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Abstract
Polyphenols are naturally occurring compounds found largely in fruits, vegetables, cereals and beverages. Currently, there is much interest in the potential
health benefits of dietary plant polyphenols as antioxidants. The effect of polyphenols on human cancer cells is most often protective and induces a reduction
in the number of tumors or rate of growth. During our course of study on anticancer prodrugs, twelve triphenylmethanol and one tris(2-(hydroxymethyl)
phenol derivatives were synthesized as a carrier of several drugs with optimized lipophilicity. Besides application of these compounds as a foundation
for anticancer drug delivery systems, these compounds were evaluated as indicators for the acid-base volumetric titration of a standard solution of hydrochloric acid with a standard solution of sodium hydroxide. The experiments indicated a moderate-to-sharp color transition of the solutions near
the neutralization point for most indicators. These indicators may have potential applications for acid-base titrations in a narrow range.
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1. Background and Introduction
An acid-base indicator is a weak acid or a weak base. Any substance that underDOI: 10.4236/jasmi.2019.92002
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goes a reversible chemical change when pH changes can be used as an acid-base
indicator. However, a sharp change in color of the substance is required. The
undissociated form of the indicator is a different color from the ionic form of the
indicator. An Indicator does not change color from pure acid to pure alkaline at
specific hydrogen ion concentration, but rather, a color change occurs over a
range of hydrogen ion concentrations. This range is termed as the color change
interval. It is expressed as a pH range.
There are several reports about household materials that can be used as acid/base indicators [1] [2] [3] [4] [5]. Most of these materials are natural products
derived from plants and so-called phenolic antioxidants. Polyphenols are naturally occurring compounds found largely in fruits, vegetables, cereals and beverages. Fruits like grapes, apples, pears, cherries and berries contain up to 200 300 mg of polyphenols per 100 grams fresh weight [6] [7] [8]. In the last decade,
there has been much interest in the potential health benefits of dietary plant polyphenols as antioxidants. The effect of polyphenols on human cancer cells is
most often protective and induces a reduction in the number of tumors or rate
of growth. These effects have been observed at various sites including the mouth,
stomach, duodenum, colon, liver, lungs, mammary glands and skin. Many polyphenols, such as quercetin, catechins, isoflavones, lignans, flavanones, ellagic
acid, red wine polyphenols, resveratrol and curcumin have been tested; all of
them showed protective effects in some models although their mechanisms of
action were found to be different. [9] [10] Polyphenols influence the metabolism
of pro-carcinogens by modulating the expression of cytochrome P450 enzymes
involved in their activation of carcinogens [11] [12].
To take advantage of the indicator properties of polyphenolic antioxidants,
several polyphenolic derivatives were designed and synthesized and their color
property at different pH have been studied.
To best of our knowledge, this is the first time these polyphenolic antioxidants
are being reported as indicators for acid-base volumetric titration.

2. Discussion
The synthesis of triphenylmethanol derivatives 1a-k was accomplished by using
a modified method based on literature [13] [14] (Scheme 1). In this regard,
1,3,5-trioxane was added to a solution of phenol or anisol derivatives followed
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Scheme 1. Synthesis of triphenylmethanol derivatives 1a-k.
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by heating of the mixtures. Then, a mixture of sulfuric acid in glacial acetic acid
was added to the mixtures and the stirring of the solutions was continued. Finally, the reaction mixtures were cooled down and a solution of sodium nitrite
and phenol or anisol derivatives in concentrated sulfuric acid were added to the
reaction mixtures. The mixtures were then stirred at room temperature to give
the triphenylmethanol 1a-k derivatives which were further purified on CombiFlash Rf-200 chromatography to yield pure products (63% - 87%).
For the synthesis of tris(2-(hydroxymethyl)phenol derivatives, the reduction
of 5,5',5"-(hydroxymethanetriyl)tris(2-hydroxybenzoic acid) (1a) in the presence
of hydrogen (H2) and palladium/charcoal afforded 5,5',5"-methanetriyltris
(2-hydroxybenzoic acid) (2). Further reduction of 2 with a borane solution in
THF gave 4,4',4"-methanetriyltris(2-(hydroxymethyl)phenol) (3). The reduction
of (1b) with a suspension of LiAlH4 in THF produced
4,4',4"-(hydroxymethanetriyl)tris(2-(hydroxymethyl)phenol) (4). Scheme 2 illustrates the synthesis of tris(2-(hydroxymethyl)phenol) derivatives 3, 4.
The synthesized compounds 1a-k, 3 and 4 were then evaluated as indicators
for the acid-base volumetric titration of a standard solution of 0.001 M HCl with
a standard solution of 0.001 M NaOH. The experiments showed a sharp color
change of the solution from light yellow to light green at pH = 6.44 - 7.08 for 1a,
from light yellow to dark green at pH = 6.59 - 8.18 for 1b, from light violet to
dark red at pH = 6.56 - 7.82 for 1c, from light yellow to dark violet at pH = 6.45 7.53 for 1d, from yellow to dark green at pH = 6.87 - 8.24 for 1e, from orange to
dark violet at pH = 6.55 - 7.78 for 1f, from colorless to light red at pH = 6.79 8.34 for 1g, from colorless to red at pH = 7.02 - 7.53 for 1h, from yellow to dark
violet at pH = 6.85 - 7.59 for 1i, from light violet to red at pH = 7.24 - 7.78 for 1j,
from colorless to blue violet at pH = 6.70 - 7.86 for 1k, from dark orange to light
yellow at pH = 7.43 - 8.12 for 3 and from dark red to light yellow at pH = 6.45 7.23 for 4. These indicators may have potential applications for acid-base titrations in a narrow range.
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Scheme 2. Synthesis of triphenylmethanoltris(2-(hydroxymethyl)phenol derivatives 3,
4.
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3. Experimental
General Information: The chemical structures of products were characterized
by a PE Biosystems Mariner API time-of-flight electrospray mass spectrometer.
The volumetric titration with standard solutions of 0.001 M NaOH and 0.001 M
HCl were done at 25˚C and pKa values were calculated by Henderson–Hasselbalch
equation for the neutralization equilibrium point. The product yields for triphenylmethanol derivatives (1a-k) were calculated based on 1,3,5-trioxane starting
material as a limiting reagent, i.e. the weight of pure isolated product was divided to the theoretical weight of the product assuming complete reaction and
consumption of limiting reagent (trioxane) in course of the reaction.

3.1. Preparation of Triphenylmethanol Derivatives (1a-k)
1,3,5-trioxane (15 mmole) was added to salicylic acid, methyl salicylate,
2-methoxyphenol, 2-fluoroanisole, 2-chloroanisole, 2-bromoanisole,
2-(trifluoromethyl) anisole, 2-methoxybenzonitrile, 2-methylanisole,
1,2-dimethoxybenzene or 2-methoxybenzaldehyde solutions (100 mmole) in 10
mL glacial acetic acid. The mixtures were heated to reach to 90˚C - 95˚C, then 1
mL of a mixture of sulfuric acid: glacial acetic acid (1:5, v/v) was added dropwise
and the solution and the stirring were continued for 5 h at 90˚C - 96˚C. The
reaction mixture was then cooled down to 0˚C using an ice bath and a homogenous solution of sodium nitrite (1.0 g, 15 mmole) and salicylic acid, methyl salicylate, 2-methoxyphenol, 2-fluoroanisole, 2-chloroanisole, 2-bromoanisole,
2-(trifluoromethyl) anisole, 2-methoxybenzonitrile, 2-methylanisole,
1,2-dimethoxybenzene or 2-methoxybenzaldehyde (15 mmole) in 10 ml concentrated sulfuric acid was added to the reaction mixture. The ice bath was removed
and the stirring was continued at room temperature for an additional 24 hr. The
mixture was then poured into crushed ice (100 g) with stirring. The precipitate
was filtered off, dried under vacuum and was further purified on C18 column and
hexanes/ethyl acetate as solvent using a TeledyneCombiFlash® Rf-200 chromatography machine with the gradient system set at a constant flow rate of 25
ml/min to yield pure products in 63% - 87% yield. 5,5',5''-methanetriyltris
(2-hydroxybenzoic acid) (1a) (4.43 g, 67%), MS (ESI-TOF) (m/z) calcd. 441.1,
found 441.2 [M + H]+; trimethyl 5,5',5''-(hydroxymethanetriyl)
tris(2-hydroxybenzoate) (1b), (5.57 g, 77%), MS (ESI-TOF) (m/z) calcd. 483.1,
found 483.1 [M + H]+; tris(3-hydroxy-4-methoxyphenyl)methanol (1c), (4.72 g,
79%), MS (ESI-TOF) (m/z) calcd. 421.1, found 421.2 [M + Na]+;
tris(3-fluoro-4-methoxyphenyl)methanol (1d), (3.83 g, 63%), MS (ESI-TOF)
(m/z) calcd. 405.1, found 405.0 [M + H]+;
tris(3-chloro-4-methoxyphenyl)methanol (1e), (4.51 g, 66%), MS (ESI-TOF)
(m/z) calcd. 453.0, found 452.9 [M + H]+;
tris(3-bromo-4-methoxyphenyl)methanol (1f), (6.43 g, 73%), MS (ESI-TOF)
(m/z) calcd. 584.9, found 584.9 [M + H]+;
tris(3-trifluoromethyl-4-methoxyphenyl)methanol (1g), (5.91 g, 71%), MS
(ESI-TOF) (m/z) calcd. 555.1, found 555.1 [M + H]+;
DOI: 10.4236/jasmi.2019.92002
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tris(3-cyano-4-methoxyphenyl)methanol (1h) (4.59 g, 72%), MS (ESI-TOF)
(m/z) calcd. 448.1, found 448.0 [M + Na]+;
tris(3-methyl-4-methoxyphenyl)methanol (1i), (4.77 g, 81%), MS (ESI-TOF)
(m/z) calcd. 415.2, found 415.3 [M + Na]+; tris(3,4-dimethoxyphenyl)methanol
(1j), (5.75 g, 87%), MS (ESI-TOF) (m/z) calcd. 441.2, found 441.1 [M + H]+;
5,5',5''-(hydroxymethanetriyl)tris(2-methoxybenzaldehyde) (1k), (4.37 g, 67%),
MS (ESI-TOF) (m/z) calcd. 457.1, found 457.1 [M + Na]+.

3.2. Preparation of 5,5',5''-Methanetriyltris(2-Hydroxybenzoic
Acid) (2)
5,5',5''-(hydroxymethanetriyl)tris(2-hydroxybenzoic acid); (1) (2.20 gm, 5 mmol)
was added into absolute ethanol (50 mL). Palladium/charcoal (10%, 100 mg) was
added to the solution and the mixture was shaken under hydrogen gas at 60 psi
using a hydrogenation apparatus for 96 h. Then the Palladium/charcoal catalyst
was filtered off using celite and washed with ethanol. The solvent of filtrate was
removed under reduced pressure to yield
5,5',5''-methanetriyltris(2-hydroxybenzoic acid) (2) (1.89 g, 89%). MS (ESI-TOF)
(m/z) calcd. 425.0873, found 425.0894 [M + H]+, Melting point 280˚C - 282˚C. This
dark red product was used for the next step of reaction without further purification.

3.3. Preparation of
4,4',4''-Methanetriyltris(2-(Hydroxymethyl)Phenol) (3)
5,5',5''-methanetriyltris(2-hydroxybenzoic acid) (2), (1.50 gm, 3.5 mmol) was
dissolved in 50 mL THF under anhydrous condition [15] [16]. The solution
which was equipped with a magnetic stirrer and ice bath, was cooled down to
0˚C and then a 1M borane solution in THF (45 mL, 45 mmol) was added dropwise over a period of 90 min. After the completion of addition of 1M borane solution, the ice bath was removed, and the reaction mixture was allowed to warm
up to room temperature. The resulting mixture was stirred for 1 hr at room
temperature and then was refluxed at 65˚C for 3 hrs. At the end of which analysis of a small aliquot of the reaction mixture indicated the completion of the
reaction. The reaction mixture was carefully quenched with 15 mL of water,
concentrated by rotary evaporation, and then was made acidic with a pH of 6.5
by addition of 1N HCl and subsequently extracted with Et2O. The organic layer
was dried over MgSO4, filtered off and the solvent was removed by rotary evaporation. The product was isolated by flash chromatography on silica gel using
EtOAc: MeOH (1:1 v/v) as eluent to yield pure 4,4',4''-methanetriyltris(2-(hydroxymethyl)phenol) (3) (1.02 g, 76%). MS (ESI-TOF) (m/z) calcd. 383.1495,
found 383.1612 [M + H]+. The compound’s color was pinkish red.

3.4. Preparation of
4,4',4''-(Hydroxymethanetriyl)tris(2-(hydroxymethyl)
phenol) 4
A suspension of LiAlH4 (3.0 g, 80 mmol) in 50 mL anhydrous THF was preDOI: 10.4236/jasmi.2019.92002
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pared. The suspension was cooled down to 0˚C using an ice bath. Then a solution of trimethyl 5,5',5''-(hydroxymethanetriyl)tris(2-hydroxybenzoate) (1b), (2
g, 4.15 mmol) in 50 mL anhydrous THF was added dropwise to the LiAlH4 solution during 1 h at 0˚C. Then the ice bath was removed and after reaching room
temperature, the mixture was refluxed for 4 h. The reaction mixture was then
cooled to room temperature and quenched by the sequential addition of 3 mL of
water, 15 mL of 10% sulfuric acid. Then the organic solvent was removed under
vacuum and the residue was extracted using of diethyl ether (3 × 50 mL). The
combined filtrate was dried over anhydrous sodium sulphate and the solvent was
removed under vacuum. The product was isolated by flash chromatography on
silica gel using Et2O: MeOH (1:1 v/v) as eluent to yield
4,4',4''-(hydroxymethanetriyl)tris(2-(hydroxymethyl)phenol) (4), (1.16 g, 70%).
The color of the product was dark red. MS (ESI-TOF) (m/z) calcd. 399.1444,
found 399.1456 [M + H]+.

3.5. Volumetric Titration of a Standard Solution of 0.001 M HCl
with a Standard Solution of 0.001 M NaOH Using (1a-k), (3)
and (4) as Acid-Base Indicator
The solutions of synthesized indicator compounds (1a-k), (3) and (4) were prepared by dissolving 0.25 g of each compound in ethanol to the final volume of 25
mL at room temperature followed by stirring for 10 min. Then the indicator was
poured into a 25 mL bottle fitted with an eye dropper. 25 mL of a standard solution of 0.001 M HCl was placed in a 100 mL Erlenmeyer flask and after addition of
4 - 6 drops of indicator (1a-k), (3) and (4) solution, the titration was started with a
standard solution of 0.001 M NaOH. The pH of HCl solution in the Erlenmeyer
flask was carefully monitored with a FisherbrandTM accumetTM AB15 Basic pH
Meter equipped with a conventional glass pH electrode during the titration. The
color of the solution around the neutralization point was suddenly changed. Further increasing of the pH did not significantly change the color of the solution.
The experiments were repeated 3 times for each compound.

4. Results
The triphenylmethanol derivatives are aromatic compounds, however in basic
solutions, the aromaticity of phenolic rings is isolated. By decreasing the pH in
acidic solutions, the hydroxy group of triphenylmethanol can absorb a proton
and be eliminated from the molecule. The driving force for such a phenomenon
is the chance of forming an integrated resonance system that is more stable. This
phenomenon is responsible for changing the color in acidic and basic solutions.
i.e. the isolated and integrated resonance systems absorb different wavelengths
of light, therefore show different colors. Scheme 3 illustrates a mechanism of
resonance structure conversion of triphenylmethanol derivatives 1a-k in basic
and acidic solutions. Similar mechanisms may apply to indicator 3 and 4.
Table 1 indicates the color change, pH range for the color transition and pKa
values of indicator compounds (1a-k), (3) and (4). The pKa values were calculated
DOI: 10.4236/jasmi.2019.92002

18

Journal of Analytical Sciences, Methods and Instrumentation

R. Beni et al.
X

X

Y
OH

Y
X

Y

H

X

1a-k

Y
OH2

Y

Y

X

-H2O

X

Isolated resonance system
(basic solutions)
X

X

Y

Y

Y

Y

Y

Y

X

X

X

X

Integrated resonance system
(acidic solutions)

Scheme 3. Resonance structure of triphenylmethanol derivatives 1a-k in basic and acidic
solutions.
Table 1. Color change, pH range for the color transition and pKa values of indicator
compounds 1a-k, 3 and 4.
Indicator

pKa

Color change

pH range

1a

6.83

Light yellow to light green

6.44 - 7.08

1b

7.22

Light yellow to dark green

6.59 - 8.18

1c

7.57

Light violet to dark red

6.56 - 7.82

1d

6.93

Light yellow to dark violet

6.45 - 7.53

1e

7.56

Yellow to dark green

6.87 - 8.24

1f

7.34

Orange to dark violet

6.55 - 7.78

1g

8.12

Colorless to light red

6.79 - 8.34

1h

7.38

Colorless to red

7.02 - 7.53

1i

7.47

Yellow to dark violet

6.85 - 7.59

1j

7.21

Light violet to red

7.24 - 7.78

1k

6.95

Colorless to blue violet

6.70 - 7.86

3

7.64

Dark orange to light yellow

7.43 - 8.12

4

6.86

Dark red to light yellow

6.45 - 7.23

according to Henderson-Hasselbalch equation for the neutralization equilibrium
point at 25˚C. Table 1 shows the titration results and pKa values of indicators.

5. Conclusion
In summary, twelve triphenylmethanol and one tris(2-(hydroxymethyl)phenol
derivatives were synthesized and tested as acid-base indicators. The experiments
showed a sharp color change of the solutions near neutralization point for most
DOI: 10.4236/jasmi.2019.92002
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indicators. These indicators may have potential applications for acid-base titrations in a narrow range.
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