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ABSTRACT

This study aims to prepare and evaluate the catalytic
advantages of ZnFe204@Fe304 in the synthesis of
1,8-dioxo-octahydroxanthene derivatives. The
catalyst was fully characterized by FTIR, EDX, XRD,
FESEM, TGA, and VSM analyses. The
ZnFe204@Fe304 was applied as a catalyst for the
synthesis of 1,8-dioxo-octahydroxanthenes. The
products were synthesized in significant yields (85—
95%) in short reaction times (15—-60 min) without
laborious work-up. The biological activity of 1,8-dioxo-
octahydroxant derivatives was studied. These
compounds showed antioxidant activity between 64.4
and 90.2% and their antimicrobial activity against S.
enterica, E. coli, L. monocytogenes, S. aureus, and E.
faecalis was investigated.
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1. Introduction

Ferrites, a ferrimagnetic ceramic with the general formula MFe,O4 (M stands for bivalent metal ions such as Mn,
Fe, Co, Ni, Cu, and Zn), are widely known for their physical and magnetic properties, electrical resistivity, and great
chemical stability. Ferrites have garnet, hexagonal, and spinel structures based on their original crystal lattice. Among
these structures, normal and inverse spinel ferrites are particularly attractive [1,2]. Spinel ferrite nanoparticles (SFNPs)
are metal oxides with a spinel structure and general formula AB2O., where A and B represent different metal cations
located tetrahedral (A-site) and octahedral (B-site) respectively, containing at least iron chemical formula. Metal
cations are coupled to oxygen atoms at both sites tetrahedrally and octahedrally. The physicochemical features of
ferrites are largely reliant on the metal cation types, quantities, and positions in the crystalline structure. [3]. Magnetic
transition oxide nanostructures with spinel structure MFe2O4 (M = Zn, Mn, Ni, Co, etc.) possess unique magnetic
properties such as high coercivity, single domain effects, moderate magnetization, spin filtering, superparamagnetism,
etc., resulting in impressive results for industrial and biological applications [4].

The structures of the spinels usually consist of two types: normal and inverse. The ions M?* and Fe®* are inserted at
the A and B sites of the normal spinel. M?* cations and Fe®* cations are located at A and B sites in normal spinel. In
inverse spinel, M?* cations are located in the B area and Fe3* cations at both A and B sites depending upon the
preparation method [5,6]. The spinel ferrites are described by the formula (A)[B].O4, where (A) and [B] indicate
cations in tetrahedral and octahedral sites, respectively, of cubic oxygen close packing. Bulk ZnFe,O4 has a normal
spinel structure with all Zn 2* ions in the A-sites and Fe®" ions in the B-sites. However, unlike the bulk material, the
nanocrystalline ZnFe;O. always has a partially inverse spinel structure in which Zn?* and Fe®" ions are distributed
over the A and B sites, with the following formula: (Zn?*1.sFe®*s)[Zn?*sFe®*,.5]O2* where § is the inversion coefficient
defined as the fraction of (A) sites occupied by Fe®* cations and depends on crystallite size and method Preparation
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[7]. The spinal ferrites were prepared bysol-gel processing [7] polymer matrix precipitation [8], coprecipitation [9],
solid-state reaction [10], a wet-milling method [6], hydrothermal crystallization [11], citrate composition [12]. Due to
its special properties such as chemical and thermal stability and the dependence of the magnetic properties on the
particle size, spinel ferrite has considerable potential for a variety of technical applications, such as magnetic resonance
imaging (MRI), photo-induced transformers, and ferrofluids [13]. Widespread bioapplications such as magnetically
controlled drug delivery, high-density magnetic recording media, hyperthermia, and have generated increased interest
in these materials due to their unique structure and magnetic capabilities [14].

An important class of heterocyclic chemicals, xanthenes, and its derivatives are used in biological applications like
anti-inflammatory [15], antibacterial activities [16], antifungal and antibacterial activity [17], antidiabetic activity
[18], antioxidant activity [19], antiviral activity [20], antiparasitic activity [21], and antihistaminic activity [22].

Until now, several researchers have described various techniques for preparing various xanthene derivatives. For
example, under ultrasound irradiation, ceric ammonium nitrate as a catalyst [23], under solvent-free conditions and
ZrOCl3-8H,0 as a catalyst [24], catalyzed by diammonium hydrogen phosphate [25], under microwave irradiation
[26], catalyzed by ZrO,/SO4*> /Co nanoparticles [27] catalyzed by Bronsted Acidic lonic Liquids (BAILS) [28], using
cobalt (1) complex containing an ionic liquid [29], polymeric catalyst [30], and under solvent-free conditions in the
presence of trichloromelamine (TCM) [31].

Designing safe and inexpensive methods for synthesizing xanthenes using environmentally friendly and efficient
catalysts has become of crucial importance in recent years. spinel ferrites are very useful as a catalyst in the synthesis
of organic compounds because of their high efficiency, especially their super magnetic properties, fast separation, and
recyclability. In this context, we prepared a ZnFe;O.@Fe3O4 as a heterogeneous catalyst for the synthesis of 1,8-
dioxo-octahydroxanthenes analogs and investigated the biological activity of 1,8-dioxo-octahydroxanthenes including
antibacterial and antioxidant activity.

2. Experimental
2.1. Materials

The Iron dichloride tetrahydrate (FeCl,-4H,0), zinc chloride (ZnCly), iron chloride hexahydrate (FeCls-6H20), and
sodium hydroxide (NaOH) were provided by Merck Company. Dimedone, all solvents, and other reagents were
provided by Merck and Sigma-Aldrich Company.

2.2. Preparations of zinc ferrite (ZnFe;0.4)

3.3637 g FeCl;.6H,0 and 0.8481 g ZnCl, were dissolved in 50 mL distilled water. The flask was kept under stirring
and reflux at 80 °C, the pH of the reaction mixture was raised to about 10 by the addition of 10% NaOH solution, and
stirring was continued for 3 h. The precipitate was collected and centrifuged, then washed several times with distilled
water and ethanol, and finally dried under vacuum at 100°C for 6 h. The obtained dark brown powders were crushed
and then calcined at 450 °C for 3 h (Figure 1).
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Figure 1. The synthesis procedure of ZnFe204 nanoparticles

2.3. Preparations of FezO4 magnetic nanoparticles

FeCl,.4H,0 (1.98 g) and FeCl3.6H20 (5.4 g) in a 1:2 molar ratio were dissolved in 50 mL deionized water, the
mixture was mechanically stirred at 80° C for 15 min and NaOH solution (1M) was added to the mixture until the pH
reached 10. After 30 min, the black precipitate was separated by magnetic decantation washed several times with
deionized water and ethanol, and dried under a vacuum at 80 °C for 10 h.

2.4. Preparations of ZnFe>Os@Fe3z04

For the synthesis of ZnFe,O.@Fe304 with a 2:1 weight ratio of ZnFe;O4 and Fe304, 0.23 g of magnetite
nanoparticles (FesOa4) and 0.47 g of zinc ferrite nanoparticles (ZnFe,O4) were added to 20 mL of deionized water. The
reaction mixture was dispersed for 1 h. Then the pH of the reaction mixture was adjusted to 8 with NaOH solution
(IM) and stirred under reflux conditions for 3 h. Finally, ZnFe,O.@FesO4 nanoparticles were collected from the
reaction vessel using an external magnet then washed several times with distilled water and dried in an oven at 80 °C
(Figure 2).

Figure 2. The synthesis proce-duFe Bf‘ZnFezO4@Fe304 nanoparticles
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2.5. General procedure for the synthesis of 1,8-dioxo-octahydroxanthene derivatives

Dimedone or 1,3 cyclohexanedione (2 mmol), an aldehyde (1 mmol), and ZnFe,O.@Fe;04 (0.06 g) in EtOH (5 mL)
were combined. The reaction mixture was stirred at reflux conditions and checked for completion by thin-layer
chromatography (hexane/ethyl acetate 5:1). After the completion of the reaction, the catalyst was separated with an
external magnet. The crude solid product was filtered and then purified by recrystallization from ethanol (Scheme 1).

(0] 20 |o
N
| Y “H ZnFe,0,@Fe304 (0.06 g)
R R EtOH, Reflux
(1 mmol) (2 mmol)
R=H or CH;
1 2 3

Scheme 1. Synthesis of 1,8-dioxo-octahydroxanthenes

3. Results and discussion
3.1. Description of catalysts
FTIR: FT-IR spectra of prepared zinc ferrite and ZnFe,Os@Fes0s are revealed in Figure 3A. The broad bands
around 3450 and 3429 cm™ in the spectrum of ZnFe,O4 and ZnFe,0.@Fe;0, respectively, are related to stretching
vibrations of the hydroxyl group. The absorption peaks at 1633 cm™ in ZnFe,04 and 1607 cm™ in ZnFe,04@Fe304
correspond to the hydroxyl group's bending vibrations [32]. Metal oxide vibrations typically occur below 1000 cm™.
Fe-O-H bending vibrations occur at 797 cm [33]. The weak signal at 556 cm-1 is identified as a Fe-O vibration [34].
XRD: Figure 3B shows the XRD patterns of the ZnFe;O4 and ZnFe,Os@Fe3;04. The peaks observed at 26 range
of 18.55°,30.32°,35.51 °,43.18°,53.43°,56.86 °, 62.51 °, 70.85 ° and 73.83 ° which related to the plane of reflection
(220), (311), (222), (400), (511), (440), (620) and (532), respectively [35]. FesOs Nps showed a semi-crystalline
nature, in the X-ray diffraction pattern of ZnFe,O.@Fes04, the peaks were detected at 26 of 30.05 ©, 35.44 °, 57.37 ©,
and 62.48 ° which corresponds to the plane of reflection (22 0), (31 1), (51 1), and (4 4 0), respectively [36].
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Figure 3. FTIR spectra (A) and XRD patterns (B) of ZnFe204and ZnFe204@Fe304
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SEM: Figure 4 shows FESEM images of ZnFe;04and ZnFe,0,@Fes04 at two magnifications of 200 nm and 1
um. FESEM images show almost spherical morphology for both samples. The accumulation of ZnFe,O4 and
ZnFe;0.@Fes0. were determined around 20 - 60 nm and 20 -50 nm, respectively.
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Figure 4. FESEM micrographs of (A) ZnFe204and (B) ZnFe.0.@Fe304 nanoparticles.

VSM: The VSM curves of Fes0a4, ZnFe;04, and ZnFe,0,@Fe304 are shown in Figure 5A. ZnFe;O4 with a magnetic
saturation value of 16.51 emu/g showed less magnetic properties compared to curve ZnFe,O,@Fes0, with a magnetic
saturation value of 57.17. The VSM curves of ZnFe,O,@Fe3;04 and FesO4 have a magnetization saturation value of
59.94 emu/g and 57.17, respectively, showing similar magnetic properties.

TGA: The TGA curves for ZnFe;0. and ZnFe,O,@Fes04 are shown in Figure 5B. Both curves showed a weight
loss of less than 10%. Weight loss at temperatures below 200 °C occurred due to the evaporation of moisture trapped
on the surface of the samples.
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Figure 5. VSM curves of ZnFez04, ZnFe;04@Fes0s, and FesOs (A), TGA thermograms of ZnFe204 and ZnFe,04@FesOs (B).

EDX: EDX analysis (Figure 6) shows the chemical composition of ZnFe;0, and ZnFe;0.@Fez04 produced. The
existence of different quantities of O, Zn, and Fe elements in the spectra of ZnFe,O4 and ZnFe,Os@Fe304 as well as
the increase of Fe in the spectrum of ZnFe,O.@Fe304 compared to ZnFe,O4 has been demonstrated in the spectrum
and the tabulated data.
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Figure 6. EDX spectra, and tabulated data of ZnFe204 and ZnFe204@Fe304

3.2. Catalytic potential study of the ZnFe,0,@Fe3;04

After fabrication and characterization, the catalytic efficiency of ZnFe,O,@Fe3O; in the preparation of 1,8-dioxo-
octahydroxanthenes was evaluated. A one-pot multicomponent organic process with dimedone (2 mmol), and
benzaldehyde (1 mmol) was used as a model reaction to optimize various conditions (Table 1). To recognize and
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observe the catalytic effect of ZnFe,0.@Fes;04 in the synthesis of 1,8-dioxo octahydroxanthenes and to determine the
optimal catalyst amount on the progress, different amounts of ZnFe,O4@Fe304 catalyst in ethanol solvent were used.
The results showed that 0.06 g of ZnFe,O.@Fe;Os was the optimal value for the synthesis of 1,8-dioxo-
octahydroxanthenes. The reaction was studied in the presence of different solvents such as EtOH, H20, CH.Cl;,
Hexane, THF, H,O/EtOH, and without solvents. As shown in Table 1, the reaction with EtOH was very effective.
This reaction was also tested at 25, 50, and 80 °C temperatures. The highest yield with the shortest reaction time was
achieved at 80 °C and a catalyst of 0.06 g in EtOH. The catalytic effect of ZnFe,O4, and Fe;O4 was examined using
the synthesis of 3a (Entries 14, 15), and the results showed that in the presence of ZnFe,O, were obtained products
with the highest efficiency and the shortest time. Considering that one of the purposes of this research is to prepare
and produce a catalyst that can be easily separated from the reaction vessel and recovered. Therefore, the priority is
to develop a catalyst with its magnetic properties.

Table 1. Optimization of the three-component reaction of dimedone (2 mmol) and benzaldehyde (1 mmol) 2.

Entry Solvent Catalyst (g) Temp /°C Time (Min) Yield %"
1 EtOH - reflux 60 25
2 EtOH 0/02 reflux 60 30
3 EtOH 0/04 reflux 60 65
4 EtOH 0/06 reflux 30 91
5 EtOH 0/08 reflux 30 92
6 H0 0/06 reflux 120 60
7 CH2Cl2 0/06 reflux 120 25
8 Hexane 0/06 reflux 120 10
9 THF 0/06 reflux 120 30
10 H>O/EtOH 0/06 reflux 120 60
11 Solvent-free 0/06 100 120 40
12 EtOH 0/06 25 240 50
13 EtOH 0/06 50 60 70
14 EtOH (ZnFe204) 0/06 reflux 25 92
15 EtOH (Fe304) 0/06 reflux 45 80

a Reaction conditions: dimedone (2 mmol) and benzaldehyde (1 mmol). P isolated yield.

Different aromatic aldehydes were investigated for the synthesis of 1,8-dioxo octahydroxanthenes using the
optimal amount of (0.06 g ZnFe,O,s@Fes04 (Table 2). The results showed that the reaction was performed with
benzaldehyde derivatives having both electron-donating groups and electron-withdrawing. The products obtained
were purified by crystallization in ethanol and identified using spectroscopic techniques (*H NMR and *C NMR).

Table 2. Synthesis of 1,8-dioxo-octahydroxanthenes by ZnFe,O4@Fe304 and aldehyde derivatives 2.

- - \ M.P. (°C)

= S Time Yield

3 Product & (min.) (%) Observed Reported L85
1 3a 30 91 202-204 205-205 [37]
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2 3b 20 90 235-236 238-240 [37]
3 3c 25 92 225-228 226-228 [37]
4 3d 20 90 257-259 251-252 [37]
5 3e 30 90 215-216 210-211 [37]
6 3f 35 89 174-176 181-183 [38]
7 3g 40 90 262-264 205-208 [24]
8 3h 45 86 233-235 231-233 [39]
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9 3i 40 90 118-120 222-224 [38]
10 3j 45 90 136-138 247-250 [38]
11 3k 15 90 200-202 203-205 [37]
12 31 15 94 175-176 170-172 [37]
13 3m 15 95 224-226 226-228 [37]
14 3n 45 87 214-216 210-211 [37]
15 30 40 90 234-236 226-228 [40]
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16 3p 60 87 238-240 237-238 [37]
17 3q 30 90 178-180

18 3r 35 90 198-200

19 3s 40 91 167-169 164-165 [24]
20 3t 60 90 154-156 NR

21 3u 60 92 120-122 NR

22 3v 35 92 269-272 268-270 [41]

Materials Chemistry Horizons | 2023, 2(3), 207-224 216



Materials Chemistry Horizons RESEARCH

23 3w 25 94 285-287 288-290 [41]
24 3x 50 85 222-223 224-226 [41]
25 3y 35 90 283-285 282-283 [41]

2 Reaction conditions: dimedone or 1,3 cyclohexanedione (2 mmol), aldehyde (1 mmol), EtOH (5 mL), and catalyst (0.06 g) at
80 °C; " isolated yield, NR: not reported.

The use of aromatic aldehydes with electron-withdrawing groups (-4-NO; and -3-NO-) leads to the formation of
a product with very high efficiency. In addition, the products have been synthesized in due course using heterocyclic
aldehyde compounds such as thiophenecarbaldehyde, furfural, 5-methyl furfural, and pyrazole-4-carbaldehyde. The
results showed that aldehydes with electron-withdrawing groups have better efficiency than electron-donating
groups. Electron withdrawing groups shorten the reaction time and increase the efficiency of this reaction.

According to the Lewis acidic nature of ZnFe,O.@Fe30., a possible mechanism has been suggested (Figure 7).
It is expected that the reaction of dimedone in enol form with aromatic aldehyde under the influence of
ZnFe;O4s@Fes04 produces ortho-quinone methides (1) through the formation of Knoevenagel adduct. Intermediate
I can further undergo Michael addition with another dimedone molecule to form intermediate Il. In the end,
intermediate 11 was converted into the product by cyclization.

Materials Chemistry Horizons | 2023, 2(3), 207-224 217



Materials Chemistry Horizons RESEARCH

o _0 o OH
A Cat X
—.
C——
enol-keto

Cat

3
Oy _H [o)

o | ~— /]
-H,0
[ ) Ho
Y . Knovenagel
R

condensation

Product
Figure 7. The proposed mechanism for the synthesis of 1,8-dioxo-octahydroxanthene catalyzed by ZnFe204@Fe30a.

Comparison of the catalytic efficiency of ZnFe,O.@Fes0, with various catalysts reported for the synthesis of 1,8-
dioxo-octahydroxanthenes
To show the efficiency of this method in comparison with reported methods, we used the reaction of dimedone(2
mmol) and benzaldehyde (1 mmol) for the synthesis of 3a as a model. This comparison is shown in Table 3. It is clear
from the data that our method has shorter reaction times and provides higher yields of the products.

Table 3. Comparison of the catalytic efficiency of ZnFe.Os@FesO4 with various catalysts reported for the synthesis of 3a.

Entry Catalyst Condition Yield % Time Min. Ref.
1 ZnFe20:@Fe304 (0.06 g) EtOH/ 80 °C 91 30 This study
2 Sawdust sulphonic acid EtOH/ 80 °C 88 50 [42]
3 SmCls Neat/ 120 °C 98 540 [43]
4 lonic liquid [TMXH][TSA Solvent-free at 110 °C 87 20 [44]
5 SO 427/ZrOz EtOH/ 80 °C 95 450 [45]
6 Tetrabutylammonium hydrogen Water/ reflux 88 210 [46]

sulfate

Recovery: From an economic point of view, the reusability of heterogeneous catalysts is of great importance. In
this context, the reusability and recycling of ZnFe,Os@Fes04for the synthesis of derivative 3a was investigated. After
the reaction, ZnFe,O,@Fes0, was separated from the reaction vessel by a magnet and used after washing with EtOH
for 5 consecutive cycles (Figure 8). The results indicate that the catalytic potential of the catalyst is very slightly
reduced.
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Figure 8. ZnFe204@Fe304 reusability in the synthesis of 3a

To prove the stability of the catalyst after recovery, the FTIR spectrum and XRD pattern of the ZnFe,O,@Fe304
catalyst were recorded (Figure 9). As seen in the FTIR spectrum and XRD pattern, very few differences in the
nanocatalyst characteristic peaks signify the stability of the catalyst.
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Figure 9. The FTIR spectrum (A) and XRD pattern (B) of the ZnFe204s@Fe304 after recovery.

3.3. Antioxidant activity

The potential of organic compounds for use in pharmaceutical substances can be increased through antioxidant
abilities [47]. As a result, the antioxidant activity of the 1,8-dioxo-octahydroxanthenes in the DPPH ethanolic solution
was examined (Figure 10). The results indicated that between 64.4% and 90.2% of the compounds had antioxidant
properties.
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Figure 10. Antioxidant activities of prepared 1,8-dioxo-octahydroxanthenes.

3.4. Antibacterial activity

Table 4 and Figure 11 display the findings of the disk diffusion method's evaluation of the 1,8-dioxo-
octahydroxanthene derivatives' antibacterial activity against E. faecalis, E. coli, L. monocytogenes, S. enterica, and S.
aureus. The 1,8-dioxo-octahydroxanthenes have no antibacterial activity on E. faecalis and E. coli, while 3¢ and 3l
have inhibitory effects on the growth of L. monocytogenes, S. aureus, and S. enterica.

Figure 11. Kirby-Bauer disk diffusion test of 1,8-dioxo-octahydroxanthene's.
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Table 4. Antibacterial activity data of 1,8-dioxo-octahydroxanthenes.

Derivatives E. coli S. enterica L. monocytogenes S. aureus E. faecalis
Diameter of growth inhibition of zone (mm)

3c NE NE 2+0.2 3+0.1 NE

39 NE NE NE NE NE

30 NE NE NE NE NE

3l NE NE 14+1.1 13+1.2 NE

Antibiotic discs (Positive controls)
TMP5 1740 27+0.0 40+0.0 17+0.0 34+0.0
GM10 250 25+0.0 34+0.0 21+0.0 22+0.0
SXT 250 44+0.0 44+0.0 28+0.0 36+0.0
Solvent (Negative control)
DMSO NE NE NE NE NE
NE: No effect

4. Conclusion

A magnetic catalyst for the synthesis of 1,8-dioxo-octahydroxanthenes was prepared from the composite of the
spinel-ferrite nanoparticles ZnFe;O4 with FesO4 nanoparticles. According to the VSM results, the catalyst exhibits
good magnetic properties. The TGA curves for ZnFe,Os@Fe3;0; also indicated high thermal stability. Evidence
shows that smaller nanoparticles strongly tend to aggregate/agglomerate at different grain sizes. Therefore, the
possibility of aggregation/agglomeration in smaller nanoparticles is much higher compared to larger particles, and
this is considered a limitation in the use of ZnFe,O.@Fe3;04 nanocatalyst. Given the good catalytic properties of
the nanocatalyst ZnFe,O,@Fe304 as a Lewis acid in the synthesis of organic compounds and its excellent magnetic
properties, various catalysts can be designed by functionalizing the prepared composite. The 1,8-dioxo-
octahydroxanthenes were produced by one-pot condensation in the existence of 0.06 g ZnFe,Os@Fes;0., the
desired products were prepared under optimal reaction conditions in a short time (15-60 min), also new 1,8-dioxo—
octahydroxanthenes were attained in good yields (90-92 %) using pyrazole-4-carbaldehydes. The 1,8-dioxo-
octahydroxanthenes illustrated antioxidant activity ranging from 64.4% to 90.2%. In addition, some 1,8-dioxo-
octahydroxanthenes were active against L. monocytogenes, S. aureus, and S. enterica.

Spectroscopic Data

3a, Figure S1, S2:Solid, m.p. 202-204 °C; 'H NMR (400 MHz, DMSO-ds): J (ppm) 0.89 (s, 6H, CH3), 1.03 (s, 6H,
CHg), 2.05-2.10 (d, 2H, J=16 Hz, CH,), 2.24-2.26 (d, 2H, J=16 Hz, CHy), 2.49-2.60 (m, 4H, CHy), 4.52 (s, 1H,
benzylic), 7.08-7.11 (m, 1H, aromatic), 7.16-7.23 (m, 4H, aromatic). **C NMR (100 MHz, DMSO-ds): 26.98,28.25,
29.14, 47.00, 50.47, 114.87, 126.65, 126.87, 128.33, 128.51, 144.72, 163.38, 187.74, 196.54.

3b, Figure S3: Solid, m.p.235-236 °C; *H NMR (400 MHz, DMSO-dg): J (ppm) 0.83 (s, 6H, CH3), 1.00 (s, 6H, CH3),
1.95-1.99 (d, 2H, J=16 Hz, CH,), 2.15-2.19 (d, 2H, J=16 Hz, CH,), 2.26-2.30 (d, 2H, J=16 Hz, CHy), 2.40-2.50 (m,
2H, CH>), 4.84 (s, 1H, benzylic), 7.15-7.17 (d, 2H, J=8 Hz, aromatic), 7.23-7.25 (d, 2H, J=8 Hz, aromatic).

3m, Figure S4, S5: Solid, m.p. 224-226 °C; *H NMR (400 MHz, DMSO-de): J (ppm) 0.90 (s, 6H, CH3), 1.04 (s, 6H,
CHg), 2.06-2.10 (d, 2H, J=16 Hz, CH,), 2.26-2.30 (d, 2H, J=16 Hz, CHy), 2.50-2.63 (m, 4H, CHy), 4.62 (s, 1H,
benzylic), 7.45-7.47 (d, 2H, J=8 Hz, aromatic), 8.10-8.12 (d, 2H, J=8 Hz, aromatic). *3C NMR (100 MHz, DMSO-
de): 27.01, 29.03, 32.37, 50.33, 113.80, 123.63, 129.97, 146.41, 152.26, 163.93, 196.57.

30, Figure S6, S7: Solid, m.p. 234-236 °C; *H NMR (400 MHz, DMSO-dg): 6 (ppm) 1.01 (s, 6H, CH3), 1.04 (s, 6H,
CHg), 2.05-2.10 (d, 2H, J=16 Hz, CH,), 2.24-2.26 (d, 2H, J=16 Hz, CH,), 2.28-2.32 (d, 2H, J=16 Hz, CH,), 2.42-2.50
(m, 2H, CHy), 3.65(s, 3H, OMe), 4.72 (s, 1H, benzylic), 6.50-6.55 (m, 2H, aromatic), 6.70 (m, 1H, aromatic), 8.59 (s,
1H, OH). 3C NMR (100 MHz, DMSO-ds): 26.82, 29.22, 29.66, 32.38, 32.58, 50.78, 55.94, 56.51, 112.25, 112.66,
115.22, 120.24, 1.8.98, 144.80, 147.16, 149.47, 194.96, 196.62 ppm.

3p, Figure S8: Solid, m.p.238-240 °C; *H NMR (400 MHz, DMSO-de): 6 (ppm) 0.8 (s, 6H, CH3), 1.03 (s, 6H, CH3),
1.96-2.00 (d, 2H, J=16 Hz, CH>), 2.21-2.26 (d, 2H, J=16.4 Hz, CH>), 2.50-2.52 (d, 2H, J=6.8 Hz, CH,), 2.56-2.66 (m,
2H, CHy), 5.32 (s, 1H, benzylic), 7.16-7.18 (d, 1H, J=7.2 Hz, aromatic), 7.37-7.41 (t, 1H, J=8 Hz, aromatic), 7.47-
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7.51 (t, 1H, J=8 Hz, aromatic), 7.57-7.60 (t, 1H, J=8 Hz, aromatic), 7.68-7.70 (d, 1H, J=8 Hz, aromatic), 7.82-7.84
(d, 1H, J=8 Hz, aromatic), 8.67-8.69 (d, 1H, J=8 Hz, aromatic).

3t, Figure S9, S10: Solid, m.p.154-156 °C; *H NMR (400 MHz, DMSO-ds): J (ppm) 0.95 (s, 6H, CHs), 1.07 (s, 6H,
CHgs), 2.07-2.11 (d, 2H, J=16 Hz, CHy), 2.19-2.23 (d, 2H, J=16.4 Hz, CH,), 2.50-2.52 (d, 4H, J=6.8 Hz, CH,), 4.67
(s, 1H, benzylic), 7.30 (t, 1H, J=8 Hz, aromatic), 7.48 (t, 2H, J=8 Hz, aromatic), 7.82-7.84 (d, 2H, J=8 Hz, aromatic),
8.35-8.43 (m, 5H, aromatic). 3C NMR (100 MHz, DMSO-de): 19.02, 22.36, 27.50, 28.78, 32.37, 50.53, 56.50,
114.90, 118.57, 123.81, 126.87, 128.23, 129.05, 129.87, 129.98, 139.64, 141.72, 147.09, 149.34, 162.79, 197.13 ppm.
3w, Figure S11, S12: Solid, m.p.285-287 °C; 'H NMR (400 MHz, DMSO-d): J (ppm) 1.80-1.99 (m, 4H, CH,), 2.21-
2.35 (m, 4H, CHy), 2.56-2.71 (m, 4H, CHy), 4.55 (s, 1H, benzylic), 7.19-7.21 (d, 2H, J=8 Hz, aromatic), 7.26-7.28
(d, 2H, J=8 Hz, aromatic). *C NMR (100 MHz, DMSO-de): 20.30, 26.91, 31.06, 36.82, 115.53, 128.36, 130.40,
131.19, 143.98, 165.48, 196.82 ppm.

3x, Figure S13, S14: Solid, m.p. 222-223 °C; *H NMR (400 MHz, DMSO-ds): 6 (ppm) 1.67-1.73 (m, 2H, CHy), 1.78-
1.97 (m, 2H, CHy), 2.11-2.41 (m, 6H, CHy), 2.50-2.57 (m, 2H, CH), 5.08 (s, 1H, benzylic), 6.93-6.98 (m, 3H,
aromatic, OH), 7.80-7.12(m, 2H, aromatic). **C NMR (100 MHz, DMSO-dg): 19.04, 20.75, 20.86, 25.80, 27.72,
37.13, 56.49, 112.43, 115.70, 124.71, 126.20, 127.32, 128.89, 150.04, 167.08, 196.47 ppm.
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