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Xanthenone based hydrazone derivatives (5a-n) have been synthesized as potential a-glucosidase inhibitors. All
synthesized compounds (5a-n) are characterized by their FTIR, 'H NMR, '*C NMR and HRMS, and in case of 5g
also by X-ray crystallographic technique. The compounds unveiled a varying degree of a-glucosidase inhibitory
activity when compared with standard acarbose (ICso = 375.38 *= 0.12 uM). Amongst the series, compound 51
(ICsp = 62.25 * 0.11 uM) bearing a trifluoromethyl phenyl group is found to be the most active compound.
Molecular modelling is performed to establish the binding pattern of the more active compound 51, which

revealed the significance of substitution pattern. The pharmacological properties of molecules are also calculated
by MedChem Designer which determines the ADME (absorption, distribution, metabolism, excretion) properties
of molecules. The solid state self-assembly of compound 5g is discussed to show the conformation and role of
iminoamide moiety in the molecular packing.

1. Introduction

Diversity oriented synthesis and cyclization reactions continues to
grow powerful stratagem in organic synthesis and has inspired ad-
vances in drug designing and synthesis of compounds having natural
product skeleton [1]. The synthesis of xanthene and its derivatives have
gained prodigious attention in the last few decades due to their pro-
minent position in medicinal chemistry. Xanthenes and benzoxanthenes
exhibit diverse pharmaceutical activities such as antiviral [2,3] 1, an-
tidiabetic [4] 2, antibacterial [5-8] 3, antiplasmodial 4 and antioxidant
[9-11] 5. Furthermore, xanthene and their derivatives due to inter-
esting spectroscopic properties have been used as dyes [12] and in laser
technology [13] (Fig. 1).

Furthermore, xanthene derivatives have been reported as charge-
control agent in electrophotographic toner [13], pH sensitive fluor-
escent material for the visualization of biomolecules and as marker or
biological stains [14]. Rhodamine and rosamine particularly have been
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used in ink for ink-jet printers [15]. These compounds have also been
investigated for photodynamic therapy, anti-inflammatory effects [16]
and agricultural bactericidal activity [17]. A number of xanthene de-
rivatives are the structural motifs of naturally occurring compounds, as
santalin pigments have been isolated from a number of plant species
[18].

Hydrazones constitute versatile class of compounds in heterocyclic
chemistry and possess potential biological activities such as antioxidant
[19], anticonvulsive [20], antitumor [21], anti-inflammatory [22],
antiviral [23], antimicrobial [24,25] and analgesic [26]. The inclusive
medicinal importance associated with xanthenes and hydrazones both
naturally occurring and synthetic, confirm that the synthesis of these
compounds remains a topic of current interest. Diabetes mellitus is one
of the most common metabolic disease worldwide and consists of sev-
eral types, one of which is noninsulin dependent diabetes mellitus (type
2 DM). This increasing trend in type 2 DM, has become a serious
medical concern worldwide that prods every exertion in reconnoitering
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Fig. 2. Some commercial anti-diabetic drugs.

for new therapeutic agents to stem its progress [27]. It has been re-
ported that diabetes mellitus will affect 300 million people worldwide
by 2025 [28]. More than 90% of the patients possess diabetes mellitus
type-2 [29] which is a metabolic disorder showing hyperglycemia ei-
ther due to insulin resistance or relative insulin deficiency. Its symp-
toms include excessive thirst, hunger and urination. There are many
approaches to manage hyperglycemia and one such way is to inhibit the
activity of a-glucosidase (EC.3.2.1.20) enzyme produced by the brush
border of small intestine. It causes hydrolysis of a-1-4 glycoside bond
in oligosaccharides to produce glucose which is absorbed and is re-
sponsible for post-prandial hyperglycemia in diabetic patients [30]. The
inhibitors of this enzyme include Acarbose, Voglibose and Miglitol

(Fig. 2) which are used as antidiabetic drugs in the market but cause
flatulence, diarrhea and abdominal discomfort [31]. Therefore, to
overcome side effects, there is always need of a-glucosidase inhibitors.
The present studies are a perpetuation of our work in search for lead
compounds inhibiting the said enzyme.

Thus, in continuation of our drug discovery research [32-35], pre-
sent study is to synthesize a novel series of hydrazones of 2,3,4,4a
tetrahydroxanthene-1-one and screen them mainly for their in vitro a-
glucisidase inhibition activity. This study is one of the first to report on
hydrazones of 2,3,4,4a tetrahydroxanthene-1-one with a-glucisidase
inhibitory potential.
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Table 1
2,3,4,4a-tetrahydro-1H-xanthen-1-ylidene)benzohydrazide (5a-n).
Compound no. R Yield (%) Compound no. R Yield (%)
5a 84 5h 88
oo
5b F 72 5i X 80
»
N
5¢ F 78 5j F\©/\ 73
F: i
5d CHj, 85 5k 85
F
E
Se F 80 51 /@/\ 82
H30j©/ F3C
5f F 65 5m CHy 90
©/ HsCo
CHj;
5g 79 5n Cl 81

H3C:©/
F

2. Results and discussion
2.1. Chemistry

To investigate the potential of xanthene based hydrazones (5a-n), a
series of substituted hydrazide (4a-n) were taken to react with
2,3,4,4a-tetrahydroxanthen-1-one (3) prepared by previously reported
methodology [32]. A typical condensation method was instigated by
treating appropriate hydrazides (4a-n) with xanthene (3). The reaction
was carried out in ethanol by using catalytic amount of glacial acetic
acid (1-2 drops). The optimization of reaction conditions was done by
treating phenylhydrazide (4a) with xanthene (3) in equimolar amounts
by using solvents of variable polarity i.e. ethanol, methanol, DCM, THF
and DMSO. The optimum conditions were established by refluxing the
reaction mixture in the presence of ethanol as solvent and by employing
glacial acetic acid as catalyst. The scope of reaction was extended vide
reacting xanthene (3) with assortment of hydrazides (1a-p). The tar-
geted hydrazones (5a-n) were obtained in good to excellent yields
(65-90%) (Table 1) (see Scheme 1).

The structures of novel hydrazones derived from xanthene (3) were
established by using spectroscopic techniques i.e. IR, "H NMR, '*C NMR
and mass spectrometry. The stretching of N—H band of hydrazone
moiety in FTIR appeared in the range of 3205-3378 cm ™' whereas
amidic C=O0 stretching was observed between 1647 and 1687 cm™*
affirming the formation of new C=N (azomethine) linkage in hy-
drazones (5a-n). In '"H NMR spectra (recorded in CDCl3), NH-N=C
appeared in the range from 8 7.44-7.82 ppm while in DMSOd, it ap-
peared as singlet ranging from 8 10.61-11.75 ppm. The HRMS was also
taken to endorse the molecular mass of the synthesized derivatives

(5a-n) and was found to be in good agreement with the calculated
values. The spectral data of other aromatic and aliphatic protons was
also in accordance with the structures of predicted compounds. The
mass fragmentation pattern of a representative compound (5j) is also
shown in (Fig. 3). The structure of the xanthene based hydrazone was
also established by taking single crystal X-ray of (5g).

2.2. X-ray crystallographic studies

The single crystals of compound 5g for X-ray diffraction analysis
were grown in solvent by its slow evaporation. The compound 5g
crystallizes in orthorhombic crystal lattice with the Pbca space group.
The molecular structure (ORTEP diagram) of compound 5g containing
crystallographic numbering is presented in Fig. 4. In the crystal struc-
ture, the central N-iminoamide moiety is nearly planar having the aryl
and tetrahydroxanthene moieties tilted from the plane. The dihedral
angles between C(16)—C(15)—C(14)—0(2) and C(8)—C(13)—N(1)—N
(2) are —142.21° and —176.70°, respectively. The planarity of central
iminoamide moiety can be attributed to the delocalized nitrogen elec-
trons onto the amide as well as to the imino moiety, which is clearly
evidenced by the bond lengths between N—C [N(2)—C(14) 1.357 10\] and
N—N [N(2)—N(1) 1.386 A]. In contrast to the previously highlighted cis-
conformation of thioamides of thiosemicarbazones [32,36], the central
amide moiety in compound 5g is present in trans-conformation. Hence,
the centrosymmetric amide dimer R3(8) (---H—N—C=O0), synthon is
absent in the packing of compound 5g (Fig. 4).

The molecules in 3D packing of compound 5g are arranged at nearly
right angle to each other making 1D-supramolecular chains (Fig. 5a).
The main intermolecular interactions include NH---O (N(2)—H(2A)---O
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Scheme 1. Synthesis of 2,3,4,4a-tetrahydroxanthen-1-one 3 and its hydrazone derivatives.

(2) 2.621 A), NH---N (N(2)—H(2A)---N(1) 2.551 A) and CH---O (C(21)
—H(21C)---0(2) 2.636 A & C(16)—H(16)---0(2) 2.58810\). The 1D-su-
pramolecular chains are connected to the neighbouring chains by
means of CH—F (C(21)—H(21A)---F(1) 2.520 f\) interaction providing
an overall 3D-network structure [37] (Fig. 5b and c).

2.3. a-glucisidase inhibitory activity

The inhibitory activity of Xanthene derivatives (5a-n) towards
yeast a-glucisidase was measured [38-40] and the mainstream of
compounds unveiled a varying degree of a-glucosidase inhibitory ac-
tivity with ICso values when equated with standard acarbose
(ICso = 375.38 = 0.12uM) and the results are summarized in Table 2.
Among the series, compounds 51, 5g, 5j, 5n and 5m were found to be
most active a-glucisidase inhibitor with ICs, value of 62.25 = 0.11,
79.25 + 0.15, 95.48 + 0.13, 96.48 = 0.53 and 96.54 *= 0.57 uM,
while in pool of remaining compounds 5b, 5d, 5k showed loss of in-
hibitory activity. The overall order of a-glucosidase inhibition activity
of compounds (5a-n) was as follows:

51 > 5g > 5j > 5n > 5m > 5f > 5¢ > 5h > 5a > 5e > 5i > 5b > 5d
> 5k

2.4. Structure-activity relationship

The SAR of compounds (5a-n) have been described by the presence
of electron donating and withdrawing groups. The presence of electron
withdrawing groups on ortho, meta and para positions of phenyl ring
such as trifluoromethyl and fluorine results in an increase and decrease
in inhibitory activity of compounds (Table 2). The compound 51 con-
taining trifluoromethyl group at the para position of the phenyl ring
exhibited potent a-glucosidase inhibitory activity with ICsy value of
62.25 + 0.11pM. The second most active compound 5g
(ICso = 79.25 = 0.15uM) have fluorine moiety at para position in-
dicating that electron withdrawing groups at para position may be re-
sponsible for increased in activity. This compound have also methyl
group at para position, which decreased their activity. The activity of
this compound little further decreased, when this fluorine moiety shift
to meta  position as observed in  compound  5e

375

(ICs0 = 79.25 = 0.15 pM). The activity further 5 time decreased, when
methyl group shift to ortho as observed in compound 5d
(ICs0 = 317.12 = 0.12 uM), which may be produced steric hindrance
in the interaction of this compound with enzyme active site. The
compound 5j bearing fluorine at meta position also showed good ac-
tivity with ICsq value of 95.48 + 0.13 uM. The activity of this com-
pounds decrease when another fluorine was substituted at para position
as in compound 5c¢ (ICsp = 124.58 = 0.15 uM), while the activity 3
time decreased, when fluorine shifted to ortho position (compound 5b)
The binding interactions of molecule into active site of a-glucosidase
were elucidated by molecular docking studies.

2.5. In silico Studies

2.5.1. Homology model of S. cerevisiae a-glucosidase

The 3D structure of a-glucosidase is required for molecular docking
studies. For this purpose, first homology modelled 3D structure of the
target S. cerevisiae a-glucosidase was made. The sequence alignments
between isomaltase from S. cerevisiae (PDB ID: 3A4A) and S. cerevisiae
a-glucosidase showed that there was high sequence identity and se-
quence similarity of 71.4% and 86.9%, respectively. Crystal structure of
isomaltase from S. cerevisiae was selected as template structure and
downloaded from protein databank. Twenty different modelled struc-
tures were built and based on DOPE score, the best model was selected.
Validation of modelled structure was performed via Ramachandran plot
and showed that about 98.1% residues were in favoured region, 1.9%
residues were in allowed region while no outlier residue was found in
structure (Table 3). It indicated the good stereochemistry of modelled
structure and was found fit for further docking studies. 3D overlapped
structure of template structure and modelled structure of a-glucosidase
are shown in Fig. 6 while Ramachandran plot is shown in Fig. 7.

2.5.2. Molecular Docking Studies

To validate the docking protocol, first bound co-crystal ligand the a-
p-glucose was docked in the modelled structure which exhibited very
good RMSD of 0.73 (Fig. 8). It shows the crystal and re-docked a-p-
glucose within the active site of target structure. Fig. 9 shows the
overlapped binding orientation of all docked compounds within the
active site of modelled structures. Docking of all compounds within the
active site showed that all compounds were docked well within the
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Fig. 5. Molecular packing of compound 5g: (a) showing 1D-supramolecular chains along a-axis; (b) showing 3D-network structure along a-axis; (c¢) showing 3D-

network structure along b-axis.

active site of target enzymes (Fig. 9) and ChemGauss4 score of docked
compounds is shown in Table 4. Differences in binding interactions
were due to the attached side chain differences in corresponding
compounds. Detailed analysis of binding interactions of potent com-
pounds, for example 51, which showed relatively higher inhibitory
potential than the other tested compounds, exhibited ChemGauss4
score of —11.478. Different amino acid residues of target enzyme were
involved in making binding interactions with side chains of compound
51 (Fig. 10). Amino acid residues Thr215 and Glu276 were involved in

377

forming two hydrogen bonds with the two nitrogen atoms of the hy-
drazine moiety as shown in green dotted line. Fluorine atoms were
involved in forming halogen interaction with amino acid residues
Arg312, Asp408 and Phel57, as shown in cyan dotted line in (Fig. 10).
Amino acid Phe300 was also involved in making pi-pi stacked with
fused benzene moiety of compound 51 as shown in pink dotted line.
Other hydrophobic interactions were formed between amino acid re-
sidues Phe300 and Phel57 and pyran and cyclohexane moiety of
compound as shown in (Fig. 11).
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Table 2
Yeast anti-a-glucosidase activity. Data is mean of three values (mean *+ s.e.m.,
n=3).

Compound ICs0 (UM = SEM) Compound ICso (uM += SEM?)
5a 148.26 + 0.14 5h 138.25 + 0.13
5b 316.34 = 0.12 5i 157.26 + 0.17
5¢ 124.58 + 0.15 5j 95.48 + 0.13

5d 317.12 = 0.12 5k 317.28 += 0.18
5e 153.26 = 0.19 51 62.25 *+ 0.11

5f 123.29 + 0.13 5m 96.54 + 0.57

58 79.25 * 0.15 5n 96.48 + 0.53
Acarbose 375.38 = 0.12

Table 3

Ramachandran plot analysis of S. cerevisiae a-glucosidase.

Favoured region Allowed region Outlier region

569 (98.1%) 11 (1.9%) 0 (0.0%)

Fig. 6. 3D overlapped orientation of template structure (PDB: 3A4A in green
colour) superimposed on modelled structure of a-glucosidase in (purple
colour).

2.6. ADME properties of compounds

The pharmacological properties of molecules were calculated by
MedChem Designer [41], which determines the ADME (absorption,
distribution, metabolism, excretion) properties of molecules (Table 5).
It is shown that the computational methods could be used for the pre-
diction of intestinal drug permeability in rats as does the experimental
methods. Amongst the calculated parameters, higher logD and logP
values and lower number of hydrogen bonds predict higher bioavail-
ability of drugs. TPSA is the topological polar surface area expressed in
square angstroms. A molecule with TPSA value of < 60 A% exhibits
sufficient bioavailability whilst if this value exceeds 140 A2, the bioa-
vailability of molecule is decreased substantially [42]. In the present
study, all molecules showed excellent TPSA values of < 60 A2 except
compound 5h and 5n have shown slightly higher TPSA values but not
exceeding the upper limit. Thus all these molecules have desirable drug-
like TPSA property.

Bioorganic Chemistry 84 (2019) 372-383

3. Conclusions

In conclusion, a series of novel hydrazones of 2, 3, 4,4a tetra-
hydroxanthene-1-one (5a-n) have been synthesized and screened them
mainly for their in vitro a-glucosidase inhibition activity. Importantly,
all the synthesized compounds are more active than the standard.
Among the series, compounds 51, 58, 5j, 5n and 5m are found to be the
most active a-glucisidase inhibitors with ICs, values of 62.25 + 0.11,
79.25 * 0.15, 95.48 = 0.13, 96.48 = 0.53 and 96.54 = 0.57 UM,
respectively compared to standard acarbose
(ICso = 375.38 = 0.12 uM). These results clearly indicate the potential
of this class of compounds and highlight the significant role of sub-
stituents in biological activity. The ADME properties of all molecules
showed excellent TPSA values of < 60 A2 except compound 5h and 5n
that have shown slightly higher TPSA values but not exceeding the
upper limit, so all these molecules have desirable drug-like TPSA
property. Molecular modelling established the binding pattern of the
more active compound 51 and also emphasized the role of tri-
fluoromethyl substituent in its potent a-glucisidase inhibitory activity.
The highly active compounds presented in this manuscript provide an
interesting platform for the development of drugs that can effectively
be used for treatment of diabetes mellitus type IIL.

4. Experimental
4.1. General information

Melting points were taken on a Fisher-Johns melting point appa-
ratus and are uncorrected. IR spectra (KBr discs) were take on Shimadzu
Prestige-21 FT-IR spectrometer. The '"H NMR spectra were recorded in
CDCl; or DMSOdg on Bruker-500 MHz spectrometer, operating at 400 &
500 MHz and '3C NMR at 125 MHz using TMS as an internal standard.
The electron impact mass spectra (EIMS) were determined with JEOL
MS Route mass spectrometer. TLC plates used to check the purity of
compounds were coated with Merck silica gel 60 GF254. In vitro bio-
logical evaluation of the synthesized compounds was done at
Department of Biochemistry and Biotechnology, The Islamia University
of Bahawalpur, Bahawalpur.

4.2. Preparation of 2,3,4,4a,-tetrahydro-xanthene-1-one (3)

The precursor xanthene was prepared following our previously re-
ported procedure [32]. Briefly, to a solution of salicylaldehyde
(1 mmol) in methanol (3 mL) was added and trimethyl amine (1 mmol).
After stirring at room temperature for 10min, cyclohexene-1-one
(3 mL) was added and the reaction mixture was stirred for 36 h at room
temperature. After completion of the reaction as monitored by TLC, the
orange yellow precipitate formed were filtered and washed with cold
methanol and dried under vacuum to afford xanthene 1.

4.3. Synthesis of Xanthene-hydrazones (5a-n)

A solution of the hydrazide (4a-n) (1 mmol) in ethanol (8 mL) was
added cautiously to a stirred solution of 2,3,4,4a,-tetrahydro-xanthene-
1-one (3) (1 mmol) in ethanol (8 mL) in the presence of acetic acid as
catalyst (1-2 drops) and the reaction mixture was heated at reflux for
8h. The progress of the reactions was monitored by TLC. After com-
pletion, yellow solid separated and the reaction was cooled at room
temperature. The product was filtered, washed with cold ethanol and
dried under vacuum. The synthesized hydrazone derivatives were fur-
ther purified via recrystallization using ethanol/dioxan as solvent
mixture. The spectral data of the hydrazones (5a-n) is given as under.

4.3.1. (E)-N’-(2,3,4,4a-tetrahydro-1H-xanthen-1-ylidene)benzohydrazide
(5a0)
Off-white solid, Yield, 84%; mp, 250-252 °C; IR (KBr), v (cm™b):
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Fig. 7. Validation of homology model of a-glucosidase using RAMPAGE Ramachandran Plot.

Fig. 8. Validation of docking protocol, co-crystal bound a-p-glucose (green)
and redocked a-p-glucose (cyan) in model structure (RMSD = 0.73).

3305 (NH), 1681 (C=0), 1609 (C=N). 'H NMR (DMSOdp), & (ppm):
1.46-1.50 (m, 1H, cyclohexyl), 1.75-1.83 (m, 1H, cyclohexyl),
1.88-1.95 (m, 1H, cyclohexyl), 2.09-2.24 (m, 2H, cyclohexyl),
2.70-2.78 (m, 1H, cyclohexyl), 4.83-4.88 (m, 1H, O—CH), 6.82-6.84

379

Fig. 9. Orientation of all docked compounds (5a-n), within the active site of
modelled structure of a-glucosidase. Different interacting amino acids within
the active site of a-glucosidase are shown in stick form.

(m, 1H, Ar—H), 6.90-6.94 (m, 1H, Ar—H), 7.14-7.17 (m, 2H, Ar—H),
7.22-7.24 (m, 2H, Ar—H), 7.30-7.32 (m, 4H, Ar—H), 10.53 (s, 1H,
NH—N); '3C NMR § (ppm) 18.47, 26.54, 29.86, 74.71, 115.69, 120.74,
121.56, 122.32, 123.66, 126.77, 128.68, 129.55, 130.01, 131.68,



Q.-u.-N. Tariq et al.

Table 4
ChemGauss4 score of all compounds (5a-n) against o-
glucosidase modelled structures.

Compound ChemGauss4 score
5a —11.09
5b —10.49
Sc -10.77
5d —10.42
5e —10.61
5f —-11.03
5g —10.94
5h —11.55
5i -11.29
5j —10.84
5k —11.04
51 —11.47
5m -11.76
5n -7.77

_ Copis
: )PHEW

Fig. 10. 3D binding interactions of compound 51 within the active site of a-
glucosidase. Interacting amino acid residues are shown in light tan colour while
compound is shown in blue colour. Hydrogen bonding is shown in green dotted
form while pi-pi interaction is shown in pink dotted line, other halogen inter-
actions are shown in cyan colour.

VAL
A:277
ASN
A:241
THR
Koz A2
H
S
ARG
A:312
PHE
A:157
K500
ASN ARG :
Az L2 M e 56
' 7R A:349 GLN &Y
R A:350

Fig. 11. 2D binding interactions of compound 51 within the active site of a-
glucosidase. Hydrogen bonding is shown in green dotted form while pi-pi in-
teraction is shown in pink dotted line, other halogen interactions are shown in
cyan colour.

380

Bioorganic Chemistry 84 (2019) 372-383

Table 5

Calculated values of ADME properties of compounds.
Code  MlogP S + logP S +1logD Mol Wt MNO  TPSA HBDH
5a 3.445 4.009 4.007 318.378 4 50.69 1
5b 3.825 4.262 4.259 336.368 4 50.69 1
5c 4.204 4.582 4.579 354.359 4 50.69 1
5d 4.046 4.475 4.473 350.395 4 50.69 1
Se 4.046 4.583 4.581 350.395 4 50.69 1
5f 4.046 4.547 4.544 350.395 4 50.69 1
5g 4.046 4.554 4.552 350.395 4 50.69 1
5h 4.158 5.462 4.883 384.437 5 70.92 2
5i 2.430 2.895 2.892 319.365 5 63.58 1
5j 3.778 4.139 4.138 350.395 4 50.69 1
5k 3.778 4.205 4.204 350.395 4 50.69 1
51 4.208 4.782 4.781 400.403 4 50.69 1
5m 3.992 5.275 5.274 426.519 5 59.92 1
5n 4.039 5.834 5.833 550.445 7 89.02 2

S + logP and MlogP are octanol-water distribution coefficients (It should
be < 5.0).

S + logD is pH dependent octanol-water distribution coefficient.

HBDH indicates number of hydrogen bond donors (It should be < 5H-bond
donors)

MNO value indicates total number of hydrogen bond acceptor (sum of N & O
atoms).

It should be < 10H-bond acceptors.

Mol Wt is molecular weight (It should be 180-480 Daltons).

TPSA is the topological polar surface area expressed in square angstroms (It
should be < 140 A2).

136.38, 146.83, 151.75, 154.48, 167.44, 173.59; HRMS calc. for
C2oH;8N>0, 318.1368, found 318.1371.

4.3.2. (E)-2-fluoro-N’-(2,3,4,4a-tetrahydro-1H-xanthen-1-ylidene)
benzohydrazide (5b)

White solid, Yield, 72%; mp, 208-209 °C; IR (KBr), v (cm ™ 1): 3347
(NH), 1687 (C=0), 1610 (C=N). 'H NMR (CDCl3), & (ppm): 1.52-1.63
(m, 1H, cyclohexyl), 1.85-1.94 (m, 1H, cyclohexyl), 2.11-2.16 (m, 2H,
cyclohexyl), 2.31-2.34 (m, 1H, cyclohexyl), 2.52-2.57 (m, 1H, cyclo-
hexyl), 4.83-4.87 (m, 1H, O—CH), 6.84 (d, 1H, J = 8.0 Hz, Ar—H), 6.92
(t, 1H, J = 6.8 Hz, Ar—H), 7.05-7.21 (m, 6H, Ar—H), 7.31-7.32 (m, 1H,
Ar—H), 8.72 (s, 1H, NH-N); 3C NMR & (ppm) 18.44, 24.77, 29.44,
74.27, 115.19, 115.37, 115.59, 121.94, 122.22, 123.53, 124.06,
127.82, 128.74, 129.82, 129.98, 131.58, 131.61, 146.74, 154.55,
160.20, 162.16; HRMS calc. for CyH,7,FN,O, 336.1274, found
336.1272.

4.3.3. (E)-3,4-difluoro-N’-(2,3,4,4a-tetrahydro-1H-xanthen-1-ylidene)
benzohydrazide (5c)

Light yellow solid, Yield, 80%; mp, 224-225 °C; IR (KBr), v (cm™b):
3332 (NH), 1647 (C=0), 1605 (C=N). 'H NMR (DMSOdg), § (ppm):
1.44-1.54 (m, 1H, cyclohexyl), 1.74-1.83 (m, 1H, cyclohexyl),
1.88-1.92 (m, 1H, cyclohexyl), 2.07-2.25 (m, 2H, cyclohexyl),
2.71-2.78 (m, 1H, cyclohexyl), 4.85-4.87 (m, 1H, O—CH), 6.82-6.85
(m, 1H, Ar—H), 6.94 (t, 1H, J = 7.5Hz, Ar—H), 7.11-7.25 (m, 4H,
Ar—H), 7.34-7.38 (m, 2H, Ar—H), 10.61 (s, 1H, NH—N); *C NMR §
(ppm) 18.56, 26.55, 29.84, 74.69, 115.70, 117.70, 118.61, 119.03,
120.89, 121.66, 122.31, 123.63, 126.83, 128.14, 130.04, 131.58,
134.09, 147.17, 154.501, 166.88, 173.03; HRMS calc. for
CooH16F2N20O5 354.1179, found 354.1183.

4.3.4. (E)-3-fluoro-2-methyl-N’-(2,3,4,4a-tetrahydro-1H-xanthen-1-
ylidene)benzohydrazide (5d)

Light yellow solid, Yield, 85%; mp, 222-224 °C; IR (KBr), v (ecm™1):
3231 (NH), 1664 (C=0), 1606 (C=N). 'H NMR (DMSOdp), & (ppm):
1.49-1.51 (m, 1H, cyclohexyl), 1.89-1.90 (m, 1H, cyclohexyl),
1.78-1.83 (m, 1H, cyclohexyl), 2.15-2.20 (m, 2H, cyclohexyl), 2.27 (s,
3H, CHj), 2.78-2.81 (m, 1H, cyclohexyl), 4.91-4.93 (m, 1H, O—CH),
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6.85 (d, 2H, J = 8.0Hz, Ar—H), 6.95 (t, 1H, J = 7.5Hz, Ar—H),
7.12-7.19 (m, 2H, Ar—H), 7.27-7.33 (m, 3H, Ar—H), 10.88 (s, 1H,
NH-N); *C NMR & (ppm) 11.80, 18.65, 26.90, 29.91, 74.74, 115.71,
116.86, 122.23, 123.12, 123.26, 123.64, 124.20, 127.81, 128.34,
130.31, 131.69, 138.66, 154.64, 161.99, 164.89, 171.22; HRMS calc.
for Cp1H;0FN,0, 350.1430, found 350.1432.

4.3.5. (E)-3-fluoro-4-methyl-N’-(2,3,4,4a-tetrahydro-1H-xanthen-1-
ylidene)benzohydrazide (5e)

Light brown solid, Yield, 80%; mp, 188-190 °C; IR (KBr), » (cm ™ '):
3370 (NH), 1675 (C=0), 1606 (C=N). 'H NMR (CDCl3), § (ppm):
1.65-1.75 (m, 2H, cyclohexyl), 1.96-2.03 (m, 1H, cyclohexyl),
2.09-2.11 (m, 1H, cyclohexyl), 2.34 (s, 3H, CH3), 2.56-2.62 (m, 2H,
cyclohexyl), 4.91-4.93 (m, 1H, O—CH), 6.83-6.97 (m, 3H, Ar—H),
7.14-7.15 (m, 1H, Ar—H), 7.21-7.27 (m, 2H, Ar—H), 7.42-7.43 (m, 2H,
Ar—H), 7.5 (bs, 1H, NH-N); '*C NMR § (ppm) 17.72, 29.53, 38.28,
74.80, 115.72, 116.13, 122.34, 122.40, 122.51, 123.57, 128.31,
130.25, 130.32, 130.38, 131.36, 131.80, 132.46, 153.88, 155.77,
197.11; HRMS calc. for Co;H;0FN,0, 350.1430, found 350.1433.

4.3.6. (E)-2-fluoro-5-methyl-N’-(2,3,4,4a-tetrahydro-1H-xanthen-1-
ylidene)benzohydrazide (5f)

Brown solid, Yield, 65%; mp, 194-196 °C; IR (KBr), v (em™1): 3293
(NH), 1667 (C=0), 1623 (C=N). 'H NMR (DMSOdg), & (ppm):
1.50-1.54 (m, 1H, cyclohexyl), 1.81-1.90 (m, 2H, cyclohexyl),
2.21-2.27 (m, 2H, cyclohexyl), 2.33 (s, 3H, CH3), 2.78-2.81 (m, 1H,
cyclohexyl), 4.90-4.93 (m, 1H, O—CH), 6.81-6.98 (m, 3H, Ar—H),
7.17-7.30 (m, 4H, Ar—H), 7.47-7.88 (m, 1H, Ar—H), 10.77 (s, 1H,
NH-N); '3C NMR § (ppm) 18.62, 20.49, 26.70, 29.89, 74.71, 115.72,
116.19, 122.27, 123.62, 128.34, 130.38, 131.61, 132.45, 133.43,
134.17, 147.90, 154.32, 157.06, 159.01, 161.18, 168.59, 197.10;
HRMS calc. for Cy1H;9FN,0O, 350.1430, found 350.1432.

4.3.7. (E)-4-fluoro-3-methyl-N’-(2,3,4,4a-tetrahydro-1H-xanthen-1-
ylidene)benzohydrazide (58)

Light yellow solid, Yield, 79%; mp, 190-191 °C; IR (KBr), » (cm ™)
3352 (NH), 1653 (C=0), 1608 (C=N). 'H NMR (CDCls), § (ppm):
1.60-1.69 (m, 1H, cyclohexyl), 1.91-2.00 (m, 1H, cyclohexyl),
2.08-2.12 (m, 1H, cyclohexyl), 2.34 (s, 3H, CH3), 2.31-2.36 (m, 2H,
cyclohexyl), 2.66-2.70 (m, 1H, cyclohexyl), 4.88 (m, 1H, O—CH), 6.84
(d, 1H, J = 8.0 Hz, Ar—H), 6.92 (ddd, 1H, J = 7.6, 0.8 Hz, Ar—H), 7.08
(t, 1H, J = 8.8 Hz, Ar—H), 7.13-7.18 (m, 2H, Ar—H), 7.62-7.73 (m, 2H,
Ar—H), 8.38 (s, 1H, NH-N); *C NMR § (ppm) 14.57, 18.61, 29.66,
38.82, 74.11, 115.52, 116.02, 121.72, 123.36, 124.23, 126.52, 128.14,
129.82, 130.01, 131.53, 132.06, 154.60, 162.57, 164.55, 197.54;
HRMS calc. for Cy1H;9FN,0O, 350.1430, found 350.1434.

4.3.8. (E)-2-hydroxy-N’-(2,3,4,4a-tetrahydro-1H-xanthen-1-ylidene)-1-
naphthohydrazide (5h)

Yellow solid, Yield, 88%; mp, 228-229 °C; IR (KBr), v (em™1): 3205
(NH), 1674 (C=0), 1617 (C=N). H NMR (DMSOdg), & (ppm):
1.58-1.64 (m, 1H, cyclohexyl), 1.83-1.90 (m, 1H, cyclohexyl),
1.97-1.99 (m, 1H, cyclohexyl), 2.27-2.30 (m, 1H, cyclohexyl),
2.36-2.40 (m, 1H, cyclohexyl), 2.73-2.77 (m, 1H, cyclohexyl),
4.91-4.94 (m, 1H, O—CH), 6.88 (d, 1H, J = 8.0 Hz, Ar—H), 6.96 (t, 1H,
J =7.5Hz, Ar—H), 7.19 (t, 1H, J = 7.0 Hz, Ar—H), 7.32-7.38 (m, 4H,
Ar—H), 7.50 (t, 1H, J = 7.5 Hz, Ar—H), 7.77 (d, 1H, J = 8.0 Hz, Ar—H),
8.64 (s, 1H, Ar—H), 11.51 (s, 1H, OH), 11.75 (s, 1H, NH—N); 13CNMR §
(ppm) 18.47, 26.09, 29.54, 74.60, 111.14, 115.75, 121.13, 122.01,
122.40, 123.77, 124.39, 126.18, 127.68, 128.38, 128.79, 129.41,
130.31, 131.33, 132.79, 136.23, 151.95, 153.11, 154.63, 161.75;
HRMS calc. for C24H20N203 3841473, found 384.1474.

4.3.9. (E)-N’-(2,3,4,4a-tetrahydro-1H-xanthen-1-ylidene)
nicotinohydrazide (51)
Light brown solid, Yield, 80%; mp, 186-187 °C; IR (KBr), v (cm™1):

Bioorganic Chemistry 84 (2019) 372-383

3213 (NH), 1666 (C=0), 1602 (C=N). 'H NMR (DMSOdg), 6 (ppm):
1.50-1.55 (m, 1H, cyclohexyl), 1.83-1.85 (m, 1H, cyclohexyl),
1.93-1.95 (m, 1H, cyclohexyl), 2.27-2.29 (m, 2H, cyclohexyl),
2.88-2.93 (m, 1H, cyclohexyl), 4.93-4.95 (m, 1H, O—CH), 6.86 (d, 1H,
J =8.0Hz, Ar—H), 6.93-6.98 (m, 1H, Ar—H), 7.17-7.23 (m, 3H,
Ar—H), 7.53-7.55 (m, 1H, Ar—H), 8.21 (d, 1H, J = 7.5 Hz, Ar—H), 8.74
(s, 1H, Ar—H), 9.01 (s, 1H, Ar—H), 10.95 (s, 1H, NH—N); *C NMR §
(ppm) 18.74, 26.99, 29.53, 74.74, 115.73, 116.13, 122.35, 123.55,
128.36, 130.25, 131.70, 132.46, 136.18, 149.23, 152.50, 154.66,
155.77, 156.02, 162.90; HRMS calc. for C;0H;7,N3045 319.1320, found
319.1324.

4.3.10. (E)-2-(3-fluorophenyl)-N’-(2,3,4,4a-tetrahydro-1H-xanthen-1-
ylidene)acetohydrazide (5j)

Off-white solid, Yield, 73%; mp, 206-207 °C; IR (KBr), » (cm™'):
3378 (NH), 1665 (C=0), 1602 (C=N). 'H NMR (CDCl;), § (ppm):
1.56-1.63 (m, 1H, cyclohexyl), 1.88-1.91 (m, 1H, cyclohexyl),
2.07-2.15 (m, 2H, cyclohexyl), 2.31-2.35 (m, 1H, cyclohexyl),
2.51-2.56 (m, 1H, cyclohexyl), 4.09 (s, 2H, CH,—C=0), 4.83-4.88 (m,
1H, O—CH), 6.86 (d, 1H, J = 8.4 Hz, Ar—H), 6.93-6.97 (m, 2H, Ar—H),
7.12-7.17 (m, 5H, Ar—H), 7.28-7.30 (m, 1H, Ar—H), 8.70 (s, 1H,
NH—N); 3C NMR § (ppm) 18.46, 25.86, 26.55, 29.65, 74.69, 113.50,
115.68, 120.85, 122.32, 125.73, 126.13, 128.11, 130.61, 131.72,
139.20, 147.08, 151.95, 154.49, 161.52, 166.93, 173.10; HRMS calc.
for Co1H;19FN,0, 350.1430, found 350.1434; EIMS (70 eV) m/z: 350,
331, 304, 281, 231, 214, 213, 199, 198, 169, 157, 131, 109, 83, 69.

4.3.11. (E)-2-(4-fluorophenyl)-N’-(2,3,4,4a-tetrahydro-1H-xanthen-1-
ylidene)acetohydrazide (5k)

Light yellow solid, Yield, 85%; mp, 225-226 °C; IR (KBr), v (cm ™)
3342 (NH), 1666 (C=0), 1611 (C=N). 'H NMR (CDCl), § (ppm):
1.57-1.62 (m, 1H, cyclohexyl), 1.85-1.95 (m, 1H, cyclohexyl),
2.07-2.17 (m, 2H, cyclohexyl), 2.32-2.36 (m, 1H, cyclohexyl),
2.51-2.56 (m, 1H, cyclohexyl), 4.07 (s, 2H, CH,—C=0), 4.83-4.88 (m,
1H, O—CH), 6.87 (d, 1H, J = 7.6 Hz, Ar—H), 6.95 (ddd, 1H, J = 1.2,
7.6 Hz, Ar—H), 7.01 (t, 1H, J = 8.4Hz, Ar—H), 7.15-7.17 (m, 2H,
Ar—H), 7.20 (m, 1H, Ar—H), 7.30-7.33 (m, 2H, Ar—H), 8.65 (s, 1H,
NH-N); °C NMR & (ppm) 18.42, 24.71, 29.40, 38.72, 74.23, 115.25,
122.00, 122.19, 123.42, 127.80, 129.82, 130.55, 131.06, 131.12,
131.52, 132.05, 146.65, 154.58, 160.92, 162.87, 173.39; HRMS calc.
for C,1H;oFN,0, 350.1430, found 350.1433.

4.3.12. (E)-N’-(2,3,4,4a-tetrahydro-1H-xanthen-1-ylidene)-2-(4-
(trifluoromethyl)phenyl) acetohydrazide (51)

Yellow solid, Yield, 82%; mp, 188-190 °C; IR (KBr), v (em™1): 3370
(NH), 1675 (C=0), 1620 (C=N). 'H NMR (CDCly), 6 (ppm): 1.57-1.61
(m, 1H, cyclohexyl), 1.85-1.95 (m, 1H, cyclohexyl), 2.07-2.18 (m, 2H,
cyclohexyl), 2.31-2.36 (m, 1H, cyclohexyl), 2.51-2.56 (m, 1H, cyclo-
hexyl), 4.16 (s, 2H, CH,—C=0), 4.84-4.88 (m, 1H, O—CH), 6.87 (d,
1H, J = 8.4 Hz, Ar—H), 6.95 (t, 1H, J = 7.2 Hz, Ar—H), 7.15-7.21 (m,
3H, Ar—H), 7.47 (d, 2H, J = 7.6 Hz, Ar—H), 7.59 (d, 2H, J = 8.0 Hz,
Ar—H), 8.72 (s, 1H, NH—-N); 3C NMR & (ppm) 18.57, 25.91, 26.57,
29.84, 74.68, 115.69, 120.92, 121.69, 122.31, 123.82, 125.59, 128.20,
130.89, 131.57, 141.37, 147.28, 152.06, 154.54, 166.77, 172.98;
HRMS calc. for Cy5H;9F3N,O5 400.1398, found 400.1400.

4.3.13. (E)-2-(6-methoxynaphthalen-2-yl)-N’-(2,3,4,4a-tetrahydro-1H-
xanthen-1-ylidene) propanehydrazide (5m)

Orange crystalline solid, Yield, 90%; mp, 250-251 °C; IR (KBr), v
(em™1): 3368 (NH), 1668 (C=0), 1609 (C=N). 'H NMR (DMSOd,), §
(ppm): 1.45 (d, 3H, J = 7.0Hz, CH-CH3), 1.64-1.73 (m, 1H, cyclo-
hexyl), 1.91-1.94 (m, 2H, cyclohexyl), 2.36-2.37 (m, 1H, cyclohexyl),
2.41-2.42 (m, 2H, cyclohexyl), 3.86 (s, 3H, OCHs), 3.90 (q, 1H,
CH3—CH), 5.01-5.04 (m, 1H, O—CH), 6.91 (d, 1H, J = 8.0 Hz, Ar—H),
6.98 (ddd, 1H, J = 1.0, 7.5Hz, Ar—H), 7.15 (dd, 1H, J = 2.5, 8.5Hz,
Ar—H), 7.27-7.30 (m, 2H, Ar—H), 7.36-7.41 (m, 3H, Ar—H), 7.71 (bs,
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Table 6
Crystallographic data of compound 5g.

Crystal data

Compound 5g

CCDC

Chemical formula

M,

Crystal system, space group
Temperature (K)

a, b, ¢ (;\)

V (A%

Z

Radiation type

p (mm~1)

Crystal size (mm)

Data collection
Diffractometer
Absorption correction

Timiny Tmax

No. of measured, independent and observed
[I > 20(I)] reflections

Rine .

(sin 6/Mmax (A7)

Refinement

R[F* > 20(F*)], wR(F?, S
No. of reflections

No. of parameters

No. of restraints

H-atom treatment

Amass Admin (€A%

1868047
C21H19FN202
350.38
Orthorhombic, Pbca
296

10.9507 (12), 8.4035 (9), 38.145
(5)

3510.2 (7)

8

Mo Ka

0.09

0.45 x 0.38 x 0.32

Bruker Kappa APEXII CCD
Multi-scan (SADABS; Bruker,
2005)

0.940, 0.980

16392, 4162, 2236

0.068
0.658

0.073, 0.196, 1.02

4162

234

18

H-atom parameters constrained
0.25, —0.21

1H, NH—N), 7.70-7.80 (m, 2H, Ar—H); *C NMR & (ppm) 14.47, 18.96,
29.53, 38.85, 44.91, 60.70, 74.80, 106.18, 116.12, 119.23, 122.40,
122.50, 126.04, 126.64, 127.46, 128.86, 129.61, 130.25, 131.35,
132.45, 133.78, 136.25, 155.77, 157.66, 174.38, 197.10; HRMS calc.
for Cp7H,6N203 426.1943, found 426.1944.

4.3.14. (E)-2-0x0-2-(2-(2,3,4,4a-tetrahydro-1H-xanthen-1-ylidene)
hydrazinylethyl2-(2-((2,6-dichlorophenyl)amino)phenyl)acetate (5n)

Orange solid, Yield, 81%; mp, 236-237 °C; IR (KBr), v (cm ~1): 3371,
3345 (NH), 1652 (C=0), 1611 (C=N). 'H NMR (DMSOds), § (ppm):
1.66-1.70 (m, 1H, cyclohexyl), 1.92-1.97 (m, 2H, cyclohexyl),
2.36-2.37 (m, 1H, cyclohexyl), 2.41-2.43 (m, 2H, cyclohexyl), 3.89 (s,
4H, 2xCH,), 5.01-5.03 (m, 1H, O—CH), 6.38 (d, 1H, J = 8.0 Hz, Ar—H),
6.89 (d, 1H, J = 8.0 Hz, Ar—H), 6.98 (ddd, 1H, J = 0.5, 7.5 Hz, Ar—H),
7.09 (t, 2H, J = 7.5Hz, Ar—H), 7.21 (t, 2H, J = 7.5Hz, Ar—H), 7.28
(ddd, 2H, J = 1.5, 8.0 Hz, Ar—H), 7.37-7.41 (m, 3H, Ar—H), 7.61 (t,
1H, J = 8.0 Hz, Ar—H), 7.44 (s, 1H, NH), 7.61 (s, 1H, NH—N); 1*C NMR
S (ppm) 17.73, 29.53, 35.55, 38.85, 74.80, 108.97, 116.12, 122.40,
122.49, 123.30, 125.08, 125.46, 128.28, 129.84, 130.26, 130.37,
131.34, 132.37, 132.44, 134.92, 143.27, 155.77, 173.69, 197.08;
HRMS calc. for CaoHpsClLN30,4 549.1222, found 549.1224.

4.4. Structural refinement and crystallographic data collection

The structural refinement and protocol for crystallographic data
collection were followed as reported previously [32,36]. The refine-
ment values of compound 5g and crystal data are summarized in
Table 6.

4.5. In silico Studies

4.5.1. Homology modelling of S. cerevisiae a- glucosidase

Homology model of a-glucosidase from S. cerevisiae was built be-
cause till date no crystal structure of a-glucosidase was reported in
Protein Database Bank (PDB). Amino acid sequence of a-glucosidase
was retrieved using UniProt ID P53341 and aligned with best selected
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template of isomaltase from S. cerevisiae (PDB ID: 3A4A) http://www.
uniprot.org/uniprot/P53341 [48]. Sequence alignment was carried
using “zAlign sequence to template” tool in Discovery Studio Client vs
16.1 program (Accelrys Software Inc., 2016)) and homology modelling
was also performed using built-in MODELER v9.15 in DS software [47].
Best homology model was selected based on DOPE score while vali-
dation and assessment were conducted via Ramachandran plot using
RAMPAGE [49].

4.5.2. Molecular Docking Studies

Molecular Docking calculations were performed using FRED tool in
Open Eye software [43,44] All compounds were first drawn in Chem-
draw Professionals version 15.1 and then imported into Discovery
Studio for 3D structure generation and energy minimization. OMEGA
2.5 tool of OpenEye Scientific was used for generation of conformers of
compounds [45,46]. Active site was selected based on modelled co-
crystal ligand a-p-glucose. Before molecular docking studies, docking
protocol was optimized for co-crystal ligand and then final docking was
carried out for all compounds as well as reference compound for
comparison. During docking calculations, twenty different poses were
generated and sorted out based on the lowest ChemGauss4 score.
Binding orientations were also visualized using Discovery Studio soft-
ware [47].
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