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functionalized furans containing dialkyl phenol
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Abstract: In this study, arylglyoxals, acetylacetone, and 2,6-dimethyl phenol or 2,6-di-tert-butyl phenol are combined to efficiently
synthesize a series of 1-(4-(3,5-dialkylphenyl)-2-methyl-5-phenylfuran-3-yl) ethan-1-one derivatives in excellent yields. These reactions
were carried out in acetone at reflux under catalyst-free conditions in the presence of triethylamine as a base for 3 h. NMR, FT-IR,
EI-MS, and elemental studies were used to characterize the products’ structural characteristics. The present study has also several
benefits, such as excellent yields and the ease of workup procedure, making it an appealing, practical, and acceptable one-pot method
for producing functionalized derivatives of dialkyl furan.
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1. Introduction

The furan ring serves as an efficient building block for many biologically active targets, as well as the central component of
numerous significant polymers and natural chemicals. Several scaffolds containing furans are also preferred structures in
medicinal chemistry [1-3]. Furan derivatives are natural products found in various natural sources, mostly in plants, algae,
microorganisms, and structural motifs in biologically drug molecules (Figure) [4]. Furans are crucial chemical building
blocks for medicines, fine chemicals, and agrochemicals due to their low viscosity and strong reactivity [5,6]. According to
reports, furan derivatives exhibit a variety of biological and pharmacological actions, as well as agrochemical applications,
including those for treating cancer [7], amoebic infections [8], Alzheimer’s disease [9], diabetes [10], trypanosome infections
[11], malaria [12], and parasitic infections [13]. On the other hand, furans are frequently employed in organic thin-film
transistors [14], organic field-effect transistors [15], organic light-emitting diodes [16], organic semiconductors [17], and
luminescence [18]. These features have led to the design and development of new furan heterocycles with similar properties.

Multicomponent reactions (MCRs) are highly significant reactions in which, through a one-pot reaction, more than
three different reactants are directly converted into products. This method stands out as one of the most effective ways to
synthesize new heterocyclic compounds in a single step. One-pot MCRs are currently gaining traction over conventional
multistep organic synthesis due to their efficiency and practicality. This is because MCRs allow for the creation of
pharmacologically and medicinally active targets in a single step, thereby resulting in a wide range of molecular complexity
[19-21]. These reactions provide a clean reaction profile, high yield, and atom economy while enabling the formation
of new bonds in a single pot without the need for multiple stages. As a result, MCRs are becoming effective and potent
instruments for both industry and academia in contemporary synthetic organic chemistry.

Considering the role of furan derivatives in the pharmaceutical industry, their synthesis has been one of the goals of
chemists. Various methods for preparing dialkyl furan derivatives have been published [22-30]. However, most of these
methods suffer from one or more of the following drawbacks: the use of expensive or toxic catalyst, harsh reaction condition,
multistep synthesis, the requirement of advanced starting materials, high temperature, and the need for a chromatography
column to purify the products. The one-pot synthesis of 1-(4-(3,5-dialkylphenyl)-2-methyl-5-phenylfuran-3-yl) ethan-1-
one derivatives (4) from the reactions between arylglyoxals (1), acetylacetone (2), and phenols (3) is reported here as a
follow-up to our research on the one-pot synthesis of new functionalized furans with excellent yields (Scheme 1). In this
study, we aimed to prepare dialkyl furan under more simplified conditions.
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Scheme 1. One-pot reaction for the synthesis of 1-(4-(3,5-dialkylphenyl)-
2-methyl-5-phenylfuran-3-yl) ethan-1-one derivatives 4.

2. Experimental section

2.1. General information

All the chemicals used in this study were purchased from Merck (Darmstadt, Germany) and Fluka (Buchs, Switzerland)
and were used without further purification. Melting points were determined using an Electrothermal 9100 apparatus.
The mass spectra were obtained using a GCMS-QP5050A mass spectrometer operating at an ionization potential of 70
eV. Elemental analyses for C, H, and N were performed using a Heraeus CHN-O-Rapid analyzer. The 'H and *C NMR
spectra were recorded using a BRUKER DRX-250 AVANCE instrument with CDCI, as the solvent and TMS as the internal
standard at frequencies of 250.1 and 62.9 MHz, respectively. The IR spectra of products were measured with an FT-IR
Perkin Elmer RXI.

2.2. General procedure for the synthesis of products (4a-h)

Arylglyoxal (1 mmol) and acetylacetone (1 mmol) were combined and agitated under reflux in acetone (10 mL) for 1 h.
The reaction mixture was then supplemented with Et,N (1 mmol) and either 2,6-dimethyl phenol or 2,6-di-tert-butyl
phenol (1 mmol) under the same conditions, and stirring was maintained for 2 h. The resulting product was a yellow solid.
After the removal of the solvent, the product was rinsed with cold diethyl ether (5 mL). The residue was recrystallized from
n-hexane/EtOAc 4:3 to yield 4.

1-(4-(4-hydroxy-3,5-dimethylphenyl)-2-methyl-5-phenylfuran-3-yl)ethan-1-one(4a)

Yellow powder; yield 93%; mp: 190-192 °C. IR (KBr,v, cm™): 1716 (C=0).'H NMR (250.1 MHz, CDCL,): § = 2.25, 2.28,
and 2.39 (9H, 3s, 3Me), 2.70 (3H, s, COMe), 5.30 (1H, s, OH), 6.82-7.81 (7H, m, 7Ar-H). *C NMR (62.9 MHz, CDCL): §
=15.3,19.1 and 19.3 (3Me), 30.2 (COMe), 119.7, 119.8, 123.4, 123.5, 125.1, 125.3, 127.2, 128.5, 128.7, 130.3, 132.1, 132.8,
137.4 and 142.6 (14C_), 149.8 and 157.3 (2C-O), 195.4 (C=0). MS (ED): m/z (%): 320 (M, 8), 305 (M*-Me, 92), 290
(M*-2Me, 83), 277 (M*-COMe, 66), 262 (M*-COMe and Me, 52), 243 (M*-Ph, 68), 77 (Ph, 48). Anal. Calcd. For C H, O,
(320.39): C, 78.73; H, 6.29. Found: C, 78.69; H, 6.23.
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1-(4-(4-hydroxy-3,5-dimethylphenyl)-2-methyl-5-(p-tolyl)furan-3-yl)ethan-1-one(4b)

Light yellow powder; yield 90%; mp: 196-198 °C. IR (KBr,v, cm™): 1717 (C=0).'H NMR (250.1 MHz, CDCl,): § = 2.19,
2.23,2.27 and 2.41 (12H, 4s, 4Me), 2.72 (3H, s, COMe), 5.28 (1H, s, OH), 6.83-7.80 (6H, m, 6Ar-H). *C NMR (62.9 MHz,
CDCL): & = 15.7, 19.0, 19.1 and 20.2 (4Me), 30.5 (COMe), 119.4, 119.5, 124.6, 124.8, 126.3, 126.4, 127.5, 128.4, 129.5,
131.6, 134.5, 135.2, 137.7 and 143.1 (14C_ ), 149.6 and 157.4 (2C-0O), 195.2 (C=0). MS (EI): m/z (%): 334 (M*, 9), 319
(M*-Me, 86), 304 (M*-2Me, 64), 291 (M*-COMe, 82), 243 (M*-C_H., 71), 228 (M*-C_H_and Me, 57), 91 (C_H., 43), and 43

707

(COMe, 39). Anal. Calcd. for C_H_ O, (334.41): C, 79.02; H, 6.63. Found: C, 78.99; H, 6.56.

22772273

1-(4-(4-hydroxy-3,5-dimethylphenyl)-5-(4-methoxyphenyl)-2-methylfuran-3-yl)ethan- 1-one(4c)

Yellow powder; yield 89%; mp: 185-187 °C. IR (KBr,v, cm™): 1715 (C=0).'H NMR (250.1 MHz, CDCL,): § = 2.23, 2.28
and 2.38 (9H, 3s, 3Me), 2.75 (3H, s, COMe), 3.65 (3H, s, OMe), 5.29 (1H, s, OH), 6.78-7.82 (6H, m, 6Ar-H). *C NMR
(62.9 MHz, CDC13): §=16.0,19.3and 19.4 (3Me), 30.1 (COMe), 53.4 (OMe), 120.2, 120.3, 124.4, 124.5,125.8, 125.9, 127.9,
128.7,129.3,131.3, 133.5, 135.4, 140.2 and 143.1 (14 C_), 148.9 and 157.6 (2C-O), 195.4 (C=0). MS (EI): m/z (%): 350
(M, 8), 335 (M'-Me, 77), 319 (M'-OMe, 90), 307 (M*-COMe, 67), 292 (M*-COMe and Me, 59), 243 (M*-C_H. O, 63), 107
(C,H.0, 44). Anal. Calcd. for C_H O, (350.41): C, 75.41; H, 6.33. Found: C, 75.46; H, 6.28.

22772274
1-(4-(4-hydroxy-3,5-dimethylphenyl)-2-methyl-5-(4-nitrophenyl)furan-3-yl)ethan-1-one(4d)
Pale yellow powder; yield 92%; mp: 205-207 °C. IR (KBr,v, cm™): 1716 (C=0)."HNMR (250.1 MHz, CDCL,): § = 2.23,2.28
and 2.38 (9H, 3s, 3Me), 2.75 (3H, s, COMe), 5.29 (1H, s, OH), 6.78-7.85 (6H, m, 6Ar-H). *C NMR (62.9 MHz, CDCL,): §
=15.7,19.1 and 19.3 (3Me), 30.3 (COMe), 120.8, 121.0, 123.3,123.4, 126.5, 126.7, 128.7, 129.6, 132.3, 134.7, 136.3, 138.6,
141.4and 143.7 (14 C ), 149.6 and 158.1 (2C-0), 195.7 (C=0). MS (EI): m/z (%): 365 (M*, 7), 350 (M*-Me, 92), 322 (M*-
COMe, 68), 307 (M*-COMe and Me, 79), 292 (M*-COMe and 2Me, 37), 243 (M*-C H NO,, 51), 122 (C.H,NO,, 33). Anal.
Calcd. for C, H NO, (365.38): C, 69.03; H, 5.24; N, 3.83. Found: C, 68.92; H, 5.30; N, 3.88.
1-(4-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-methyl-5-phenylfuran-3-yl)ethan- 1-one(4e)
Lightyellow powder; yield 94%; mp: 194-196 °C. IR (KBr,v, cm™): 1722 (C=0).'H NMR (250.1MHz, CDCL,): § = 1.40 and
1.42 (18H, 25, 2CMe,), 2.40 (3H, s, Me), 2.70 (3H, s, COMe), 5.19 (1H, s, OH), 6.83-7.79 (7H, m, 7Ar-H). *C NMR (62.9
MHz, CDCL,): 6 =149 (3H, s, Me), 29.4, 30.3 and 31.2 (2CMe, and COMe), 33.8 and 34.0 (2CMe,), 121.3, 121.5, 124.2,
124.3, 125.9, 126.0,128.5, 130.7, 131.3, 135.8, 136.1, 137.9, 138.2, 140.6 and 144.5 (14 C_ ), 147.8 and 157.4 (2C-0O), 196.1
(C=0).MS (EI): m/z (%): 404 (M, 8), 361 (M*-COMe, 76), 347 (M*-CMe,, 83), 332 (M*-CMe, and Me, 55), 327 (M*-Ph,
59), 57 (CMe,, 40). Anal. Calcd. for C, H, O, (404.55): C, 80.16; H, 7.97. Found: C, 80.10; H, 7.94.

27773273
1-(4-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-methyl-5-(p-tolyl))furan-3-yl)ethan- 1-one(4f)
Yellow powder; yield 91%; mp: 201-203 °C. IR (KBr,v, cm™): 1720 (C=0).'H NMR (250.1 MHz, CDCl,): § = 1.38 and
1.39 (18H, 2s, ZCMES), 2.23 and 2.40 (6H, 2s, 2Me), 2.71 (3H, s, COMe), 5.22 (1H, s, OH), 6.83-7.76 (6H, m, 6Ar-H). *C
NMR (62.9 MHz, CDCIS): §=15.3 (3H, s, Me), 22.3 (Me), 29.8, 30.5 and 31.6 (2CMe3 and COMe), 33.6 and 33.7 (ZCMeS),
120.2, 120.3, 123.5, 123.6, 126.1, 126.3, 127.9, 128.4, 132.1, 134.7, 136.3, 139.6, 142.2 and 144.3 (14 Cam), 147.6 and 157.5
(2C-0), 195.9 (C=0). MS (EI): m/z (%): 418 (M*, 9), 403 (M*-Me, 90), 375 (M*-COMe, 81), 360 (M*-COMe and Me, 73),
361 (M*-CMe,, 78), 346 (M"-CMe, and Me, 58), 91 (C,H,, 42), 57 (CMe,, 44), 43 (COMe, 37). Anal. Calcd. for C H, O,
(418.58): C, 80.35; H, 8.19. Found: C, 80.26; H, 8.19.
1-(4-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-(4-methoxyphenyl)-2-methylfuran-3-yl)ethan-1-one(4g)
Yellow powder; yield 91%; mp: 197-199 °C. IR (KBr,v, cm™): 1723 (C=0).'H NMR (250.1 MHz, CDCL,): § = 1.36 and 1.38
(18H, 2s, 2CM63), 2.39 (3H, s, Me), 2.69 (3H, s, COMe), 3.64 (3H, s, OMe), 5.25 (1H, s, OH), 6.81-7.82 (6H, m, 6Ar-H).
"C NMR (62.9 MHz, CDCL,): § = 15.6 (3H, s, Me), 30.2, 30.5 and 31.4 (2CMe, and COMe), 33.4 and 33.5 (2CMe,), 52.8
(OMe), 119.8, 120.0, 122.4, 122.5, 125.2, 125.3, 128.0, 132.0, 134.5, 137.7, 138.1, 141.2, 143.6, and 145.8 (14 Cam), 148.4
and 157.3 (2C-0), 196.0 (C=0). MS (ED): m/z (%): 434 (M*, 7), 419 (M*-Me, 91), 377 (M*-CMe,, 88), 360 (M*-COMe and
OMe, 62), 346 (M*-CMe,and OMe, 67), 327 (M*-C_H.O, 61), 107 (C,H, O, 42), 57 (CMe,, 48), 43 (COMe, 33). Anal. Calcd.
for C_H, O, (434.58): C, 77.39; H, 7.89. Found: C, 77.36; H, 7.84.

28773474

1-(4-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-methyl-5-(4-nitrophenyl)furan-3-yl)ethan-1-one (4h)

Pale yellow powder; yield 93%; mp: 209-211 °C. IR (KBr,v, cm™): 1723 (C=0).'H NMR (250.1 MHz, CDCL,): § = 1.39 and
1.40 (18H, 2s, 2CMe,), 2.42 (3H, s, Me), 2.73 (3H, s, COMe), 5.25 (1H, s, OH), 6.80-7.84 (6H, m, 6Ar-H). *C NMR (62.9
MHz, CDCL,): 6 = 15.9 (3H, s, Me), 30.2, 30.6, and 31.3 (2CMe, and COMe), 33.7 and 33.8 (2CMe,), 121.6, 121.7, 123.2,
123.3,125.8,125.9, 128.5,129.7,133.9, 137.8, 140.3, 143.9, 144.4 and 146.7 (14 C_ ), 148.2 and 158.1 (2C-0), 196.2 (C=0).
MS (EI): m/z (%): 449 (M*, 7), 406 (M*-COMe, 83), 392 (M*-CMe,, 75), 377 (M*-CMe, and Me, 72), 327 (M*-C H,NO,,
84), 284 (M*-C . H,NO, and COMe, 43), 270 (M*-C . H,NO, and CMe,, 51), 122 (C.H,NO,, 45), 57 (CMe,, 48). Anal. Calcd.
for C_H, NO, (449.54): C, 72.14; H, 6.95; N, 3.11. Found: C, 72.27; H, 7.02; N, 3.06.

277731

7
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3. Results and discussion

3.1. Synthesis and optimization of reaction conditions

As a model reaction for the synthesis of 1-(4-(4-hydroxy-3,5-dimethylphenyl)-2-methyl-5-phenyl furan-3-yl) ethan-
1-one 4a, the one-pot reaction between arylglyoxals (1), acetylacetone (2), and 2,6-dimethylphenol (3) was selected
(Table 1). The initial stages of the reaction occurred in water with one equimolar of Et,N present at room temperature.
TLC was utilized to monitor the progress of the reaction. Upon compilation of the reaction, product 4a was isolated
by filtration, yielding an orange powder. The reaction yield was 40%. In order to optimize the reaction conditions, the
reaction was conducted in the presence of various bases and solvents. The results were presented in Table 1. As shown
in Table 1, in the presence of 1,4-diazabicyclo [2.2.2] octane (DABCO), the reaction yield was 30% (Table 1, entries
1-5). The presence of KOH and K,CO, in water resulted in poor reaction yields, and pyridine in water did not facilitate
the reaction. Consequently, Et,N was selected as the proper base for this reaction. The reaction yield could not be
increased when using EtOH and CH,CI, as solvents (Table 1, entries 6 and 7). Although the reaction yield increased
in acetone, as well as in DMSO or CH,CN (Table 1, entries 8-10), the rise in acetone was more significant. Further
research on the effect of temperature on reaction yield revealed that the reaction yield was higher when carried out
in refluxing acetone (Table 1, entry 11). Therefore, the optimal temperature for the synthesis of 1-(4-(4-hydroxy-3,5-
dimethylphenyl)-2-methyl-5-phenylfuran-3-yl) ethan-1-one 4a is determined to be refluxing. Additionally, employing
more Et,N did not impact the reaction yield, indicating that one equimolar of Et,N is the ideal amount of base for this
reaction (Table 1, entries 11 and 12). In this reaction, no detectable byproducts were formed. Along with the desired
product, small amounts of acetone-soluble dark materials were formed, which were separated from the main product
by filtration.

3.2. Characterization of products

The structures of products were confirmed using FT-IR, 'H- and "C NMR spectra, elemental analysis, and mass
spectroscopic data. For example, the "H NMR spectrum of 4a exhibited five singlets at 2.25, 2.28, 2.39, and 2.70 ppm (12H,
4Me), and 5.30 ppm (1H, OH). Additionally, aromatic protons were observed as multiplets at 6.82-7.81 ppm (7Ar-H) for
the phenyl and phenol moieties [31-33]. The hypothesized structure is supported by the *C NMR spectrum of 4a, which
displayed 21 different resonances. Additionally, product 4a exhibited C NMR resonances for the 4Me, 2C-O, and Me-
C=0 carbons at 15.3, 19.1, 19.3, 30.2, 149.8, and 157.3 ppm, respectively [34]. The '"H NMR and *C NMR spectra of 4b-h
are similar to those of 4a. The FT-IR spectrum of compound 4a showed an absorption band attributable to the carbonyl
group at 1716 cm™. The mass spectrum of this compound displayed the molecular ion peak at 320 /2, which is consistent
with the proposed structure.

Table 1. Optimization of the reaction conditions for the synthesis of compound 4a.

Entry Solvent Base (mol%) T (°C) Time (h) Yield% of 4al!
1 H,0 Et,N (100) RT 24 40

2 H,0 KOH (100) RT 12 Trace
3 H,0 K,CO, (100) RT 12 Trace
4 H,0 Pyridine (100) RT 12 N.R.
5 H,0 DABCO (100) RT 12 30

6 EtOH EtN (100) RT 24 40

7 CHCL Et,N (100) RT 24 20

8 DMSO Et,N (100) RT 24 33

9 CH,CN Et,N (100) RT 8 51

10 Acetone Et,N (100) RT 6 64

11 Acetone Et,N (100) Reflux 3 93

12 Acetone Et,N (150) Reflux 3 93

[ solated yields. RT: room temperature.
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The one-pot reaction of arylglyoxals (1), acetylacetone (2), and 2,6-dimethylphenol (3) in the presence of Et,N in
acetone solvent yielded compounds 4a-h. The reactions exhibited high efficiency, and within 3 h, the products 4a-h were
obtained with high yields (Table 2).

Table 2. One-pot synthesis of 1-(4-(3,5-dialkylphenyl)-2-methyl-5-phenylfuran-3-yl) ethan-1-one derivatives 4a-h.

Entry R R! Product Yield (%)@

1 H Me 93
2 Me Me 90
3 OMe Me 89
4 NO, Me 92
5 H ‘Bu 94
6 Me ‘Bu 91
7 OMe ‘Bu 91
8 NO ‘Bu 93

[ Jsolated yields.
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In Scheme 2, the suggested mechanism for this reaction is depicted. Although the mechanistic specifics of the reaction
are unknown, a credible explanation for the generation of product can be proposed. Initially, under reflux conditions for 1
h, arylglyoxal (1) and acetylacetone (2) undergo condensation by the Knoevenagel reaction to yield intermediate (5). Next,
the Michael addition of phenol (3) to the intermediate (5) produces reactive 1,4-diketone (6). Triethylamine was used as a
base during this stage, and the mixture was agitated under identical conditions for 2 h. The Paal-Knorr cyclization of the
given 1,4-diketone yielded (8). Ultimately, this intermediate (8) is converted into product (4) via a formal [1,5] hydrogen
shift [35].

4. Conclusion

The research was one of the first to use derivatives of high-function dialkyl furan instead of diene for a simple and
easy one-pot synthesis method. In this method, the reaction between arylglyoxals, acetylacetone, 2,6-dimethyl phenol,
or 2,6-di-tert-butyl phenol under reflux in the presence of triethylamine was used to yield 1-(4-(3,5-dialkylphenyl)-2-
methyl-5-phenylfuran-3-yl) ethan-1-one derivatives in excellent yields. The advantages of the present method include
a straightforward procedure, an easy workup, a quick reaction time, readily accessible starting ingredients, and simple
purification of products without using a chromatography column, which make it a new alternative route to other dialkyl

furan syntheses.
Knoevenagel
condensatlon
Michael
addmon
Et3N

/©/U?If Et}N

Paal-Knorr
cyclization

8 4a-h

Scheme 2. The proposed mechanism for the preparation of compounds 4a-h.
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