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The use of methanesulfonic acid offers a novel and highly efficient method for the synthesis of phthalein
indicator dyes in excellent yields on an industrial scale.
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Color change has been a fascination for individuals for a long
time. Phthaleins acid-base indicators are traditionally used for col-
or change.! Phthalein indicator dyes exhibit multi-applications?
which include paints, adhesives, insecticides, soaps, and food stor-
age. In addition, they are used in personal care products® such as
cosmetics and diapers. Phthalein indicators show promising bio-
medical applications? in detecting viable cells, treating amyloid-
associated diseases, genomics, blood analysis, urine analysis, and
dental impression material.

The invention of phthalein indicators by Baeyer® has not only
revolutionized the color chemistry, in general, but also has made
a major breakthrough particularly involving the color-change con-
cept. The use of phthalein indicators is wide spread; it has grown
rapidly and has exploded in the past two decades. Generally, the
phenol is condensed with phthalic anhydride in the presence of
an acidic catalyst under anhydrous conditions. These catalysts in-
clude sulfuric acid, polyphosphoric acid, aluminum chloride, stan-
nic chloride, and zinc chloride. Among the several methods
reported using these catalysts,’ most of these methods afforded
tarry products with some by-products in poor yield. Even though
several synthetic methods are reported® for phthalein indicators,
only three indicators namely, phenolphthalein, o-cresolphthalein,
and thymolphthalein are commercially available. The methods
developed so far have limitations and drawbacks such as: The
product is impure and the yield is low. These are the major reasons
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why the phthalein indicator chemistry has not moved beyond
these three indicators on an industrial scale.

In continuation of our work on the development of useful syn-
thetic methodologies’ and novel dye chemistry,® we report here a
facile, one-pot synthesis of phthalein indicator dyes using readily
available and economical starting materials by a simple method.
We have condensed 2 M equiv of a phenol or substituted-phenol
1 with 1 Mequiv of a phthalic anhydride 2 in the presence of
methanesulfonic acid under anhydrous condition. Methanesulfonic
acid acts as a condensing agent as well as reaction medium. The
carbon atom at the 4-position with respect to the aromatic hydro-
xyl group must not be substituted as it is necessary for the reac-
tion. The actual condensation reaction was brought about by the
action of heat, preferably in the presence of a dehydrating acid
such as methanesulfonic acid. The reaction mixture was stirred
and heated at 90 °C for 5 h. Care should be taken so that the tem-
perature of the reaction does not exceed 100 °C, otherwise several
by-products would be detected. The condensation of phenols with
phthalic anhydride in the presence of methanesulfonic acid was
fast but the ideal time for completion of the reaction is 5 h. The
reaction mixture was then cooled to room temperature and slowly
added to ice-water mixture when the product precipitated. The
product was filtered, throughly washed with water, and dried.
The crude products were purified by recrystallization from a suit-
able solvent with charcoal treatment-furnished pure phthalein
dyes 3a-m.° The crude products were dark brown to yellow in
color. The color of the products after recrystallization (without
charcoal treatment) was light brown to pale yellow. Thus, the char-
coal treatment was necessary as it yielded phthalein dyes 3a-m as
white crystals. We have managed to substantially increase the
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Table 1
A facile synthesis of phthalein indicator dyes 3a-m
Rg Re
o HO, OH
Re °
HO. Rs o R R
2 + methaneslfonic acid R
Ry o
R
1 2 3
Entry Ry R3 Rs Rs Product® Yield (%)
1 H H H H 3a 94
2 CHs H H H 3b 92
3 CoHs H H H 3c 81
4 iso-Propyl H H H 3d 83
5 sec-Butyl H H H 3e 77
6 OCH3 H H H 3f 79
7 CgHs H H H 3g 94
8 CHs H CH; H 3h 85
9 iso-Propyl H CHj3 H 3i 90
10 CH5 H H CH5 3j 91
11 OCH3; H H OCH; 3k 84
12 iso-Propyl H H iso-Propyl 31 89
13 CH5 CH5 H CH5 3m 73

@ The reaction was conducted in anhydrous conditions.

yields (upto 73-94%) of the target phthalein dyes 3a-m. Phthalein
indicator dyes 3a-m formed by this method are highly pure show-
ing single spot on TLC (Thin Layer Chromatography) and no by-
products were detected.

It is noteworthy that the starting materials and catalyst are
readily available and highly economical. The reaction time is short
(5 h) and work-up is easy. The products can be easily purified by
recrystallization using charcoal treatment. The products are
formed in excellent yields (Table 1). The phthalein compounds
generated by this elegant method are pH indicators or acid-base
indicators. They are colorless in acidic pH and deeply colored in
alkaline pH. They exhibited red, pink, magenta, purple, violet, blue,
and teal colors in basic pH. The color-change transition of phtha-
lein indicator dyes is given in Table 2. This facile synthetic method-
ology can be applied to manufacture phthalein indicator dyes on
an industrial scale in excellent yield and in high purity.

In conclusion, we have successfully developed an elegant, one-
pot synthesis for phthalein indicator dyes using readily available
and economical starting materials in the presence of methanesulf-
onic acid as a catalyst. The beauty of this method lies in the fact
that the synthetic method offers short reaction time, ease of puri-
fication through crystallization, and high yields on an industrial
scale. There is a huge scope to expand this approach for advancing

Table 2
Color-change transition of phthalein indicator dyes 3a-m

Product Color-change transition (pH: acidic to alkaline)
3a Colorless to pink

3b Colorless to red

3c Colorless to magenta
3d Colorless to pink

3e Colorless to purple

3f Colorless to violet-blue
3g Colorless to purple

3h Colorless to indigo-blue
3i Colorless to blue

3j Colorless to violet

3k Colorless to teal

31 Colorless to violet

3m Colorless to teal

color-change concept. Currently, we are investigating the synthesis
of novel dye libraries, details of which will be published in due
course. These dyes have potential applications in medical, coatings,
and electronics field.
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Compound 3a: mp 261-263 °C (from methanol); FTIR (KBr): v 3383, 3292, 2954,
1738, 1611, 1266 cm™'; '"H NMR (300 MHz, DMSO-dg): 6 9.65 (s, 2H, 20H), 6.79
(dd, 4H, aromatic), 7.10 (dd, 4H, aromatic), 7.64-7.91 (m, 4H, aromatic) ppm;
Mass spectra (70 eV): m/z 318 (M"). Anal. Calcd for CyoH1404: C, 75.47; H, 4.40.
Found: C, 75.49; H, 4.44.

Compound 3b: mp 221-223 °C (from ethanol); FTIR (KBr): v 3463, 1739, 1714,
1612,1276 cm™"; "H NMR (300 MHz, DMSO-dg): 4 9.58 (s, 2H, 20H), 2.08 (s, 6H,
2CH3), 6.78-6.98 (m, 6H, aromatic), 7.63-7.89 (m, 4H, aromatic) ppm; Mass
spectra (70 eV): m/z 346 (M"). Anal. Calcd for C;,H;504: C, 76.30; H, 5.20. Found:
C, 76.27; H, 5.19.

Compound 3c: mp 145-148 °C (from ethyl acetate/petroleum ether, 1:1); FTIR
(KBr): v 3389, 1783, 1718, 1605 cm™'; 'H NMR (300 MHz, DMSO-dg): 6 9.54 (s,
2H, 20H), 2.43-2.50 (q, 4H, 2CH,), 1.00-1.05 (t, 6H, 2CH3), 6.74-6.96 (m, 6H,
aromatic), 7.57-7.89 (m, 4H, aromatic) ppm; Mass spectra (70 eV): m/z 374

w
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(M"). Anal. Calcd for Cy4H2,04: C, 77.00; H, 5.88. Found: C, 77.03; H, 5.86.
Compound 3d: mp 158-159 °C (from methanol/water, 1:1); FTIR (KBr): v 3383,
1733, 1608 cm™!; 'H NMR (300 MHz, DMSO-ds): 6 9.57 (s, 2H, 20H), 1.05-1.07
(dd, 12H, 4CHs), 3.11-3.18 (sept., 2H, 2CH), 6.75-7.01 (m, 6H, aromatic), 7.59-
7.90 (m, 4H, aromatic) ppm; Mass spectra (70 eV): m/z 402 (M"). Anal. Calcd for
Ca6H2604: C, 77.61; H, 6.46. Found: C, 77.62; H, 6.43.

Compound 3e: mp 128-131°C (from methanol); FTIR (KBr): v 3400, 1722,
1607 cm™~!; "H NMR (300 MHz, DMSO-dg): 6 9.50 (s, 2H, 20H), 0.80 (t, 6H, 2CH3),
1.35-1.39 (p, 4H, 2CH>), 1.22 (d, 6H, 2CH3), 2.89-2.97 (sext., 2H, 2CH), 6.73-6.93
(m, 6H, aromatic), 7.59-7.90 (m, 4H, aromatic) ppm; Mass spectra (70 eV): m/z
430.5 (M"). Anal. Calcd for CpgH3004: C, 78.13; H, 6.97. Found: C, 78.17; H, 6.99.
Compound 3f: mp 209-211 °C (from methanol); FTIR (KBr): v 3517, 1747, 1701,
1279 cm™'; 'H NMR (300 MHz, DMSO-dg): 6 9.27 (s, 2H, 20H), 3.66 (s, 6H,
20CH3), 6.65-6.78 (m, 6H, aromatic), 7.61-7.90 (m, 4H, aromatic) ppm; Mass
spectra (70 eV): m/z 378 (M*). Anal. Calcd for C,H,506: C, 69.84; H, 4.76. Found:
C, 69.80; H, 4.72.

Compound 3g: mp 238-240°C (from methanol); FTIR (KBr): v 3472, 1746,
1609 cm™~'; "TH NMR (300 MHz, DMSO-dg): 6 9.89 (s, 2H, 20H), 6.97-7.18 (m, 6H,
aromatic), 7.26-7.47 (m, 10H, aromatic), 7.63-7.92 (m, 4H, aromatic) ppm;
Mass spectra (70 eV): m/z 470.5 (M"). Anal. Calcd for C3,H;,04: C, 81.70; H, 4.68.
Found: C, 81.74; H, 4.63.

Compound 3h: mp 286-289 °C (from methanol); FTIR (KBr): v 3393, 1729,
1611 cm™'; 'H NMR (300 MHz, DMSO-d): & 9.40 (s, 2H, 20H), 1.95 (s, 12H,
4CH3), 6.59-6.63 (m, 4H, aromatic), 7.46-7.91 (m, 4H, aromatic) ppm; Mass
spectra (70 eV): m/z 374 (M"). Anal. Calcd for C4H,,04: C, 77.00; H, 5.88. Found:
C, 77.05; H, 5.83.

Compound 3i: mp 251-253 °C (from methanol); FTIR (KBr): v 3382, 2961, 1736,
1687,1290 cm™'; 'H NMR (300 MHz, DMSO-dg): & 9.82 (s, 2H, 20H), 2.33 (s, 6H,
2CH3), 1.26-1.29 (dd, 12H, 4CH3), 3.14-3.27 (sept., 2H, 2CH), 6.34-6.79 (m, 4H,
aromatic), 7.31-7.76 (m, 4H, aromatic) ppm; Mass spectra (70 eV): m/z 430.5
(M"). Anal. Calcd for C,gH3004: C, 78.13; H, 6.97. Found: C, 78.11; H, 6.94.
Compound 3j: mp 247-249 °C (from methanol); FTIR (KBr): v 3582, 3386, 1746,
1605 cm™!; 'TH NMR (300 MHz, DMSO-ds): 6 8.45 (s, 2H, 20H), 2.10 (s, 12H,
4CH3), 7.58-7.63 (m, 4H, aromatic), 7.78-7.87 (m, 4H, aromatic) ppm; Mass
spectra (70 eV): m/z 374 (M"). Anal. Calcd for C;4H,,04: C, 77.00; H, 5.88. Found:
C, 77.03; H, 5.92.

Compound 3k: mp 220-221 °C (from methanol); FTIR (KBr): v 3388, 1769, 1606,
1369 cm™!; 'H NMR (300 MHz, DMSO-d): 6 8.71 (s, 2H, 20H), 3.66 (s, 12H,
40CH3), 7.65-7.68 (m, 4H, aromatic), 7.83-7.96 (m, 4H, aromatic) ppm; Mass
spectra (70 eV): m/z 438 (M"). Anal. Calcd for C4H,,05: C, 65.75; H, 5.02. Found:
C, 65.79; H, 5.07.

Compound 31: mp 212-214°C (from methanol); FTIR (KBr): v 3506, 1734,
1609 cm™'; 'H NMR (300 MHz, DMSO-dg): 6 9.56 (s, 2H, 20H), 1.02-1.05 (dd,
24H, 8CH3), 3.22-3.31 (sept., 4H, 4CH), 6.74-7.00 (m, 4H, aromatic), 7.59-7.92
(m, 4H, aromatic) ppm; Mass spectra (70 eV): m/z 486 (M"). Anal. Calcd for
C3,H3504: C, 79.01; H, 7.81. Found: C, 79.06; H, 7.84.

Compound 3m: mp 248-249 °C (from methanol); FTIR (KBr): v 3510, 3390, 1746,
1609 cm~!; 'H NMR (300 MHz, DMSO-d): 6 9.44 (s, 2H, 20H), 2.05 (s, 18H,
6CH3), 6.55 (s, 2H, aromatic), 7.46-7.90 (m, 4H, aromatic) ppm; Mass spectra
(70 eV): m/z 402 (M*). Anal. Calcd for Co6Hy604: C, 77.61; H, 6.46. Found: C,
77.64; H, 6.42.



