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ARTICLE INFO ABSTRACT

Keywords: In a one-pot procedure, the novel 2,7-dimethoxy-3-(4-methoxyphenyl)-3-methylchroman-4-one was synthesized
Chroman-4-one in high yield as a racemic combination by reacting 7,4'-dimethoxyisoflavone with NaOMe and iodomethane
XRD-crystal . under inert atmosphere. NMR, CHN-EA, FT-IR, UV-vis, and XRD-crystal examinations were used to identify the
gg;’cak“la“ons target chemical. DFT-structural optimization and XRD were consistent. XRD investigation revealed that the
Optical molecule generated a number of Cye-H*O and Cpy-HO short interactions, resulting in the formation of two

distinct types of synthons. The experimental XRD-packing data matched the values of molecular electronic po-
tential (MEP), MAC/NBA, and Hirshfeld surface (HSA). The observed optical energy calculated from Tauc’s
relation was compared to the HOMO/LUMO and density of state (DOS) computations. Tauc’s observed optical

energy relationship was compared to its DOS and HOMO/LUMO theoretical values.

1. Introduction

Isoflavonoids are an important subclass of plant-derived flavonoids
that are mostly found in the Leguminosae subfamily Papilionoideae [1].
They function as phytoalexins, which plants create in response to stress
or pathogen attack [2,3]. Soybeans contain more isoflavonoids than any
other leguminous crop, making them an important dietary source of
these chemical groups [4]. Isoflavonoids are often referred to as phy-
toestrogens due to the fact that they have the same size and structure as
human estrogens and can thus bind to both estrogen and estrogen re-
ceptors [5]. Scientists’ interest in isoflavones has grown in recent years
due to its possible health benefits, as evidenced by the growing number
of nutritional health products containing isoflavonoids on the market
[6]. Isoflavonoids have a wide range of biological effects, including
antioxidant [1,7,8], anticarcinogenic [9,10], and antiproliferative ac-
tivity [11], as well as the ability to prevent osteoporosis and lower the
risk of cardiovascular disease [12]. They are sometimes referred to as
dietary antioxidants, which are compounds that may protect against
oxidative stress associated with inflammation as well as the risk of
macromolecule damage caused by free radicals and related oxygen- and

nitrogen-based oxidizing agents [13].

As part of our team’s ongoing work to prepare heterocyclic com-
pounds with nitrogen, sulfur, and oxygen atoms as well as their transi-
tion metal complexes for structural, catalytic, anticorrosion, and
therapeutic applications [14-16]. Herein, we report the tandem reaction
of 7,4-dimethoxyisoflavone with NaOMe and iodomethane, which
yields 2,7-dimethoxy-3-(4-methoxyphenyl)—3-methylchroman-4-one.
The molecule’s structure was determined using XRD-single crystal,
NMR, UV-vis, FT-IR, and the B3LYP/DFT calculation. Furthermore,
HOMO/LUMO and DOS were used to theoretically and experimentally
establish direct optical activity using Tauc’s relation.

2. Experimental
2.1. Materials, measurements, and computations details

The chemicals were purchased from Sigma-Aldrich and used without
further purification. The IR was recorded in solid state in the range of

750-4000 cm ! using a Shimadzu FTIR-8010M spectrometer. The 'H
and '3CNMR spectra were acquired in CDCl; using a Jeol GSX WB
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Table 1
Compound 2 structure refinement details.
Chemical formula C19H2005
M, 328.35
Crystal system Triclinic
space group 14
Z 2
D, (mg/m®) 1.333
Color colorless
Crystal description prism
Temperature (K) 173
Limiting indices —-7<h <7, -12< k <12, -14<1<12
© range (°) 3.72-67.68
Ormax () 68.32
a b, c(A) 6.6670 (3), 10.5319 (5), 11.8825 (5)
GOF on F* 1.032
F(000) 348
o, B,y () 88.104 (4), 88.197 (4), 78.960 (4)
V(A% 818.19 (6)
Radiation type Cu-Ka
 (mm™Y) 0.79

Crystal size (mm)
Absorption correction

Diffractometer

Tmins Tmax

No. of measured,
independent and

observed [I > 26(D]

0.17 x 0.1 x 0.05

CrysAlis PRO 1.171.40.14a (Rigaku Oxford Diffraction,
2018)

Empirical absorption correction using spherical
harmonics, implemented in SCALE3 ABSPACK scaling
algorithm.

Rigaku XtaLAB P100K

0.780, 1.000

7226, 2901, 2683

reflections
Rint 0.018
(sin 0/2)max (A1) 0.603
RIF? > 206(F)], wR(F?), S 0.041,0.117, 1.09
APmax> APmin (€ A7) 0.24, —0.30

spectrometer at 400 MHz. The Gaussian09W program was utilized for
the gaseous state DFT calculations at DFT/B3LYP/6-311G (d,p) [17].
The HSA calculation was performed using Crystal Explorer 3.1 software

[18].

2.2. Synthesis of (+)—2,7-dimethoxy-3-(4-methoxyphenyl)—3-

methylchroman-4-one

Under a nitrogen atmosphere, sodium methoxide (0.27 g, 5.00
mmol) was added to a solution of 7,4'-dimethoxyisoflavone 1 (1.41 g,
5.00 mmol) in dry DMF (20 mL). After 4 h of stirring at room temper-
ature, iodomethane (0.47 mL, 7.55 mmol) was added in one portion, and

the mixture was stirred for a further 12 h. The solution was poured into
water (100 mL), and the precipitate was filtered and submitted to flash
silica gel column chromatography (CH»Cly/EtOAc 9:1 to 8:2) to offer
1.34 g (85%) of compound 2 as a white solid; IH NMR (CDCl3, 400 MHz)
§7.93 (d, J=8.8 Hz, 1H, H-5), 7.37 (d, 8.8 Hz, 2H, H-2',6/), 6.83 (d, J =
8.8 Hz, 2H, H-3,5'), 6.66 (dd, J = 8.8, 2.4 Hz, 1H, H-6), 6.49 (d, J = 2.4
Hz, 1H, H-8), 5.04 (s, 1H, H-2), 3.87 (s, 3H, 70CHs-), 3.79 (s, 3H,
4'0OCHs-), 3.57 (s, 3H, 20CH3-), 1.67 (s, 3H, 3-C-CH3).13C NMR (CDCls,
400 MHz) 6 193.9 (C-4), 166.05 (C-7), 159.09 (C-4), 158.56 (C-8),
129.83 (C-2,6'), 129.61 (C-1'), 129.45 (C-5), 114,53 (C-4a), 113.30 (C-
3',5"),110.27 (C-2), 108.66 (C-6), 101.20 (C-8), 57.66 (7-O-CHz), 55.66
(4'-0-CHs), 55.14 (2-0-CHj3), 53.09 (C-3), 20.70 (CHa).

2.3. XRD-analysis

XRD-crystal data of isoflavanone 2 were recorded at 173 °K by means
of the CrysalisPro software [19] on a Gemini kappa-geometry diffrac-
tometer (Rigaku XtaLAB P100K Rigaku) equipped with an Atlas CCD
detector and using Mo radiation (A= 0.71073 1°\). The structure was
solved with SHELXT [20]. The crystal data and structure refinement
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parameters of the free ligand are illustrated in Table 1.
3. Results and discussion

3.1. Synthesis of (+)—2,7-dimethoxy-3-(4-methoxyphenyl) —3-
methylchroman-4-one 2

2,7-dimethoxy-3-(4-metho-xyphenyl)—3-methylchroman-4-one 2
was synthesized in a one-pot procedure by reacting 7,4’-dimethoxyiso-
flavone 1 with sodium methoxide in dry DMF under nitrogen atmo-
sphere, followed by the addition of iodomethane, as shown in Scheme 1.
Using 2D NMR and IR, as well as XRD crystallography, the structure of
isoflavanones 2 was established. Isoflavanone 2 was determined to be a
racemic combination using HPLC with a chiral column.

3.2. X-ray and DFT analysis

To confirm the 3D-structure of the 2,7-dimethoxy-3-(4-
methoxyphenyl)—3-methylchroman-4-one, XRD and DFT have been
performed, as seen in Fig. 1. Fig. 1a depicts XRD-ORTEP, whereas Fig. 1b
depicts DFT for the molecular structure. The desired compound was
crystallized in triclinic, space group P, with the following lattice pa-
rameters: a = 6.6670 (3), b =10.5319 (5), c = 11.8825 (5) f\, o= 88.104
(4), p =88.197 (4), and y = 78.960 (2)°. The XRD outcomes reflected the
formation of (F)- 2,7-dimethoxy-3-(4-methoxyphenyl)—3-methylchro-
man-4-one with racemic centers. Table 2 and Fig. 1 demonstrate that the
DFT-optimized structural parameters, including bond lengths and an-
gles, correlate extremely well with the XRD data. XRD/DFT-bond
lengths (Fig. 1b) with R? = 0.984 (Fig. 1c) and XRD/DFT-angles
(Fig. 1d) with R? = 0.984 were in excellent agreement as indicated
Fig. 1f. This observation verified the DFT-validity theory’s ability to
identify such structural properties, especially in organic compounds.

3.3. XRD-packing and HSA investigation

Several non-classical C—H O interactions add up to define the
structure of 2,7-dimethoxy-3-(4-methoxyphenyl)—3-methylchroman-4-
one 2. The formation of two distinct types of new synthons is the result
of short interactions between Cye-H O and Cpp-HO, which are
crucial for the structural stability of compounds [21-23]. The first
synthon is of S9 type and generated via a 2-D hydrogen-bonded network,
with two synthons per molecule constructed through nonclassical
Cph-H"Ocarbonyl and Cph-H" Ochroman interactions with 2.642 and
2.497 bond length and receptivity (Fig. 2a). The second synthon was of
the S14 2-D type, one per molecule, formed via 2C;,-H"Ope in-
teractions with 2.433 A (Fig. 2b). 1-D chain Cye-H*"O with 2.537 A, of
which two bonds per molecule contribute to the self-assembly mode of
interaction, as seen in Fig. 2c. Such non-classical and non-covalent
[H~~O] interactions, together with associated synthons, were critical
for 3D-crystal packing mode stability.

HSA calculation was performed using the original CIF file to support
the 3D-XRD molecular interactions in the crystal lattice of 2,7-dime-
thoxy-3-(4-metho-xyphenyl)—3-methylchroman-4-one [24-28].

The presence of several polar atoms, electrostatic functional groups,
and four main big-red points on the molecule surface was reflected in the
molecular structure (Fig. 3a), dporm (Fig. 3b), and shape index (Fig. 3c),
resulting in the formation of four non-covalent hydrogen bonds of type
C—H0 interactions. As revealed by the XRD data, the presence of this
number of spots on the calculated surface of the isoflavanones 2 sug-
gested the possibility of binding via four valuable [H~~O] H-bonds.
Furthermore, as illustrated in Fig. 3d, the 2D-FP computations verified
the presence of intermolecular interactions in the dependent: H"H
(52.3%)>CH(11.1%)>0""H(10.1%).
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Fig. 1. (a) XRD, (b) DFT-optimization structure, (c) XRD/DFT-histogram of bond lengths, (d) XRD/DFT-graphical correlation for bond lengths (e), XRD/DFT-
histogram of angles, and (f) XRD/DFT-graphical correlation for angles.
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Table 2
All DFT/XRD bond angles and angles.
Bond No. Bond type XRD DFT Angle No, Angle type XRD DFT
1 0001 C00B 1.385(2) 1.3915 1 C00B 0001 C000 113.2(1) 114.56
2 0001 C000 1.434(2) 1.4230 2 C00B 0002 CooC 116.67(9) 115.68
3 0002 C00B 1.445(2) 1.4422 3 C00G 0004 COON 117.9(1) 118.61
4 0002 Co0C 1.370(1) 1.3676 4 COOH 0005 CooM 117.1(1) 118.11
5 0003 C006 1.218(2) 1.2216 5 0003 C006 C008 122.3(1) 122.37
6 0004 C00G 1.353(1) 1.3581 6 0003 C006 COOF 122.2(1) 122.2
7 0004 COON 1.434(2) 1.4216 7 C008 C006 COOF 115.4(1) 115.23
8 0005 COOH 1.368(2) 1.3667 8 C00D C007 COOF 120.4(1) 121.17
9 0005 CooM 1.425(2) 1.4183 9 CO0D C007 COOK 117.1(1) 117.17
10 C006 C008 1.465(2) 1.4768 10 COOF C007 COOK 122.5(1) 121.6
11 C006 COOF 1.538(2) 1.5497 11 C006 C008 C009 120.6(1) 120.62
12 C007 CO0D 1.390(2) 1.4004 12 C006 C008 CooC 121.4(1) 121.18
13 C007 COOF 1.522(2) 1.5309 13 C009 C008 C00C 118.0(1) 118.17
14 C007 COOK 1.395(2) 1.4035 14 C008 C009 CO0A 121.3(1) 121.46
15 C008 C009 1.406(2) 1.4079 15 C009 CO0A C00G 119.7(1) 119.43
16 C008 CooC 1.396(2) 1.4041 16 0001 C00B 0002 109.7(1) 110.41
17 C009 CO0A 1.366(2) 1.3801 17 0001 C00B COOF 110.5(1) 109.06
18 CO0A C00G 1.405(2) 1.4104 18 0002 C00B COOF 112.1(1) 112.03
19 Co0B COOF 1.542(2) 1.5470 19 0002 CoocC C008 122.0(1) 122.07
20 CooC CO0I 1.390(2) 1.3978 20 0002 CooC C00I 116.3(1) 116.52
21 CO0D COOE 1.384(2) 1.3944 21 C008 Ccooc COo0I 121.7(1) 121.39
22 COOE COOH 1.390(2) 1.3996 22 C007 CO0D COOE 122.5(1) 121.93
23 COOF COOL 1.542(2) 1.5518 23 C00D COOE COOH 119.3(1) 119.85
24 C00G COo01I 1.391(2) 1.3973 24 C006 COOF C007 111.3(1) 113.09
25 COOH C00J 1.385(2) 1.3988 25 C006 COOF C00B 109.7(1) 108.11
26 C00J COOK 1.383(2) 1.3908 26 C006 COOF COOL 104.8(1) 105.01
27 C007 COOF C00B 110.9(1) 109.73
28 C007 COOF COOL 112.7(1) 112.22
29 C00B COOF COOL 107.2(1) 108.44
30 0004 C00G CO0A 114.9(1) 115.46
31 0004 C00G C00I 124.6(1) 124.06
32 CO0A C00G CooI 120.5(1) 120.48
33 0005 COOH COOE 123.9(1) 124.82
34 0005 COOH C00J 116.7(1) 116.02
35 COOE COOH C00J 119.4(1) 119.16
36 C0o0C CooI C00G 118.7(1) 119.06
37 COOH C00J COOK 120.5(1) 120.15
38 C007 COOK C00J 121.3(1) 121.74
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3.4. MEP, MAC and NPA analysis

The DFT/B3LYP approach at 6-311G(d,p) MEP offered useful elec-
trostatic information about all of the atoms in the molecule’s backbone;
as a result, some of the functional groups were categorized as electro-
philic/nucleophilic or neutral by color indication as follows: blue
(electrophilic) > cyan > green (neutrophilic) > yellow > orange>red
(nucleophilic) (Fig. 4a). The MEP also indicates four O (the highest
being O of carbonyl) and several C’s as nucleophilic sites, whereas all
H’s and a few C’s are electrophilic or neutral (Fig. 4b). As illustrated in
Fig. 4c and Table 3, the MAC/NPA charge calculations aid in deter-
mining the number of atoms in a molecule.

In general, NBA charges are greater than MAC charges; nevertheless,
all O atoms are negatively charged, with the O of carbonyl having the
greatest value. The majority of carbons have a low negative charge [24,
29], meanwhile, all of the H’s have a positive charge, with the H’s Me
having the largest positive value. Because certain H’s in Me and pH are
electrostatic and the O atoms are highly nucleophilic, MEP and
MAC/NPA simulations suggest the probability of CH~O H-bonding
formation.

3.5. 1H and 3C NMR investigations

Compound 2’s structural scaffold was established by 'H and 3C, and
2D NMR analysis (Fig. 5), where the experimental 'HNMR was
compared to the theoretical one in CDCl3 as shown in Figs. 5a and 5b.
The '"HNMR spectra revealed one Me, three OMe, and one CH proton in
the aliphatic area of 1-5 ppm, whereas aromatic protons were detected
in the 6.5-8.5 ppm range. As predicted, the OoC—H acetal proton is
found as a singlet with a high chemical shift of 5.0 ppm. All of the
protons were directly related to their expected chemical shifts, as shown
in Fig. 5. In terms of theoretical THNMR measurements, all of the pro-
tons’ chemical shifts exhibited a strong correlation with their experi-
mental counterparts’ chemical shifts, with only minor deviations in
certain situations (Fig. 5b). In general, the high graphical correlation
value (0.99) indicates an exceptional degree of congruence between the
two data shown in Fig. 5c.

B All s 73.5% Y H..H 523%
).

0608101 2!.4\.6'.32.02.211

A :

H....C10.1%

“06081.012141.61.82 02.22.1

Fig. 3. HSA computation: (a) Molecular structure, (b) dnom, (¢) Shape index, and (d) 2D-FP analysis.
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Table 3
MAC and NBA charge.
No. Atom MAC NBA No. Atom MAC NBA
1 O —0.5127 —0.59261 23 C —0.14161 —0.34884
2 [0} —0.56692 —0.55428 24 H 0.083161 0.23232
3 o —0.53175 —0.597 25 C —0.10226 —0.25971
4 (o} —0.54501 —0.51753 26 H 0.065407 0.21882
5 O —0.56054 —0.53818 27 C —0.11233 —0.18839
6 C 0.395199 0.57871 28 H 0.065123 0.21215
7 C 0.132004 —0.06087 29 C —0.29114 —0.62572
8 C 0.043965 —0.25146 30 H 0.121458 0.23504
9 C —0.07667 —0.12469 31 H 0.130959 0.23012
10 H 0.07724 0.22269 32 H 0.1285 0.23533
11 C —0.09058 —0.27357 33 C —0.06783 —0.26386
12 H 0.075745 0.22433 34 H 0.12643 0.19392
13 C 0.42866 0.43546 35 H 0.12835 0.19196
14 H 0.104459 0.20664 36 H 0.128796 0.21343
15 C 0.296665 0.37767 37 C —0.07223 —0.26505
16 C —0.06966 —0.15814 38 H 0.135574 0.19834
17 H 0.061454 0.21696 39 H 0.136686 0.1979
18 C —0.12058 —0.29343 40 H 0.137423 0.21762
19 H 0.073436 0.21793 41 C —0.0677 —0.26282
20 C —0.20276 —0.16947 42 H 0.128348 0.21076
21 C 0.348434 0.37164 43 H 0.12153 0.18964
22 C 0.332425 0.32243 44 H 0.124819 0.19381
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3.6. FT-IR investigations

Fig. 6 depicts the FT/DFT-IR spectrum for 2,7-dimethoxy-3-(4-
metho-xyphenyl)—3-methylchroman-4-one in the range of 4000-800
em™}, as well as its graphical correlation. Principal functional group
vibrations found in the experimental infrared spectroscopy were Cpp.y at
3020 cm™, Caiky-n at 2950-2840 cm™?, and C = O at 1676 cm™; all
other functional groups were referred to their expected wavenumber
regions (Fig. 6a). The DFT-theoretical IR measurements likewise
revealed these functional groups, albeit with a little variance in chemical
shifts (Fig. 6b), which is to be expected given that the theoretical mea-
surements were conducted in the gaseous state and the practical ob-
servations in the solid state. Fig. 6¢ demonstrates that despite this, the
graphical correlation is close to unity (0.9911).

3.7. LUMO/HOMO, TD-SCF/UV-vis., DOS and Tauc'’s optical gap
analysis

The LUMO/HOMO B3LYP frontier orbitals and density of state (DOS)
energy estimates are shown in Fig. 7. The AEgomo,Lumo found to be
4.501 eV (Fig. 7a). The energies of DOS [29] for LUMO/HOMO AEpos
found to be 4.462 eV (Fig. 7b). The degree of convergence between the
two techniques of calculating HOMOLUMO energy was high, with the
difference between them not exceeding 0.039 eV. Moreover, the
experimental UV-vis and TD-DFT/B3LYP analyses were compared in
DMSO to comprehend the optical and detect the electronic character-
istics. The UV-vis spectrum shows the existence of two absorption peaks
at max 208 nm and 274 nm, which are attributable to = to n* electron
transfer (Fig. 7c).

Similarly, TD-DFT/B3LYP calculations revealed two broadband at
Amax at 213 nm assigned to H-4=>L + 1(20%), H-2=>L + 1(68%) with
A)l= 5 nm with regard to the experimental band, and Ayax at 277 nm
attributed to H-3=>LUMO(19%), H-1=>LUMO(74%) with AA= 3 nm
with respect to the experimental band (Table 4). Moreover, Table 4
depicts the first 20 TD-DFT calculation bands with f>0.01, computed
energy (cm’l), wavelength (nm), and transition oscillator intensity (f).

The absence of visible absorption and the presence of only UV ac-
tivities validate the compound’s suitability as a photonic and optical
material; hence, the experimental direct optical band gap for Tauc was
developed, as depicted in Fig. 7d [30]. The Tauc’s AE, reflected the
molecule at 4.18 eV, which is less than the predicted AEgomo,Lumo and
AEpps but remains in high agreement. The TD-DFT of (2S,3S)-2,
7-dimethoxy-3-(4-metho-xyphenyl)—3-methylchroman-4-one  finding
provided significant insight not only into electrical behavior, but also
into the compatibility of experimental and computational spectra.

4. Conclusion

The novel 2,7-dimethoxy-3-(4-metho-xyphenyl)—3-methylchroman-
4-one 2 was synthesized in a one-pot procedure by reacting 7,4'-dime-
thoxydaidzein 1 with sodium methoxide, followed by iodomethane. The
XRD/DFT analysis validated the formation of a racemic compound; it
emerged that the theoretical and experimental structural characteristics
are very comparable. Due to the presence of four oxygen atoms in the
molecule’s backbone, a number of short CHO hydrogen bonds were
formed. The theoretical B3LYP-IR, TD-DFT, and THNMR results corre-
lated very well with the experimental FT-IR, UV-vis, and 'HNMR re-
sults, respectively. Moreover, the actual Tauc optical observations were
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Table 4
TD-DFT bands of 2,7-dimethoxy-3-(4-metho-xyphenyl)—3-methylchroman-4-
one.

No. E A Osc. Str. Major Contribs
(ecm™  @m) ®

1 31332.2  319.2  0.0121 HOMO->LUMO (95%)

2 31877.5  313.7  0.0105 H-4->LUMO (24%), H-2->LUMO (68%)

3 35282.7  277.4  0.1907 H-3->LUMO (19%), H-1->LUMO (74%)

4 381629 262 0.3168 H-3->LUMO (67%), H-1->LUMO (21%)

5 39442.1 2535  0.0142 H-4->LUMO (69%), H-2->LUMO (26%)

6 41342.4 2419  0.0337 HOMO->L+2 (70%)

7 42991 232.6  0.0445 HOMO->L+1 (89%)

8 44783.1  223.3  0.1409 H-5->LUMO (33%), H-1->L+1 (52%)

9 45497.7  219.8  0.0741 H-5->LUMO (64%), H-1->L+1 (24%)

10 46289.8 216 0.0145 H-1->L+2 (94%)

11 46600.3  214.6  0.2388 HOMO->L+3 (71%)

12 46873.7 213.3  0.0109 H-4->L+1 (20%), H-2->L+1 (68%)

13 484126  206.6  0.019 H-2->L+2 (15%), H-1->L+3 (80%)

14  48551.4 206 0.081 H-4->L+2 (25%), H-2->L+2 (47%), H-
1->L+3 (17%)

15 49808 200.8  0.0357 H-8->LUMO (13%), H-6->LUMO (71%)

16  50427.4  198.3  0.1197 H-4->L+3 (14%), H-3->L+1 (18%), H-
2->L+3 (47%)

17 50562.9 197.8  0.1405 H-4->L+3 (11%), H-3->L+1 (40%), H-
2->1+3 (22%)

18 50875 196.6  0.0011 H-4->L+1 (33%), H-3->L+2 (54%)

19 512049 1953  0.1058 H-7->LUMO (13%), H-4->L+1 (33%),
H-3->L+2 (19%)

20 522446 191.4  0.1102 H-7->LUMO (68%), H-3->L+1 (10%)
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