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tive chromatography (SPRC):
a sustainable method for the synthesis of
benzimidazol-diphenyl-2-imino-thiazolidine-4-ols
(hemiaminals) which are active against lung
cancer†

V. M. Bangade, *ab P. R. Malia and H. M. Meshram *a

The concept of a green approach has been applied in the reaction, separation and solidification of a single

unit. The products, 2-benzimidazol-diphenyl-2-imino-thiazolidine-4-ols, are purely hemiaminals. They

have a tendency to decompose at a high rate. The solid-phase reactive chromatographic technique has

been applied to avoid extensive liquid–liquid extraction and stabilised the product by precipitation in

solvents. Benzimidazole phenyl thiourea and phenacyl bromide have been used as starting materials in

this study. Both the starting materials are adsorbed on dry silica and packed in a glass column with

a systematic arrangement of layers. A directly solid product was precipitated in cold hexane. Anticancer

activities have been recorded against four cell lines, human colon, prostate, lung and breast cancer, with

reference to doxorubicin as a standard. These compounds show a promising effect on human lung

cancer, products B9 (IC50 ¼ 3.890 mM) and B10 (IC50 ¼ 2.798 mM) and B13 (IC50 ¼ 3.140 mM) which very

close to doxorubicine (IC50 ¼ 1.750 mM). It was observed that fluoro phenyl functionalities are effective

compared to trifluoro methyl phenyl functionalities for anticancer activities. These small molecules lose

their activities, except fluorination, on bulky substitution. This convenient metal-free approach is highly

efficient for unstable hemiaminals such as the potent anticancer benzimidazol-diphenyl-2-imino-

thiazolidine-4-ols.
Introduction

The solid-supported on-column reactions are extremely popular
because of their interesting applications like separation and
purication by skipping liquid–liquid extraction in a single
unit. Industrially viable chemical reactions have been devel-
oped in a manner that used recyclable solvents and reagents.
Because of bulky batches, industrial techniques avoid the
extraction process. Synthetic chemists are attentive towards
cumulative single unit reactions for directly converting reac-
tants into a pure product. There are important reactions per-
formed in a column using solid phase reagents and catalysts:1

asymmetric synthesis of beta-lactam,2 Wittig and Horner–
Emmons reaction,3 esterication,4 metathesis,5 Suzuki coupling
vision, CSIR-Indian Institute of Chemical
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4

reaction,6 and organocatalyzed Diels–Alder reaction.7 The
continuous ow method is one of the sequential column
methods in which reagents and catalysts on a solid phase
support are loaded onto sequential columns.8

Compounds with a tetrahedral carbon attached to both amino
nitrogen and hydroxyl groups are assigned as hemiaminals (carbi-
nolamines).9These are highly unstable intermediates in the reaction
of amine with carbonyl compounds. In the synthesis of thiazoles,
hemiaminals appeared only in the mechanism point of view but
were difficult to isolate as stable compounds.10,11 Synthesis of
a stable hemiaminal is a hey task for a synthetic chemist.

A literature survey reveals that 2-imino-thiazolidine-4-ols can
be prepared by the reaction of thiourea and 2-bromo-aceto-
phenone.12 Recently, Dalmal et al. synthesized 2-imino-4-
(triuoromethyl)thiazolidin-4-alcohols (hemiaminals) using 3-
bromo-1,1,1-triuoropropan-2-one, followed by subsequent
modications for the various derivatives of isoxazoles, prop-
argylamine and triazoles, which are biologically important
compounds.13 Not only Gunal et al. isolated hemiaminals10 but
also Tuncel and Dogan synthesized chiral hemiaminals by the
reduction of 2-iminothiazolidine-4-ones using LiAlH4.9 Hemi-
aminals can be stabilized using synthetic receptors,14 den-
drimers15 and triazole rings.16
© 2021 The Author(s). Published by the Royal Society of Chemistry
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Scheme 1 Synthesis of benzimidazol-diphenyl-2-imino-thiazolidine-
4-ol (hemiaminal) by column chromatography.
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In this study, we stabilized benzimidazol-diphenyl-2-imino-
thiazolidine-4-ols (hemiaminals) as the main products using
benzimidazol-phenyl thiourea derivative 1a and substituted 2-
bromo-acetophenone. Benzimidazole is a very important
heterocyclic component in medicinal chemistry and synthetic
chemistry. It is a unique bicyclic member of heterocyclic
compound for its nucleophilic and electrophilic reactions. The
reaction proceedings are diverse compared to other heterocyclic
compounds. In the reported list of the WHO (in year 2019),
triclabendazole is amedically approved essential medicine used
for fascioliasis and paragonimiasis in treating liver ukes.17

Tetra-substituted benzimidazole derivatives have anti-urease
activity.18 Benzimidazole derivatives are used for multipurpose
activities, such as antiviral, antitumor, antipyretic, and anti-
ulcer activities. Recently, Ozdemir et al. studied a series of
benzimidazole-piperazine hybrids for cytotoxic activity against
human lung cancer and breast cancer cell lines.19 Thus, the
synthesis of benzimidazole-based medicinally important
compounds is a robust target for a chemist.

It was observed that the reported methods for the synthesis
of 2-imino-thiazolidine-4-ol are acceptable but there are many
parameters that should be under modication for the best
results of hemiaminals. The time required for the reaction,
separation, purication and stability of product are major
factors responsible for the quality work of 2-imino-thiazolidine-
4-ol. The reported methods are not applicable to unstable
hemiaminals such as benzimidazol-diphenyl-2-imino-
thiazolidine-4-ol, which is a strong anticancer agents. Thus, it
is appreciated to develop a more viable and easy method for
synthesizing 2-imino-thiazolidine-4-ol. By compiling these
major factors and the combined advantage of benzimidazole
and 2-imino-thiazolidine, we envisaged to synthesize
benzimidazole-diphenyl-2-imino-thiazolidine-4-ol by column
chromatography. To our knowledge, there is no report for the
synthesis of hemiaminals such as benzimidazole-diphenyl-2-
imino-thiazolidine-4-ol by reaction, separation and solidica-
tion in a single unit.

There are different structural hemiaminals synthesized but
benzimidazole-diphenyl-2-imino-thiazolidine-4-ol hemiaminal
(B1) is exclusively different than other hemiaminals shown in
Fig. 1.

Fig. 1 shows the hemiaminals of triuoromethyl 2-bromoa-
cetophenone, Ac and Ad, which are highly stable. Hemiaminal
Ad may be highly stable due to benzimidazole ring. Similarly,
hemiaminal B1 is more stable than Aa because it has benz-
imidazole ring and Aa will appear as a mechanism point of view.
Though B1 is stable in a solid state, it has an unstable nature in
Fig. 1 Stability order of hemiaminals with respect to B1.

© 2021 The Author(s). Published by the Royal Society of Chemistry
the solution form. Both Ac and Ad are highly stable in solid and
solution. However, because of the benzimidazole ring, it may be
possible that Ad is stable than Ac.

We disclose herein an industrially viable method for the
synthesis of benzimidazole-diphenyl-2-imino-thiazolidine-4-ol
(hemiaminal) by regular column chromatography, which
combines reaction, separation and stabilization of product by
solidication in a cumulative single unit (Scheme 1). Note that
amino thiazolidine-4-ols show promising anticancer activities.
Results and discussion

We Initiated our efforts by attempting the reaction of 1-(1H-
benzo[d]imidazol-2-yl)-3-phenylthiourea 1a and 2-bromoaceto-
phenone 2a in THF at room temperature, and within a minute
we veried the progress of the reaction. The reaction was
monitored by TLC; to our surprise, it was completed with a high
rate of reaction. The reaction was extracted by ethyl acetate and
separated by column chromatography. At the time of separation
by column chromatography, we identied that the original
product started to decompose. Literature survey and our prac-
tical approaches reveal that 2-imino-thiazolidine-4-ol usually
undergoes decomposition.

As the rate of reaction was very high, due to the problem of
decomposition, we planned a silica-adsorbed column-based
reaction. Benzimidazol-phenyl thiourea 1a was dissolved in
minimum THF and adsorbed on silica (Merck 60–120 mesh
silica gel). 2-Bromoacetophenone 2a was then dissolved in
minimum THF and adsorbed on a silica gel. Both adsorbed
silica of 1a and 2a were packed in a glass column, which was
eluted by 5% (DCM: hexane). The eluent was then collected in
Fig. 2 Single crystal structure of B12.

RSC Adv., 2021, 11, 2320–2324 | 2321
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ice-cold hexane. Aer some time, we reported that a milky
precipitate started to appear in ice cold hexane. The column was
eluted till the precipitate appeared. The solid precipitate was
then ltered out with a sintered funnel, and the ltrate was
evaporated under the vacuum partially such that only DCM was
evaporated and the remaining product precipitated in hexane.
The product was then ltered and dried using a vacuum pump.
The product was characterized by NMR, ESI-mass, HRMS and
nally conrmed as benzimidazole-2-imino-thiazolidine-4-ol
(Fig. 2) by single crystal X-ray diffraction study.21

The column was prepared in such a manner that the total
length of the glass column was 100 cm, and there were ve
different silica layers we have packed in the column. Aer
a cotton plug at the bottom close to the stopcock, the rst layer
was packed by dry silica up to 5 cm for good separation. Then,
the second layer was packed by adsorbed silica of thiourea 1a
(should be long layer, up to 30–40 cm long). The third layer was
packed by dry silica gel up to 1–2 cm long. The fourth layer was
Fig. 3 Schematic diagram of column chromatography for the
synthesis of benzimidazol-diphenyl-2-imino-thiazolidine-4-ol.

2322 | RSC Adv., 2021, 11, 2320–2324
packed with silica adsorbed by 2a up to 05 cm long and was
covered by 1–2 cm long dry silica followed by a cotton plug to
stabilize the silica layer (Fig. 3).

The reaction was screened for a combination of solvents in
column chromatography. First, we attempted with 5% ethyl
acetate : hexane, but we could not get a good yield because the
product could not properly precipitate and was difficult to
recover the stable product from solvent during vacuum evapora-
tion at a low temperature. 5% DCM : hexane was best for good
product yield because the product easily precipitated in cold
hexane and DCM, and then easily evaporated at a low temperature
followed by precipitation. The 5% was justied from TLC of the
reaction such that the reaction in the columnwas completed in the
stipulated time. We have screened the percentage of solvent from
1% to 10% DCM: hexane, and nally conrmed that 5% was
suitable for optimum conversion of the product.

As the retention factor (Rf-value) of thiourea 1 was low, it was
moving slowly and Rf-value of 2a was higher than thiourea 1,
which wasmoving fast. Therefore, the height of the second layer
of silica adsorbed by thiourea 1 should be long enough such
that 2a will react with it and should not elute without reaction.

We explored the scope of this reaction with respect to the
substituents. We examined by choosing a synthesis of
benzimidazol-2-imino-thiazolidine-4-ol B1 as a model reaction
for optimization (Table 1, B1), the reaction of benzimidazol-
phenyl-thiourea 1 and 2-bromoacetophenone 2a in column at
room temperature using 5% DCM : hexane as a solvent for
column chromatography. The eluent from the column was
collected in ice cold hexane. The stabilized solid product was
afforded with high yield (95%, Table 1) of benzimidazole-2-imino-
thiazolidine-4-ol B1. In the electronic study of the substituent, the
electron withdrawing group on 2-bromoacetophenone led to
a high yield compared to electron donating groups (Table 1). The
efficiency of this protocol was successfully demonstrated by the
reaction of thiourea 1 and 3-bromo-1,1,1-triuoropropan-2-one
(Table 1, B14 and B15), although with a high yield (96 and 98%).
The reaction was sluggish for donating and fusing ring 2-((1H-
benzo[d]imidazol-2-yl)imino)-4-(naphthalen-2-yl)-3-
phenylthiazolidin-4-ol. This method provides easy access for
synthesizing hitherto unknown benzimidazole-biphenyl-
thiazolidin-4-ol and benzimidazole-phenyl-triuoro methyl-
thiazolidin-4-ol compounds (B1–B13 and B15).

The genesis of mechanism depends on the pKa values of
amines,20 i.e., the basicity of respective nitrogen of amines
(Scheme 2). Obviously, the nitrogen of benzimidazole is more
basic than aniline; thus, benzimidazole nitrogen was converted
to imine by attacking the 2-bromoacetophenone through sulfur.
In the next step, aniline nitrogen of thiourea underwent cycli-
zation by attacking carbonyl carbon and formed a benzimida-
zol-diphenyl-2-imino-thiazolidine-4-ol (B1). Thus, the stability
of product was maintained by the four bond distant benz-
imidazole ring as compared to hemiaminal Aa.

In terms of importance of these compounds, curiously we
observed that the anticancer activities of benzimidazol-
diphenyl-2-imino-thiazolidine-4-ols are really promising.
Though these moieties are smaller in size, their anticancer
activities are attractive than other hemiaminals prepared by
© 2021 The Author(s). Published by the Royal Society of Chemistry
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Scheme 2 Plausible mechanism for the synthesis of product B1.

Table 1 Scope of reaction for the synthesis of product Ba

a Reaction condition: benzimidazol-phenyl thiourea 1a (1 mmol) and
phenacyl bromide 2a (1 mmol), under column chromatography using
(5 : 95) (DCM : hexane) solvent at room temperature. b Yields are
reported aer solidication. c B14 prepared from diphenyl thiourea
and triuoro methane 2-bromoacetophenone. d B15 prepared from 1a
and triuoro methane 2-bromoacetophenone.
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View Article Online
earlier methods. All products were screened against the human
colon, prostate, lung and breast cancer cell lines by using
doxorubicin as a standard. Average values of three individual
experiments were recorded by 50% inhibitory concentration
aer 48 h of actual drug treatment. It is again worthy to note
that uorinating phenyl rings are exclusively effective against
lung cancer than triuoro methylating phenyl rings on
benzimidazol-diphenyl-2-imino-thiazolidine-4-ol. Thus, by the
© 2021 The Author(s). Published by the Royal Society of Chemistry
collected data, products B9 (IC50 ¼ 3.890 mM) and B10 (IC50 ¼
2.798 mM) and B13 (IC50 ¼ 3.140 mM) have been extensively
studied. It is again important to point out that due to the
increase in the size of this thiazolidin-4-ol by bulky substitution
on phenyl rings, there is a continuous decrease in the anti-
cancer activity of the respective compound. Thus, only uori-
nation or a small size benzimidazol-diphenyl-2-imino-
thiazolidine-4-ol is efficient for its anticancer activity.
Conclusions

In conclusion, the chemistry of the synthesis of hemiaminal
products is really challenging. We have proposed the synthesis
of hemiaminals, benzimidazol-diphenyl-2-imino-thiazolidine-
4-ol by column chromatography. The method is metal free,
catalyst free and highly efficient. The stability of hemiaminal
has been increased by the insertion of four bond distant benz-
imidazole ring. We have escaped the process of extraction and
protected the stability of product. Simultaneously, we per-
formed reaction, separation and solidication in a single unit.
The method is purely efficient, ecofriendly and sustainable for
a green approach. The benzimidazol-diphenyl-2-imino-
thiazolidine-4-ol products were screened against four human
colon, breast, lung and prostate cancer cell lines with respect to
doxorubicin as a standard. We are happy to mention that
uorinating phenyl rings in benzimidazol-diphenyl-2-imino-
thiazolidine-4-ol enhance anticancer activity, which is hitherto
unknown for lung cancer. Increasing the activity of these types
of compounds is going on in our laboratory.
Experimental section

Reactions were performed in oven-dried borosil glassware.
Commercial reagents were purchased from Sigma Aldrich,
Fluka or Alfa Aesar and used as-received. Anhydrous solvents
were purchased from Rankem. All solvents were distilled before
use. Thin layer chromatography (TLC) was performed using
precoated glass silica gel plates and visualized by UV uores-
cence of 254 nm short wavelength ultraviolet light. TLC was
exposed to iodine vapours and a solution of p-anisaldehyde (3 g
of p-anisaldehyde, 1 mL of AcOH and 3 mL of concentrated
H2SO4 in 125 mL of HPLC grade MeOH) followed by direct
heating on hot plate. Melting points were uncorrected. 1H NMR
and 13C NMR spectra were recorded on Bruker Avance 300 MHz,
500 MHz and 700 MHz NMR spectrometer. For 1H NMR,
chemical shis (d) were expressed in parts per million (ppm)
with respect to TMS as internal standards (0.00 ppm) and CDCl3
(d ¼ 77.0)/DMSO-d6 (39.43) used as internal standards for 13C
NMR. Coupling constants (J) were expressed in Hertz (Hz). Mass
spectra were recorded by using 70 eV spectrometer.
General procedure for the preparation of product
benzimidazol-2-imino-thiazolidine-4-ol B1

Benzimidazol-phenyl-thiourea 1a (1 mmol, 268 mg) was dis-
solved in minimum THF and 2-bromoacetophenone 2a
(1 mmol, 199 mg) was dissolved in minimum DCM at room
RSC Adv., 2021, 11, 2320–2324 | 2323
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temperature, and both the components adsorbed separately on
60–120 mess silica gel using vacuum pump.

The glass column of 100 cm length was prepared by ve
different silica layers. Aer cotton plug at bottom near to
stopcock, the rst layer was packed by dry silica up to 05 cm for
the good separation. Following the rst layer, the second layer
was packed by adsorbed silica of thiourea 1a (should be long
layer, up to 30–40 cm long). The third layer was packed by dry
silica gel up to 1–2 cm long. The fourth layer was packed with
silica adsorbed by 2a up to 05 cm long and this fourth layer
covered by 1–2 cm long dry silica followed by cotton plug to
stabilize silica layer. The reaction was performed in column
using 5% (DCM : hexane) as a solvent for column chromatog-
raphy. The eluent from column was collected in ice cold hexane.
Aer some time, white precipitate started to appear in cold
hexane, and the elution of column was continued without any
break using 5% (DCM : hexane) as a solvent. The beakers with
precipitated product were maintained at ice cold temperature.
When the white precipitate stopped to appear, we have closed
the stopcock to nish the reaction. The solid precipitate was
ltered out using vacuum pump. The ltrate was evaporated for
slow evaporation of DCM, and the solid product was precipi-
tated again in hexane which was ltered out using vacuum
pump. The dried solid benzimidazole-2-imino-thiazolidine-4-ol
B1 product was afforded with high yield (95%). The product B1
was characterized by 1H-NMR, 13C-NMR and ESI mass-HRMS.

Traditional method. 1-(1H-Benzo[d]imidazol-2-yl)-3-
phenylthiourea 1a (1 mmol, 268 mg) and 2-bromoacetophe-
none 2a (1 mmol, 199 mg) were dissolved separately in 2 mL
THF each. Both the solutions were mixed at room temperature
with constant stirring. Within a minute the turbidity appeared
with completion of reaction which was monitored by TLC. To
our surprise, reaction completed with a high rate of reaction.
The reaction was extracted by ethyl acetate and separated by
column chromatography. At the time of separation by column
chromatography, we found that the original product started to
decompose. With precise observation, the product decomposed
from the extraction step itself. As we could not get pure product,
we could not report the yield of pure product. The rate of
decomposition was also very high. Thus, it was conrmed that
by traditional method, we can synthesize the product
benzimidazole-2-imino-thiazolidine-4-ol B1 but it is very diffi-
cult to purify and characterize with purity.
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