenomenon of ring-chain tautomerism [3] is exhi-
bited by a large number of organic compounds containing
a multiple bond and a functional group capable of
intramolecular addition at this bond. y-Keto acids have
been reported to exist as an equilibrium mixture of keto-
acid {chain) and lactol {ring) tautomeric forms [4]. Nuc-
leophilic intramolecular addition of a carboxy! group to a
carbonyl groupis a rapid and reversible process 15,6],anda
tautomeric equilibrium is established between the two
forms (Scheme 1}.
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These lactols give crystalline acety! derivatives retaining
their cyclic structure [7]. Hence it has been concluded that
the lactol form of a y-keto acid is more stable than the
keto-acid form|[7]. The cyclic derivatives, pseudo-
chiorides [8] and pseudo-esters [9,10] are obtained
through the lactol form. Many chemical reactions [11-13]
of y-keto acids have been explained on the basis of their
cyclisation to lactals.

EXPERIMENTAL

All the melting points quoted below are uncorrected. N.m.r.
spectra were recorded in DMSO-d, on a Bruker WH90 spec-
trometer at 80 MHz and chemical shifts (= in p.p.m.) are
reported relative to TMS as internal standard. Infra-red {i.r.)
spectra (v, in cm™') were taken on a Perkin-Eimer 137
spectrophotometer in KBr pellets, and electronic spectra
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(visible) were recorded on a Beckman DU spectrophoto-
meter in ethanol (neutral and alkaline media). Thin layer
chromatography (t.l.c.) was performed on silica gel G
layers using ethyl acetate-methanol-ammonia {5 mol/l)
(60:30:10} and spots were developed using 5% aqueous
NaOH.

Preparation of 2-{m-nitrobenzoyl)benzoic acid (I} was
carried out by a reported procedure [14]. The phenols
{phenol, resorcinol, catechol, hydroquinone, phloro-
glucinol and pyrogallol) were taken in slight excess over the
acid (), and conc. sulphuric acid {4-5 drops} was used as
condensing agent throughout. By analogy with
phthaleins [15], the condensation is assumed to have taken
place as shown in Scheme 2.

Synthesis of 3-(2 4-dihydroxyphenyl}-3-{m-nitro-
phenyl)phthalide {IVb})

The acid {l) (3.5 g} and resorcinol {2.0 g} were thoroughly
mixed and heated in a boiling tube at 140°C in an oil bath to
obtain a homogeneous solution. Then conc. H,SO, (4-5
drops) was added cautiously with stirring, and heating was
continued at 140-150°C for 0.5 h, resulting in a hard and
brittle mass on cooling. The product so obtained was
crushed, washed with water to remove unreacted resor-
cinol, extracted with 2% NaCH solution and filtered. The
dye was precipitated from the orange-red filtrate by adding
dil. HCI slowly and with stirring. It was purified by repeated
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TABLE 1

Preparation and Physical Properties of Various Dyes Studied'®

{In)

(Iv)

(a}: R'=R?=R*=R*=H, R*-~0OH

{b): R*=R*‘=R*=H, R'=R*=0H

{c}): R"=R*=R®=H, R*=R*=0H

{d): R2=R*=R*=H, R'=R*=0H

{e}: R?=R*=H, R'=-R*=R*=0H

{fi: R*=R*=H, R'=R*=R°==0H

{g): R?=R*"=R*=H, R' =R*=0COCH,
th}: Rf=H, R*=R*=Br, R'=R*=0H

Condensation N(%)

Dye Temp. Duration M.p. Yield

No. Dye (°C) (h) Colour {°C) (%) Composition Calc. Found

IVa®  3-(p-Hydroxyphenyl)-3- 140-160 4 Brownish yellow 130-132 78 C,H,,NO, 4.03 3856
{m-nitrophenyl}phthalide

Ve 3-(3,4-Dihydroxyphenyl}-3- 130-140 1 Dark brown 210-212 65.7 C,H,,NO, 3.80 3.67
{m-nitrophenyljphthaiide

ivd 3-(2,5-Dihydroxyphenyl}-3- 150-160 1 Brown 230-231 72 C,.H,,NO, 3.80 370
(m-nitrophenyl)phthalide

Ve 3-(2,4,6-Trihydroxyphenyl)- 140-150 0.5  Brownish red >300 60 C,H,,NO, 369 3.62
3-{m-nitrophenyliphthalide decomposed

Ivf 3-(2,3,4-Trihydroxyphenyl)- 150-160 0.5 Brownish red =300 657 C,H,,NO, 3.69 376
3-{m-nitrophenyl)phthalide decomposed

{a} Al the compounds were crystallised from ethanol
(b} Excess phenol after condensation was removed by steam distillation
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crystallisation from ethanol, dried in an oven at 100°C and
then in a vacuum desiccator (yield 3.8 g, 81%). The dye IVb
was a brownish-yellow microcrystalline solid, m.p.
233-235°C. Its ethanolic solution was yellow-orange with
green fluorescence, and on addition of alkali it became
orange-red with more intense green fluorescence (found: C
66.52, H 3.75, N 3.56%; C,H,,NO, requires C66.11,H 3.68, N
3.80%); i.r.: 35003200 (OH); 1740 (lactonic CO); 1610,
1595, 1485, 1460 (aromatic nucleus); 1525, 1350, 850 (NQ,)
and 755, 700 (o-disubstituted phthalein ring).

The dyes given in Table 1 were prepared in the same
manner as described above.

Acetylation of IVb

The dye IVb (1.0 g) was refluxed with acetic anhydride
(16 ml) and fused sodium acetate (2.0 g} for 4h at
130-140°C to give a pale-yellow acetyl derivative, IVg. It
was crystallised from acetone as a microcrystalline solid,
m.p. 120—121°C (yield 0.8 g, 65%) (found: C 64.80,H 4.02, N
3.25%; C,.H,,NO, requires C 64.42, H 3.80, N 3.13%]; i.r.:
1770 (unresolved phenolic acetate CO and lactonic CO);
1605, 1585, 1492, 1420 (aromatic nucleus); 1530, 1348, 850
(NO,) and 760, 700 (o-disubstituted phthalein ring).

Bromination of IVb

The dye IVb {1.6 g) was dissolved in glacial acetic acid
{20 ml) and mixed with bromine (0.5 ml) dissolved in gla-
cial acetic acid (10 ml). The mixture was refluxed at
130-140°C for 1 h, cooled and diluted with water to yield a
dark-brown solid. It was crystallised from ethanol as a
brick-red dibromo compound, IVh (yield 1.5 g, 65.56%), m.p.
250-252°C {found: Br 31.01%; C,H,,NOBr, requires Br
30.71%}: i.r.: 35003300 {OH), 1750 (lactonic CO); 1610,
1595, 1485, 1465 {aromatic nucleus); 1530, 1345, 850 (NO,)
and 760, 700 (o-disubstituted phthalein ring).

Caustic Potash Fusion of IVb

The dye IVb (1.0 g} was mixed with a paste of KOH pellets
(10 g) and the mixture was strongly heated in a platinum
crucible at 250°C for about 3 h, until the colour of the dye
faded completely. The contents were cooled, dissolved in
water and filtered. The excess of alkali was just neutralised
with dil. HC! when a yellow-brown residue (A) settled out,
which was filtered and washed with water. The filtrate was
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further acidified by adding an excess of HC! and allowed to
stand for a few hours to deposit a white residue (B); this
was also filtered and washed thoroughly with water. The
filtrate was shaken with ether, and on evaporation of the
ether a brownish-red residue {C) was left behind. Residues
A, B and C were identified as unreacted dye (IVb), the acid |
and resorcinol respectively by direct comparison {by melt-
ing point, t.l.c. and i.r. determinations} with authentic sam-
ples.

RESULTS AND DISCUSSION

2-(m-Nitrobenzoyl)benzoic acid has been found spectro-
scopically to exist as a mixture of its keto-acid (I} and lactol
{Il} forms. Infra-red spectra of the acid showed absorption
bands at 1700, 1690 and 1780 {feeble) indicating the pres-
ence of carboxyl carbonyi, diaryl ketonic carbonyl and lac-
tonic carbonyl groups respectively. A weak but sharp band
appeared at 3370 which is assignable to the OH group of
the lactol form. The OH of the carboxyl group displayed a
broad band around 2700. N.m.r. spectra of the acid showed
a broad singlet at ¥=5.4, which could be assigned to the
hydroxyl proton of the lactol form present in the acid. All
the aromatic protons appeared as a multiplet in the region
between 7=1.7 and 7=2.8.

The synthesis of the new unsymmetrically substituted
phthalides (IVa-IVh) {Scheme 2) follows a condensation
reaction through the lactol form {Il} of the acid (}) and with
excess of phenols (Ill), the whole of the acid used reacting
as a lactol. Completion of the reaction and purity of the
products was tested by t.l.c. The structures were estab-
lished by elemental analysis, bromination, acetylation,
KOH degradation and i.r. studies (Scheme 3). Formation of
diacetyl (IVg) and dibromo (IVh) derivatives supported the
presence of only one resorcincl molecule in the dye (IVb).
KOH fusion of IVb degraded it to | and resorcinol (V).

Infra-red spectra of the dyes IVato IVfand IVh displayed a
strong band in the region 3500-3 200 due to OH stretching.
The broad envelope and low-frequency of the band
revealed that the OH groups are either involved in a strong
hydrogen bonding or tautomeric shifts. The broad band
between 3500 and 3200 in IVb was found to be absent in
IVg, instead the latter showed a strong band at 1770 (car-
bony! stretching in phenolic acetate). A strong band be-
tween 1750 and 1735 in all the dyes (IVa—IVh) was attri-
buted to lactonic carbonyl stretching. This supported the



TABLE 2

Colours and Absorption Maxima of Dyes Prepared and those of Some Known Phthaleins

Colour in ethanol Amax (NM)
Colour with

Dye Neutral Alkaline 2% NaOH Neutral Alkaline
IVa Yellow Red Red 450 540
Vb Yellow-crange!? Orange-red"” Dark orange-red'® 425 480
V¢ Orange-red Dark red Dark red 450 500
Vd Yellow Orange Orange (b}

Ve Red-brown Dark red-brown Dark red-brown {b)

IVt Brownish yellow Dark brownish yellow  Dark brownish yellow b

Vg Light yellow Orange-red'® Yellow 445, 485
Vh Red Red Red 485 625
Phenolphthalein Colourless Pink Pink 550
Fluorescein Yellow-red Redt? Reddish pink'@ 480 500
Eosin Light pink'a Orange-pink!? Orange-pinkt 530 530

{a} Graen fluorescence

(b} Correct A,ax of these dyes could not be measured, probably because of their decomposition in solution

proposed lactone structures. The vibrations of the aromatic
rings ied to the four bands near 1610, 1595, 1500 and 1460,
The nitro group attached to the phenyl ring gave rise to
three sharp bands at about 1550-1530 {asymmetric N-O
stretching), 1350-1345 {symmetric N-O stretching) and
850 (C-N stretching). The spectra of all the compounds
displayed one intense band at 760 and a faint band at 700,
both of which are characteristic of the o-disubstituted
phthalein ring.

The absorption maxima (Amax) Of these unsymmetrically
substituted phthalides are given in Table 2. In an alkaline
medium absorption maxima are prominently shifted
towards a longer wavelength. This bathochromic shift indi-
cates that, like true phthaleins, in an alkaline medium the
lactone structures of these dyes (IVa-IVh) also undergo
transformation into their corresponding quinonoid struc-
tures.
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