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Abstract — A green mechanochemistry synthesis protocol achieved a one-pot
synthesis of novel thiazoles linked to 2H-chromen-2-one. Chemical
transformations were performed in a ball mill without requiring bulk dissolution of
reactants. Using a simple one-pot reaction, the compounds were synthesized with
good vyields and in a short reaction time. Under ball-milling conditions,
thiosemicarbazide, 3-(bromoacetyl)-2H-chromen-2-one, and aromatic aldehyde
were milled in a three-component one-pot reaction utilizing silica triflate (STF) as
solid acid catalyst. The reactions were completed in 20 min in 90-98% vyields. The
catalyst STF show good sustainability in which reused for six runs. *H NMR, *C
NMR, and mass spectroscopy were used to characterize the synthesized compounds.

Green chemistry has the primary inspiration for the rediscovery of mechanochemistry in organic synthesis.!
Chemical transformations are achieved by milling or grinding without bulk dissolution of reactants, which
is the hallmark of mechanochemistry.? Several parameters associated with ball milling can be optimized
for reactivity, including the frequency and medium-to-sample weight ratio, that are enclosed in solvent-free
reaction environments.®>* Among five-membered heterocyclic compounds, 1,3-thiazole is an important
structural analog with an extensive range of biological activities.>® On the other hand, there is also many
reports proving that 2H-chromen-2-one derivatives possess selective anti-cancer effects on different cancer
cell lines.>? In view of our interest in developing green synthetic pathways for the synthesis of heterocyclic
compounds for biological screening purposes,**® the present study was aimed to synthesize new 2H-

chromen-2-one linked to thiazole analogues via a green mechanochemistry synthesis protocol that avoids
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some reported drawbacks released from different reaction pathways that used for the synthesis of 2H-
chromen-2-one/thiazole such as limited substrate scope, use of organic solvents, low vyields, lengthy
reaction times and complicated workup procedures that require column chromatographic purification.t%-2?
Initially, we optimized the one-pot three-component reaction of equimolar amounts of 3-(2-bromoacetyl)-
2H-chromen-2-one (1a), thiosemicarbazide, and 4-trifluromethylbenzaldehyde (2a), in the presence of
different solid acid catalysts utilizing ball mill technique to generate 3-(2-(2-(4-

(trifluoromethyl)benzylidene)hydrazinyl)thiazol-4-yl)-2H-chromen-2-one (3a) (Scheme 1).
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Scheme 1. Optimizing the reaction conditions for the synthesis of 2H-chromen-2-one/thiazole analog
The first step involves studying the above model reaction over different solid acid catalysts such as silica
triflate, silica sulfuric acid, acidic alumina, and montmorillonite K10 (Table 1). These catalysts are chosen

based on their low environmental impact and reusability.

Table 1. Catalyst screening for the synthesis of 3a under ball mill technique

Entry  Catalyst Time Yield
1 silica triflate (STF) 15 min 99%
2 silica sulfuric acid (SSA) 30 min 92%
3 acidic alumina 60 min 75%
4 montmorillonite K10 30 min 94%

Table 1 shows that the best yield attained 99% of the desired product 3a using silica triflate (STF) in only
15 min. (entryl). Furthermore, a relatively lower product’s yield in longer period of time (94%, 30 min and
92%, 30 min) was attained using montmorillonite K10 and silica sulfuric acid (SSA) catalysts, respectively
(entries 4,2). Moreover, when using acidic alumina as a catalyst, the obtained yield 75% in 60 min. (entry
3).
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To get the best-optimized reaction conditions for the best solid catalyst (STF), we performed a run of
experiments under different parameters such as milling frequency and impact force (controlled in ball
milling by varying the number and size of milling balls). The reaction progress was monitored using thin-
layer chromatography (TLC) for the model reaction (Scheme 1) under ball milling. The results obtained

from the catalytic test reaction were cited in Table 2.

Table 2. Optimizing the reaction conditions™ for the synthesis of 3a under different ball mill conditions

using STF catalyst

Entry Frequency  STF Catalyst  Number of milling balls™  Reaction time Yield
weight (g)
1 30 Hz 04 1 30 min 87%
2 30 Hz 04 2 15 min 99%
3 30 Hz 0.4 3 15 min 97%
4 30 Hz 0.5 2 15 min 99%
5 30 Hz 0.3 2 15 min 93%
6 15 Hz 04 2 120 min 60%
7 20 Hz 0.4 2 90 min 7%
8 25 Hz 0.4 2 45 min 83%

*Reaction conditions: Equimolar amounts of 3-(2-bromoacetyl)-2H-chromen-2-one (1a),
thiosemicarbazide, and 4-trifluromethylbenzaldehyde (2a), in presence of 0.4 g
STF catalyst.

**Ball diameter 12 mm.

According to Table 2, the best time was 15 min, as determined by TLC when using two balls of 12 mm
diameter and carrying out the reaction at 30 Hz (entry 2). For product 3a, a minimum of two milling balls
are required for an accurate quantitative yield (entries 1-3). Also, the best reaction time and yield attained
at frequency 30 Hz with catalyst amount 0.4 g (entry 2, 4, 5). Additionally, 15 Hz, 20 Hz, and 25 Hz (entries
6-8) exhibit longer reaction times and lower yields.

The spectroscopic data of the obtained product is in complete agreement with the structure 3-(2-(2-(4-
(trifluoromethyl)benzylidene)hydrazinyl)thiazol-4-yl)-2H-chromen-2-one  (3a). The !H NMR of
compound 3a shows that three singlet signals at 6 7.82, 8.14 and 8.56 due to ethylenic proton, chromenone-
H4 and thiazole proton respectively, also, signals due to aromatic protons in addition to the DO
exchangeable signal at 6 12.5 due to NH protons (cf. Supporting Information). Noteworthy, sustainability
of STF catalyst was tested for several reaction runs (taking the synthesis of 3a as example under the
optimized reaction conditions). As soon as the reaction was complete, the catalyst was removed by filtration
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(cf. Experimental part), then placed in hot ethyl acetate and ultrasonically cleaned to remove any adsorbed
organic materials, and then dried. Using the same reaction conditions, the recovered catalyst was reused six
times. Regenerated catalyst continues to perform well under the same reaction conditions after six usages,
as shown in Figure 1. During the working up in each step, the catalyst lost weight which may explain the

slight decay in its catalytic activity observed on the sixth time.
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Figure 1. Reusability of STF catalyst

According to Scheme 2, a series of 2H-chromen-2-one/thiazole derivatives illustrates the scope and

generality of the reaction depicted in Scheme 1.

Ar
(@]

S ’ S>‘ i
2~—NH
R N Br s CHO silica triflate (STF) R NN
+ HZN_H NH +  Ar -
0o WQ ° P
%

ball mill technique
la,b 2a-c 30 Hz 3a-f

R=H,Br

Scheme 2. Synthesis of the 2H-chromen-2-one/thiazole derivatives under optimized conditions

The products 3a-f were obtained in excellent yields (96-99%) (Figure 2). All the obtained structures in
Figure 2 give satisfied elemental analysis and spectroscopic data (cf. Experimental section).
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Figure 2. Structures of the synthesized 2H-chromen-2-one/thiazole derivatives

In conclusion, a facile and efficient green method has been developed for the synthesis of 2H-chromen-2-

one/thiazole derivatives catalyzed by STF utilizing ball mill technique. As a result of this protocol, mild

reaction conditions are maintained, and the product is easily isolated in excellent yields.

EXPERIMENTAL

All organic solvents were purchased from commercial sources and used as received unless otherwise stated.

All other chemicals were purchased from Merck (Darmstadt, Germany), Sigma-Aldrich (St. Louis, MO) or

Acros Organics (part of Thermo Fisher Scientific, Waltham, MA) and used without further purification.

Thin-layer chromatography was performed on precoated Merck 60 GF254 silica gel plates with a

fluorescent indicator, and ultraviolet irradiation at 254 and 360 nm was used for detection. The melting
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points were measured on a Stuart melting point apparatus and not corrected. IR spectra were recorded on a
Smart iTR, which is an ultrahigh-performance, versatile attenuated total reflectance sampling accessory on
the Nicolet iS10 FT-IR spectrometer (Thermo Fisher Scientific). NMR spectra were recorded at 298 K on
a Bruker Avance 111 400 (9.4 T, 400.13 MHz for *H, 100.62 MHz for 13C) spectrometer (Bruker, Billerica,
MA) with a 5 mm BBFO probe. Chemical shifts (5 in ppm) are relative to internal standard DMSO-ds (&
2.50) for 'H NMR. Mass spectra were recorded on a Thermo Fisher Scientific 1SQ single-quadrupole GC—
MS. Elemental analyses were carried out on a Euro Vector C, H, N, S analyzer (EA3000 series). Single-
crystal X-ray diffraction analysis was performed using a Bruker APEX2. The ball mill was a Retch
MM2000 (Hanna, Germany). Silica triflate,? silica sulfuric acid,?* and 3-(2-bromoacetyl)-2H-chromen-2-
one derivatives 1a,b? were prepared according to the reported literature respectively.

General procedure for the synthesis of 2H-chromen-2-one/thiazole derivatives (3a-f)

STF catalyst (0.4 g) was added to a mixture of 3-(2-bromoacetyl)-2H-chromen-2-one (1a) (10 mmol),
thiosemicarbazide (10 mmol), and 4-trifluromethylbenzaldehyde (2a) (10 mmol) in a mortar, the grinded
blend, utilizing a pestle at ambient temperature, inserted in the 50 mL stainless steel jar equipped with two
stainless steel balls (12 mm in diameter). The jar was locked, and milling was carried out at the frequency
illustrated in Table 2. After 5 min, thin layer chromatography (TLC) was applied to follow up the reaction
progress. If necessary, the milling cycle was repeated until the reaction was complete. The product was
isolated by simple washing of the crude reaction residue with hot EtOAc and sonicated for 5 min to desorb
all adsorbed product on the surface of the catalyst, then remove the catalyst by filtration. Then the filtrate
was concentrated in vacuo under reduced pressure and the residual solid was taken in EtOH and filtered as
a pure product. Washing of the pre-used catalyst with EtOAc and drying prior to new catalytic test was
systematically followed. Compound 3a was attained utilizing different catalysts (cf. Table 1) using ball mill
technique. All the tested catalysts showed reasonable efficiency, but STF provided excellent effectiveness
with a high yield in a short period (Table 1). The synthesized compounds' representative spectral and
analytical data were depicted in the Supporting Information file.

Spectroscopic and analytical data of compounds 3a-f
3-(2-(2-(4-(Trifluoromethyl)benzylidene)hydrazinyl)thiazol-4-yl)-2H-chromen-2-one(3a): mp > 300
°C; IR (KBr) v/icm™: 3302 (NH), 1727 (C=0), 1591 (C=N). *H NMR (400 MHz, DMSO-ds), &: 7.41 (t, J
=7.5Hz 1H, ArH), 7.47 (d, J = 8.5 Hz, 1H, Ar-H), 7.62-7.66 (m, 1H, ArH), 7.78-7.81 (m, 2H, Ar-H), 7.82
(s, 1H, N=CH), 7.85-7.88 (m, 3H, ArH), 8.14 (s, 1H, chromenone-H4), 8.56 (s, 1H, thiazole proton), 12.48
(s, 1H, NH, D20 exchangeable); *C NMR (100 MHz, DMSO-dg), &: 111.55, 116.38, 119.63, 121.22,
125.21, 126.20, 127.27, 129.33, 129.90, 130.01, 132.25, 138.76, 140.37, 144.91, 146.12, 152.81, 159.22,
167.96; MS, m/z(%):415 (M™, 89) ; Anal. Calcd for CooH12F3N3O2S: C, 57.83; H, 2.91; N, 10.12; S, 7.72.
Found: C: 58.02; H, 2.87; N, 10.04; S, 7.66%.
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3-(2-(2-(3,4-Dimethoxybenzylidene)hydrazinyl)thiazol-4-yl)-2H-chromen-2-one (3b): mp > 300 °C; IR
(KBr) v/icm™: 3310 (NH), 1727 (C=0), 1601 (C=N). *H NMR (400 MHz, DMSO-ds), 8: 3.80 (s, 3H, OCH3),
3.82 (s, 3H, OCH3), 7.02 (d, J = 8.4 Hz 1H, ArH), 7.19 (d, J = 8.4 Hz, 1H, Ar-H), 7.28-7.29 (m, 1H, ArH),
7.38-7.47(m, 2H, Ar-H), 7.62-7.66 (m, 1H, ArH), 7.76 (s, 1H, N=CH), 7.86 (d, J = 6.4 Hz, 1H, ArH),
8.01(s, 1H, chromenone-H4), 8.55 (s, 1H, thiazole proton), 12.08 (s, 1H, NH, D,O exchangeable); *C
NMR (100 MHz, DMSO-ds), o: 55.86, 56.03, 108.76, 110.37, 113.22, 116.37, 119.21, 121.04, 125.21,
127.35, 129.28, 130.12, 133.23, 142.47, 143.11, 145.65, 149.51, 150.68, 152.78, 160.11, 168.24; MS,
m/z(%): 407 (M™, 91) ; Anal. Calcd for Co1H17N304S: C, 61.91; H, 4.21; N, 10.31; S, 7.87. Found: C: 62.09;
H, 4.18; N, 10.23; S, 7.80%.
3-(2-(2-(2-Hydroxy-3-methoxybenzylidene)hydrazinyl)thiazol-4-yl)-2H-chromen-2-one (3c): mp >
300 °C; IR (KBr) v/cm™: 3412 (OH), 3299 (NH), 1726 (C=0), 1603 (C=N). *H NMR (400 MHz, DMSO-
de), 6: 3.83 (s, 3H, OCH3), 6.84 (t, J = 7.2 Hz, 1H, ArH), 6.98 (d, J = 7.4 Hz, 1H, Ar-H), 7.26 (d,J=7.4
Hz, 1H, Ar-H), 7.40 (t, J = 7.8 Hz, 1H, Ar-H), 7.48 (d, J = 7.6 Hz, 1H, Ar-H), 7.64 (t, J = 7.4 Hz, 1H, Ar-
H), 7.77 (s, 1H, N=CH), 7.86 (d, J =6.9 Hz, 1H, Ar-H), 8.39(s, 1H, chromenone-H4), 8.55 (s, 1H, thiazole
proton), 9.43 (s, 1H, OH, D20 exchangeable), 12.16 (s, 1H, NH, D20 exchangeable); 3C NMR (100 MHz,
DMSO-ds), 6: 56.34, 110.91, 113.07, 116.36, 119.65, 119.75, 121.03, 122.25, 125.21, 128.26, 129.31,
132.19, 138.69, 140.90, 145.92, 148.48, 152.51, 152.79, 159.49, 167.96 ; MS, m/z(%): 393 (M* 89) ; Anal.
Calcd for C20H15N304S: C, 61.06; H, 3.84; N, 10.68; S, 8.15. Found: C: 61.25; H, 3.79; N, 10.59; S, 8.10%.
6-Bromo-3-(2-(2-(4-(trifluoromethyl)benzylidene)hydrazinyl)thiazol-4-yl)-2H-chromen-2-one  (3d):
mp > 300 °C; IR (KBr) v/cm™: 3316 (NH), 1723 (C=0), 1599 (C=N). *H NMR (400 MHz, DMSO-ds), &:
7.43 (d, J=8.8 Hz 1H, ArH), 7.76-7.81 (m, 3H, Ar-H), 7.85-7.88 (m, 2H, ArH), 7.89 (s, 1H, N=CH), 8.14
(s, 1H, chromenone-H5), 8.15 (s, 1H, chromenone-H4), 8.46 (s, 1H, thiazole proton), 12.49 (s, 1H, NH,
D,0 exchangeable); 1*C NMR (100 MHz, DMSO-de), &: 112.42, 116.85, 118.63, 121.63, 126.25, 127.29,
130.11, 131.20, 133.75, 134.44, 137.32, 140.48, 143.29, 144.29, 151.81, 159.56, 167.19; MS, m/z(%): 492
(M*, 63); Anal. Calcd for C2oH11BrFsNsO-S: C, 48.60; H, 2.24; N, 8.50; S, 6.49. Found: C: 48.77; H, 2.22;
N, 8.41; S, 6.43%.
6-Bromo-3-(2-(2-(3,4-dimethoxybenzylidene)hydrazinyl)thiazol-4-yl)-2H-chromen-2-one (3e): mp >
300 °C; IR (KBr) v/cm™: 3308 (NH), 1726 (C=0), 1601 (C=N). *H NMR (400 MHz, DMSO-dg), 5: 3.85
(s, 3H, OCHj3), 3.87 (s, 3H, OCH3), 7.06 (d, J = 8 Hz 1H, ArH), 7.22 (d, J = 8 Hz, 1H, Ar-H), 7.33 (s, 1H,
ArH), 7.48 (d, J = 8.2 Hz, 1H, Ar-H), 7.77-7.84 (m, 2H, ArH), 8.06 (s, 1H, N=CH), 8.18 (s, 1H,
chromenone-H5), 8.19 (s, 1H, chromenone-H4), 8.53 (s, 1H, thiazole proton), 12.16 (s, 1H, NH, D.O
exchangeable); 3C NMR (100 MHz, DMSO-ds), §: 55.85, 56.05, 108.75, 111.73, 112.18, 116.83, 118.61,
120.91, 124.22, 127.51, 131.14, 137.15, 142.57, 143.95, 145.06, 150.69, 151.78, 158.78, 167.02; MS,
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m/z(%): 485 (M+, 79); Anal. Calcd for C2:H16BrN3O4S: C, 51.86; H, 3.32; N, 8.64; S, 6.59. Found: C:
52.04; H, 3.28; N, 8.56; S, 6.53%.
6-Bromo-3-(2-(2-(2-hydroxy-3-methoxybenzylidene)hydrazinyl)thiazol-4-yl)-2H-chromen-2-one
(3f): mp > 300 °C; IR (KBr) v/icm™: 3432 (OH), 3308 (NH), 1721 (C=0), 1603 (C=N). *H NMR (400 MHz,
DMSO-de), 8: 3.83 (s, 3H, OCHa), 6.84 (t, J = 7.9 Hz, 1H, ArH), 6.98 (d, J = 6.7 Hz, 1H, Ar-H), 7.26 (d,
J=6.7Hz, 1H, Ar-H), 7.43 (d, J = 8.8 Hz, 1H, Ar-H), 7.76 (d, J = 8.8 Hz, 1H, Ar-H), 7.81 (s, 1H, N=CH),
7.87-7.88 (m, 1H, ArH), 8.15 (s, 1H, chromenone-H5), 8.39(s, 1H, chromenone-H4), 8.49 (s, 1H, thiazole
proton), 9.42 (s, 1H, OH, D20 exchangeable), 12.18 (s, 1H, NH, D20 exchangeable); 3C NMR (100 MHz,
DMSO-ds), 6: 56.34, 111.77, 113.08, 116.84, 118.05, 118.61, 119.75, 121.03, 121.66, 131.17, 134.83,
137.24,140.18, 144.27, 145.94, 148.48, 151.79, 158.78, 168.04; MS, m/z(%): 470 (M+, 77) ; Anal. Calcd
for C20H14BrN3O4S: C, 50.86; H, 2.99; N, 8.90; S, 6.79. Found: C: 51.05; H, 2.94; N, 8.83; S, 6.72%.

ACKNOWLEDGEMENTS
This project was funded by the Deanship of Scientific Research (DSR), University of Jeddah, Jeddah, Saudi
Arabia under grant no. (UJ-15-18-DR). The authors, therefore, acknowledge with thanks DSR technical

and financial support.

REFERENCES

1. R.B.N.BaigandR. S. Varma, Chem. Soc. Rev., 2012, 41, 1559.

2. C.Jiménez-Gonzélez, D. J. C. Constable, and C. S. Ponder, Chem. Soc. Rev., 2012, 41, 1485.

3. A. Stolle, R. Schmidt, and K. Jacob, Faraday Discuss., 2014, 170, 267.

4. R. Schmidt, C. F. Burmeister, M. Balaz, A. Kwade, and A. Stolle, Org. Process Res. Dev., 2015, 19,

427.

I. Yavari, A. Malekafzali, and S. Seyfi, J. Iran. Chem. Soc., 2013, 11, 285.

6. P. Campiglia, M. Scrima, M. Grimaldi, G. Cioffi, A. Bertamino, M. Sala, C. Aquino, |I. Gomez-
Monterrey, P. Grieco, E. Novellino, and A. M. D’Ursi, Chem. Biol. Drug Des., 2009, 74, 224.

7. J. Roger, R. Gillespie, I. A. Cliffe, E. Claire, G. Dawson, T. Colin, H. Dourish, L. R. Paul, L. Giles,
M. Allan, R. Antony, L. Knight, L. Anthony, L. Joanne, M. Anila, M. P. Robert, S. Richard, J. Todd,
U. Rebecca, M. W. Scott, and S. W. Douglas, Bioorg. Med. Chem. Lett., 2008, 18, 2920.

8. V. Jaishree, N. Ramdas, J. Sachin, and B. Ramesh, J. Saudi Chem. Soc., 2012, 16, 371.

9. J R.Hwu,S.Y.Lin, S.C. Tsay, E. C. De, P. Leyssen, and J. Neyts, J. Med. Chem., 2011, 54, 2114.

10. I. Kostova, Expert Opin. Drug Discov., 2007, 2, 1605.

o



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

HETEROCYCLES, Vol. 104, No. 12, 2022 2203

K. M. Amin, A. A. M. Eissa, S. M. Abou-Seri, F. M. Awadallah, and G. S. Hassan, Eur. J. Med. Chem.,
2013, 60, 187.

K. B. Puttaraju, K. Shivashankar, K. Chandra, M. Mahendra, V. P. Rasal, V. P. N. Venkata Vivek, K.
Rai, and M. B. Chanu, Eur. J. Med. Chem., 2013, 69, 316.

T.S. Saleh, A. S. Al-Bogami, A. E. M. Mekky, and H. Z. Alkhathlan, Ultrason. Sonochem., 2017, 36,
474,

T. S. Saleh, K. Narasimharao, N. S. Ahmed, S. A. Al-Thabaiti, and M. Mokhtar, J. Mol. Catal. A:
Chem., 2013, 367, 12.

K. Narasimharao, E. Al-Sabban, T. S. Saleh, A. G. Gallastegui, A. C. Sanfiz, S. N. Basahel, S. Al-
Thabaiti, A. Alyoubi, A. Obaid, and M. Mokhtar, J. Mol. Catal. A: Chem., 2013, 379, 152.

F. A. Bassyouni, T. S. Saleh, M. M. ElHefnawi, S. I. Abd EI-Moez, W. M. EI-Senousy, and M. E.
Abdel-Rehim, Arch. Pharm. Res., 2012, 35, 2063.

A. Shahid, N. S. Ahmed, T. S. Saleh, S. A. Al-Thabaiti, S. N. Basahel, W. Schwieger, and M.
Mokhtar, Catalysts, 2017, 7, 84.

A. S. Al-Bogami, Tamer S. Saleh, and A. H. El-Shareef, J. Heterocycl. Chem., 2020, 57, 3605.

R. Pundeer, V. K. Sushma, O. Prakash, and S. C. Bhatia, Pharm. Chem., 2011, 3, 109.

A.Ignat, T. Lovasz, M. Vasilescu, E. Fischer-Fodor, C. B. Tatomir, C. Cristea, L. Silaghi-Dumitrescu,
and V. Zaharia, Arch. Pharm. Chem. Life Sci., 2012, 345, 574.

D. N. Zhang, J. T. Li, Y. L. Song, and G. F. Chen, Lett. Org. Chem., 2011, 8, 385.

H. Nagarajaiah, A. K. Mishra, and J. N. Moorthy, Org. Biomol. Chem., 2016, 14, 4129.

F. Shirini, K. Marjani, H. T. Nahzomi, and M. A. Zolfigol, Phosphorus, Sulfur Silicon Relat. Elem.,
2007, 182, 1245.

H. Wu, Y. Shen, L. Y. Fan, Y. Wan, and D. Q. Shi, Tetrahedron, 2006, 62, 7995.

N. Guravaiah and V. R. Rao, Phosphorus, Sulfur Silicon Relat. Elem., 2010, 185, 361.


about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
https://www.tandfonline.com/author/Shirini%2C+Farhad
https://www.tandfonline.com/author/Marjani%2C+Katayoun
https://www.tandfonline.com/author/Nahzomi%2C+Hossein+Taherpour
https://www.tandfonline.com/author/Zolfigol%2C+Mohammad+Ali



