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Abstract

The biowaste curd water generated after the curd formation was utilized as an acid catalytic green solvent for the syn-
thesis of 3,3-bisindolylmethanes derivatives. The soluble organic acid (i.e. lactic acid) responsible for the acidity to curd
water which adequately fulfills the purpose of acid catalyzed reaction, where 2 mol of indole reacted with an aldehyde
in the presence of curd water at a low temperature and yields classical 3,3-bisindolylmethanes derivatives. During the
reaction, continuous product formation and isolation was observed. The product precipitate was separated by the suc-
cessive method of filtration. This biowaste water catalyzed method is highly retrievable and advantageous over the trend
of high-temperature inorganic acid catalyzed reaction offering the effortlessly separable product.
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1 Introduction

Since the solvent and catalyst are the key component of
organic reaction, a challenge of benign solvent and acid
catalyst is an agenda of green chemical synthesis. Specific
features of green chemistry such as benign by design sus-
tainable products, environmental friendliness, easy separa-
tion, low preparation cost, high selectivity, low tempera-
ture are required for the true practice of green chemistry.
‘Green chemistry’is the principal and multi-dynamic field
in chemistry [1-3]. The use of the ideologies of green
chemistry can be evaluated for the sustainability of syn-
thetic protocols [4]. Several synthetic methodologies have
been carried out in green solvents in recent years, show-
ing most superior efficiency and selectivity than those
performed in conventional organic solvents [5]. In the
last 15 years, new nonconventional solvent alternatives
attracted the attention and began to change the practise
of conventional solvents. List of the benign and green
solvents includes water, ionic liquids, organic carbonates,
alcohols, as well as bio-solvents [6]. The reduction of the
use of solvent involves either making fully solvent-free or
use of innocuous solvents with recycling ability. In this
respect, use of clean and neat reaction [7] and using water
as solvent [8] or water substituted media [9] is favoured.
Unique reaction protocol involves high reactive selectivity
as well as better separation and purification ability of the
final product. In addition, the true green chemical reac-
tion is achieved by practising atom economy [10] and step
economy principal for designing more professional syn-
thetic technological process [11].

Curd is a dairy product prepared by curdling using
edible acidic substance like lemon juice or vinegar. The
remained draining homogeneous liquid after curd forma-
tion includes some soluble low molecular weight acidic
proteins [12]. Lactobacillus in milk sample triggered and
multiplied by the addition of old curd culture at an ambi-
ent temperature 30-40 °C [13, 14]. Yogurt/Dahi (Indian
term) is regularly consumed food material and a rich
source of protein. Curd water is waste material obtained
after curd and yogurt separation, which is commonly
known as whey [15]. Curd water is pale yellow color homo-
geneous low molecular weight proteinaceous liquid mate-
rial [16]. We have previously demonstrated the synthesis
of 3-carboxycoumarins at room temperature in banana
peels extract water [17]. The 3,3-bisindolylmethanes is
present in many natural products having significant bio-
efficacy [18]. Therefore, a number of procedures for the
preparation of bisindolylmethane derivatives have been
reported in the literature, using the action of indole with
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various aldehydes and ketones in the presence of either
a Lewis acid or Bronsted acid [19]. In continuation of that,
we have developed a simple and efficient protocol for the
synthesis of the label 3,3-bisindolylmethanes compounds.
The homogeneous curd water solution acts as a solvent,
offering decent reaction productivity. The underutilized
non-conventional solvent further encourages investiga-
tion of efficient green synthetic protocols which overcome
some inherent disadvantages cited.

2 Results and discussions

One-pot synthesis has been known for the synthesis of sev-
eral complex organic entities in pharmaceuticals industries
[17]. Various methodologies have been tried for this one-
pot synthesis, using different organic acids catalyst [20]. The
other organic acids like citric acid, tartaric acid, oxalic acid
have been reported as a catalyst for the synthesis of various
important chemical reactions [21]. Apart from this conven-
tional source, some biological materials like banana peel
biowaste water extract have been already reported in the
earlier study for various reactions [22, 23]. In continuation
to that, with best of our knowledge, the reaction of 2 mol of
indoles (1) and 1 mol of aldehydes (2) was never reported
under catalyst-free conditions in curd water. We considered
here, the reaction of 2 mmol indoles (1) and 1 mol aldehyde
(2) as a typical model reaction. Further, the methodology
was extended for the synthesis of various 3,3-bisindolyl-
methanes derivatives. Thus, a high yield of 3,3-bisindolyl-
methanes (75-88%) was obtained (Table 2) in the presence
of curd water liquid. Curd water is a homogeneous, stable,
non-dispersed solution exists for a long time without segre-
gation overcoming the general problem of precipitation. The
lactic acid content in the curd water was confirmed for its
presence quantitatively by the standard method of analysis.
The lactic acid induced acidity was determined by the digital
pH meter as well as by the titration method with 0.1 N NaOH.
The lactic acid present in the curd water solution is responsi-
ble for the quantitative conversion of final compounds 3a-3j
(Table 1). Lactic acid imparts sufficient accessible acidity to
the solution which accelerates the conversion of indole and
aldehyde. It is worth observing that this work is an input
to the green chemistry protocol since the method is envi-
ronmentally benign. This method was further extended and
optimized for scope compounds (3a-3j), which were easily
separated. "H NMR and IR spectra characterization confirm
the formation of the final product. The presence of lactic
acid truly influences the formation of the final product as
depicted in the Reaction Scheme. The reaction sequence is
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Table 1 Physicochemical parameters of curd water

Parameters

Color Pale yellow
pH 3.6

Total acidity (%) 1.20£0.01
Total carbohydrate (g%) 0.22+0.03
Total protein (g%) 1.22+0.03

Results expressed in mean of three individual test with+standard
deviation

Table 2 Reusability of curd water

Cycle Time (h) Yield (%) Catalyst recovery
1st 35 88.23 Up to 80%
2nd 4.2 86.94 Up to 60%
3rd 5 85.12 Up to 40%

depicted in the Reaction Scheme started with the polarisa-
tion of benzaldehyde with the induced acidity of lactic acid
(a). Further nucleophilic substitution reaction of indole on
electron deficient carbonyl carbon of substituted benzalde-
hyde occurs (b). Further, the subsequent loss of proton adds
the indole substituent on substituted benzaldehyde (c). The
intermediate (b) forms in the vicinity of lactic acid, which is
responsible for polarisation of (c) ready to react further with
another mole of indole forms (d). Similar nucleophilic sub-
stitution reaction occurs with another mole of indole with
loss of water molecule to generate 3,3-bisindolylmethanes
(e). Several substituted aromatic aldehydes undergo an
electrophilic substitution reaction smoothly with indole, to
afford a wide range of substituted 3,3 bis(indolyl)methanes
with excellent yields. This method is also effective for alde-
hydes bearing electron-donating and electron -withdrawing
functional group.

2.1 Physico-chemical properties of curd water

The physicochemical properties of the curd water like pH,
total acidity, total carbohydrate, and total protein contents
were analyzed by standard methods. The pale colour water
was derived from curd and subjected to determine the
pH by digital pH meter (HANNA, instruments). The total
acidity (Titrable acidity) was determined by titration of
curd water against the 0.1 N NaOH solution with phenol-
phthalein indicator, and the total acidity was expressed in
percent (% lactic acid) by using the following formula [24].

% Lactic acid =

Vol. of 0.1 N NaOH required for neutralization x 0.009 «

The total carbohydrate and protein were estimated by
Phenol sulphuric acid [25] and Biuret method [26], respec-
tively, and the contents were calculated in gram % by using
standard graphs (S1). The physicochemical parameters of curd
water were determined, as shown in Table 1. The total acidity,
carbohydrate, and protein were found to be 1.20+0.01 (%),
0.22+0.03 and 1.22+0.03 (g%), respectively. The titrable acid-
ity was higher than the milk due to lactic acid fermentation,
which plays a vital role in the acceleration of organic reactions
like condensation, ring transformations, and multicomponent
reactions. The low percentage of carbohydrates indicates the
conversion of milk sugar into lactic acid.

3 Experimental

3.1 Procedure for the preparation of curd water
solvent

The curd was prepared in the laboratory using the 1% of Lac-
tic acid bacteria starter culture in 100 ml pasteurized warm
milk in aseptic condition and incubated at 37 °C for 48 h for
activation of the culture to set the curd. The water from the
freshly prepared curd was removed with a muslin cloth and
turbid liquid was collected. The turbid liquor was centrifuged
at 4000 rpm for 15 min and filtered to collect the liquor using
ordinary Whatman paper. This pale-yellow color liquid was
applied for further reaction.

3.2 Synthetic procedures

Initially, 2 mmol of indole and 1 mol substituted benzaldehyde
was properly mixed in RBF. 10 mL of curd water was added
and stirred the reaction mixture at room temperature. The pro-
gress of the reaction was monitored by TLC. Product formation
was observed, and the insoluble final product was crystallized
itself in the reaction mixture. After completion of the reaction
in necessitating time, the final product was separated by sub-
sequent filtration and washed with a required amount of hot
distilled water. Further product was recrystallized in methanol.
Further product was recrystallized in methanol. '"H NMR
(400 MHz) NMR spectra were recorded in DMSO-d6 on Bruker
AV-400 and Bruker DPX 400 MHz spectrometer with the pres-
ence of chemical shifts and reported in parts per million (d)
relative to internal standard tetramethylsilane. IR spectra
were obtained as mineral- oil mulls on a Spekord N80 spec-
trophotometer in the frequency of absorption (cm™).

3,3’-((4-nitrophenyl) methylene) bis(1H-indole) (3a): H
NMR (400 MHz, DMSO dé): 6 (ppm) 10.96 (s, 2H), 8.15 (d,

100

Weight of sample
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J=8Hz 2H),7.61(d,J=8Hz, 2H), 7.37 (d, J=8 Hz, 2H), 7.30
(d, J=8Hz, 2H), 7.06 (t, J=8 Hz, 2H), 6.95-6.76 (m, 4H), 6.04
(s, TH);IR v (cm™") (KBr): 3373, 2962, 1602, 1431.

3,3'-((4-chlorophenyl) methylene)bis(1H-indole) (3b):
TH-NMR (400 MHz, DMSO d6): & (ppm) 10.84 (s, 2H), 7.36~
7.32(m, 4H),7.31 (d, J=8 Hz, 2H), 7.27 (d, J=8 Hz, 2H), 7.06
(t, J=8Hz, 2H), 6.88 (t, J=8 Hz, 2H), 6.83 (s, 2H), 5.86 (s, TH).
IRv (cm™") (KBr): 3383, 2962, 1602, 1446.

3,3'-((2-bromophenyl) methylene)bis(1H-indole) (3¢):
TH-NMR (400 MHz, CDCl,): & (ppm) 7.86 (s, 2H), 7.26-7.46
(m, 5H),7.19(s, 1H), 7.16 (d, J=8 Hz, 1H), 7.12-7.05 (m, 2H),
7.04-7.00 (m, 1H), 6.96 (t, J=8 Hz, 2H), 6.55 (s, 2H), 6.27 (s,
TH). IRv (cm™) (KBr): 2954, 1606, 1440, 1033.

3,3’-(p-tolylmethylene) bis(1H-indole) (3d):
"H-NMR (400 MHz, CDCl5): & (ppm) 7.91 (s, 2H), 7.39 (d,
J=8Hz, 2H), 7.35 (d, J=8 Hz, 2H), 7.22 (d, J=8 Hz, 2H),
7.16 (t, J=8 Hz, 2H), 7.06 (d, J=8 Hz, 2H), 7.00 (t, /=8 Hz,
2H), 6.66 (s, 2H), 5.85 (s, TH), 2.31 (s, 3H). IR v (cm™") (KBr):
3321, 2960, 1602, 1431.

2-(di(1H-indol-3-yl) methyl)phenol (3e):
"H-NMR (400 MHz, CDCl,): 6 (ppm) 7.90 (s, 2H), 7.39 (d,
J=8Hz,2H),7.35(d, J=8 Hz, 2H), 7.22 (d, /=8 Hz, 2H), 7.16
(t, J=8 Hz, 2H), 7.08 (d, J=7.7 Hz, 2H), 7.00 (t, /=8 Hz, 2H),
6.65 (s, 2H), 5.85 (s, TH), 2.30 (s, 3H).IR v (cm™") (KBr): 3324,
2960, 1604, 1431.

3,3'-((4-methoxyphenyl) methylene)bis(1H-indole)
(3f): 'TH-NMR (400 MHz, CDCl,): & (ppm) 7.92 (s, 2H), 7.38
(d, J=8 Hz, 2H), 7.34 (d, J=8 Hz, 2H), 7.24 (d, J=8 Hz, 2H),
7.16 (t, J=8 Hz, 2H), 7.00 (t, J=8 Hz, 2H), 6.80 (d, J=8 Hz,
2H), 6.63 (s, 2H), 5.83 (s, TH), 3.75 (s, 3H). IR v (cm™") (KBr):
2962, 1602, 1456, 1280.

4-(di(1H-indol-3-yl) methyl)-2-methoxyphenol (3g):
"H-NMR (400 MHz, CDCls): & (ppm) 7.85 (s, 2H), 7.38 (d,
J=7.9Hz 2H),7.30 (d,J=8.1 Hz, 2H), 7.15 (t, J=7.6 Hz, 2H),
6.99 (t, J=7.5 Hz, 2H), 6.87 (s, TH), 6.83-6.74 (m, 2H), 6.58 (s,
2H), 5.79 (s, TH), 3.72 (s, 3H). IR v (cm™") (KBr): 3201, 2964,
1606, 1404, 1045.

2-(di(1H-indol-3-yl) methyl)-3-isopropyl-6-methyl-
phenol (3h): "TH NMR (400 MHz, CDCl;) 6 (ppm) 1.22 (d,
J=4.0Hz, 6H), 2.09 (s, 3H), 3.36-3.42 (m, J=4.0 Hz, 1H), 6.28
(s, 1H), 6.30 (d, J=8.0 Hz,1H), 6.71 (s, 2H), 6.89 (d, J=8.0 Hz,
1H), 6.70 (d, J=8.0 Hz, 2H), 7.06 (s, 1H), 7.17 (dd, J=8.0 Hz,
1H), 7.23 (dd, J=8.0 Hz, 1H) 7.31 (d, J=8.0 Hz, 2H), 7.33 (d,
J=8.0 Hz, 2H), 7.93 (s, 2H).IR v (cm™") (KBr): 3395, 3048,
2950, 2345, 1595, 1433, 750.

2-(di(1H-indol-3-yl) methyl)-6-isopropyl-3-methyl-
phenol (3i): "H NMR (400 MHz, CDCl5) 6 (ppm) 1.13 (d,
J=4.0Hz, 6H),2.42 (s, 3H), 3.08-3.15 (m, J=4.0 Hz, 1H), 6.13
(s,TH,), 6.25 (d, J=8.0Hz, 1H), 6.72 (s, 2H), 6.81 (d, J=8.0 Hz,
1H), 6.83 (d, J=8.0 Hz, 2H), 7.06 (s, 1H), 7.17 (dd, /=8.0 Hz,
1H), 7.21 (dd, J=8.0 Hz, TH),7.24 (d, J=8.0 Hz, 2H), 7.32 (d,
J=8.0 Hz, 2H), 7.92 (s, 2H).IR v (cm™") (KBr): 3395, 3048,
2950, 2345, 1595, 1433, 750.

4-allyl-2-(di(1H-indol-3-yl) methyl)-6-methoxyphenol
(3j): 'THNMR (400 MHz, CDCl;) 8 (ppm) 3.11 (d, J=12 Hz,
2H), 3.77 (s, 3H), 4.90-4.94 (m, 2H), 5.69 (s, 1H), 5.79-5.85
(dd, J=12 Hz, 1H), 6.21 (s, TH), 6.51 (d, J=8.0 Hz, 2H), 6.53
(d, J=8.0 Hz, 2H), 6.93-6.97 (m, 2H), 7.06-7.10 (m, 2H), 7.18
(s, 2H), 7.39 (d, 1H), 7.41(s, 1H), 7.58 (s, 2H).IR v (cm™") (KBr):
3455,3065, 3413,3054, 2496, 1611, 1428, 924.

3.3 Reusability study

Reuse of the catalyst during every cycle of reaction is the
symbol of decreasing environmental pollution. The reus-
ability of the curd water containing catalyst was studied
in the reaction of 4-nitrobenzaldehyde and indole in curd
water at room temperature with continues stirring. After
each cycle, the catalyst was recovered by simple filtration.
Due to the washing of the final product with water, the
mother liquor was diluted, the recovered dilute mother
liquor was reused three times, result in the loss of its activi-
ties (Table 2). After three cycles, the use of such catalyst
resulted in a lower yield of the product. It will not be sig-
nificant enough for continuous use, many washing of dis-
tilled water reduces its acidity (Table 3).

Reaction Scheme
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;?;I;isinz)gT;rrisei:hzfne under Sr.no. Structure Yield*  Recrystallized Time (h) Melting point

catalyst free condition in curd

Present (°C) Reported (°C)

water

1) 88.23% Methanol 35 216 220[27]

2) 84.62% Methanol 45 78 76 [27]

3) 87.21% Methanol 4 76 76 (28]

4) 78.23% Methanol 6 100 101 [28]

5) 82.25% Methanol 4 260 256 [28]

6) 75.25% Methanol 5 186 189 [29]
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Table 3 (continued)
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Sr.no. Structure Yield®  Recrystallized Time (h) Melting point
Present (°C) Reported (°C)
7) 88.68% Methanol 3 122 225[29]
8) 86.89% Methanol 3 112 110 [30]
9) 87.36% Methanol 3 100 102 [30]
10) 78.25% Methanol 4.5 100 98 [30]

?lsolated yield
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Plausible Mechanism

4 Conclusion

The present study introduced the new synthetic proto-
col for 3,3-bisindolylmethane derivatives, where lactic
acid induced acidity provides the catalytic support for
the given reaction. The homogeneous reaction condition
was achieved, and product separation by precipitation
was attained. The synthetic route defined here offers an
alternative to the available method for the preparation of
3,3-bisindolylmethane derivative. This reaction is advanta-
geous over the high temperature synthesis and tedious
product separation from the reaction mixture. The cata-
lyst free condition is a major advantage of bio-waste lig-
uid material, achieving a green alternative to the existing
protocols. This biowaste curd water is a potential solvent
to similar industrially applied reactions.
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