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Abnormal epigenetics has been recognised as an early event in tumour progression and aberrant acetylation of
lysine in particular has been understood in tumorigenesis. Therefore, it has become an attractive target for
anticancer drug development. However, HDAC inhibitors have limited success due to toxicity and drug resistance
concerns. Present study deals with design and synthesis of bivalent indanone based HDAC6 and antitubulin li-
gands as anticancer agents. Two of the analogues 9 and 21 exhibited potent antiproliferative activities (ICsp,
0.36-3.27 uM) and high potency against HDAC 6 enzyme. Compound 21 showed high selectivity against HDAC 6

while 9 exhibited low selectivity. Both the compounds also showed microtubule stabilization effects and mod-
erate anti-inflammatory effect. Dual targeted anticancer agents with concomitant anti-inflammatory effects will
be more attractive clinical candidates in future.

1. Introduction

Cancer is a complex multifactorial disease resulting from genetic and
several environmental effects (epigenetic) involving multiple signalling
pathways and factors like immune, angiogenesis, inflammation and ki-
nase etc.’ Over the years, it has become one of the most challenging
diseases to human.” With the current arsenal of clinical drugs it could be
managed to some extent but due to severe side effects, drug resistance
and economic concerns, it has become a public health menace. Earlier,
cancer drug development has been done based on single target ligands
but now there is an era of multitargeted therapy, which is considered as
more efficacious and less prone to drug resistance.>* In initial approach
two anticancer drugs with different mechanism of action were given in
combination to tackle these problems, but many a times this approach
was not sufficient due to enhanced drug burden and hence, exacerbated
toxic effects to patients.>* In the recent approaches, chimeric dual

targeted ligands are being developed with double sword concept to
tackle the problem.”® It has given better results on efficacy front.
However, toxicity remains a concern to these drugs which is relatively
lower than the combination therapy approach.>*” In spite of some
specific challenges, multitargeted drug development approach holds
huge potential to achieve efficient and safer drug candidates particularly
for cancer like complex diseases.” (see Fig. 1).

Cancer may be caused by genetic and/or epigenetic alterations
leading to the dysregulation of several cellular pathways through
diverse molecular mechanisms. In the recent years, epigenetics has been
recognised as a key player in eukaryotic biological processes regulating
gene expression. It is a reversible and inheritable process that acts on
DNA and RNA methylation but without any change in their sequences
post translational modifications (PTM) on histone, and expression of
non-coding RNAs.® The N-terminal tail region of histones undergo
several diverse enzyme modifications like acetylation, methylation,
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phosphorylation etc. These PTMs have significant effects on gene
expression and now also known as ‘histone code’.” Histone acetylation
and deacetylation plays an important role in the regulation of gene
expression and in the modification of chromatin structure.'® Thus, the
expression of DNA is maintained by the acetylation and deacetylation.'!
This process is via an interplay between histone acetyl transferases
(HATs) and histone deacetylases (HDACs) of histone protein.12 So far
eighteen different isoforms of nuclear and cytosolic HDACs have been
identified in humans.'® Based on the homology these have been classi-
fied in four different groupsi.e. I (HDAC 1-3, 8, Ila (HDAC4,5,7,& 9), IIb
(HDAC6 & 10), III (Sirtuins 1-7), and IV (HDAC11). Except class III, rest
HDAGs are Zn>" dependent deacetylases.

As a consequence of epigenetic abnormality, over-expression of
HDACs has been observed in various malignant tumours.'*"'° Epigenetic
targeting has emerged as an efficacious therapy for haematological
cancers. Over-expression of HDAC1 was found in lung,'” gastric,'®
breast,'” and prostate cancers,”’ HDAC2 and HDACS3 are over-expressed
in colorectal cancer,”’ while cytosolic HDAC6 was up-regulated in
breast cancer.”” Owing to reversible nature of epigenetic dysregulation,
these abnormalities can be rectified by some of the HDAC inhibitors. In
the recent years, HDAC inhibitors have become a promising strategy to
tackle cancer epigenetics.”® In the last few years several HDAC inhibitors
have been developed as clinical anticancer drugs specifically for he-
matologic cancers. Among these Vorinostat (SAHA) for cutaneous T-cell
lymphoma,®* Belinostat (PXD101, beleodaq) for peripheral T-cell lym-
phoma,”® Romidepsin (FK228, Istodax) for T-cell lymphoma, Pan-
obinostat (LBH-589, Farydak), for multiple myeloma®® and Tucidinostat
(CS-055, Chidamide) for the treatment of relapsed/refractory peripheral
T cell lymphoma.?” However, all these clinical drugs are non-selective
HDAC inhibitors resulting in multiple side effects.*®

In our previous studies, we designed and acquired a few microtubule
destabilizers on indanone pharmacophore as anticancer agents.?’
Further, we wished to have some dual action antitubulin as well as
HDACS inhibitors. Basically, histone deacetylase ligands are designed in
five main chemical classes namely hydroxamic acids (Vorinostat, Beli-
nostat and Panobinostat), benzamide (Tucidinostat), depsipeptide
(Romidepsin), cyclic peptides and carboxylates. We adopted antitubulin
indanone core as basic skeleton with a linker at C2 position and a
hydroxamic moiety at the terminal of chain as zinc binding group to
design the dual action pharmacophore. We prepared thirteen diverse
compounds (9, 10, 12, 21, 22, 26, 38-42, 46, 47) on the indanone core
and evaluated against three human cancer cell lines and one normal cell
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line (Vero). The most potent compound of the series was evaluated for
detailed pharmacology, target studies (tubulin and HDAC), HDAC6
selectivity, cell cycle, antiinflammatory effect, confocal microscopy, and
safety in rodent model.

2. Results
2.1. Chemical synthesis

The synthetic strategy was as depicted in Schemes 1-3. Indanone 4
was synthesized as per our previously reported method. Briefly, 3,4,5-
trimethoxyacetophenone (1) was condensed with 3,4,5-trimethoxyben-
zaldehyde (2) in 3% alcoholic alkali to afford 1-(3,4,5-trimethox-
yphenyl)-3-(3,4,5-trimethoxyphenyl) prop-2-en-1-one (3, chalcone).
Chalcone 3 underwent Nazarov’s cyclization in presence of trifluoro-
acetic acid at 110 °C to give 3-(3,4,5-trimethoxyphenyl)-4,5,6-trime-
thoxyindan-1-one (4).

Indanone 4 was condensed with 4-formyl-methylcinnamate (5)
under alkaline medium to get a 2-benzylidene cinnamate derivative of
indanone (6). Indanone ester 6 was hydrolysed in 3% aqueous-alcoholic
(1:9) alkali to yield the corresponding carboxylic acid (7). The free
carboxylic acid 7 was treated with tetrahydropyran (THP) protected
hydroxylamine in presence of N-methylmorpholine/DMAP, O-THP-hy-
droxylamine and cyanuric chloride to get a corresponding protected
hydroxamic acid derivative (8). The reductive deprotection of protected
hydroxamic acid derivative 8 was done in presence of pTSA in dry
methanol to get the final desired hydroxamic acid derivative (9). De-
rivative 9 was further acetylated to compound 10 in chloroform-DMAP-
acetic anhydride system (Scheme 1).

For diversification at C2 substitutions, a few more C2-benzylidene
derivatives were prepared on to indanone 4 to get the final hydroxa-
mic acid derivatives (21 and 22) and also 26 as 2-benzylated derivative
following the similar reaction conditions (Scheme 2).

For diversification at C2 substitutions, a few more C2-benzylidene
derivatives without C3-aryl substitutions were also prepared on to
indanones 27 and 28 to get the final hydroxamic acid derivatives
(38-40). Further, 2-benzylated derivatives on catalytic hydrogenation
yielded fully reduced hydroxamic acid derivatives (44, 45, 48, and 49)
(Scheme 3).
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Fig. 1. HDAC inhibitors as clinical drugs and proposed prototype.
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Scheme 1. Reagents and conditions: i) 3% KOH in MeOH, RT, 3 h, 92%; ii) TFA, sealed tube, 110 °C, 5 h, 35%j; (iii) 3% KOH in MeOH, RT, 3-4 h, 79-92%; (iv) 3%
KOH in MeOH-water (9:1), 50 °C, 2-3 h, 72-89%); v) Dichloromethane, N-methylmorpholine, TCT, O-THP, RT, 1-2 h,52-81%; vi) p-TSA, dry MeOH, RT, 30 min.,
52-78%; vii) DMF, TEA, EDC-HCI, HOBt, NH,OBn, 80 °C, 2-4 h, 60-81%); viii) DMF, 10% Pd-C/H,, 2-3 h, 52-62%; ix) Dry CHCl3, DMAP, Ac,0, RT, 1 h, 23: 58% &

10: 92%.

15: R3%=-0O(CH,)3-COOC,Hs;  17: R*=-O-(CH,);-COOH; 19: R3=-0-(CHy,);-CONH-O-R%;

16: R®=-COOCH; ;

18: R®=-COOH; 20: R*=-CONH-O-R%;;;

21: R3=-0(CHy,)5-CONH-OH;
22: R*=-CONH-OH;

Scheme 2. Reagents and conditions: (iii) 3% KOH in MeOH, RT, 3-4 h, 79-92%; (iv) 3% KOH in MeOH-water (9:1), 50 °C, 2-3 h, 72-89%; v) Dichloromethane, N-
methylmorpholine, TCT, O-THP, RT, 1-2 h,52-81%; vi) p-TSA, dry MeOH, RT, 30 min., 52-78%; ix) Dry CHCl3, DMAP, Ac;0, RT, 1 h, 23: 58% & 10: 92%.

2.2. Purity profile of compounds 9 and 21

The purity of compound 9 was determined by RP-UPLC system using
PDA detector range (190-400 nm) for co-elution of possible impurities.
The purity of compound 9 was found to be 95.52% under the optimized
chromatographic conditions. It was eluted at 7.745 min (tg) as a sharp

peak and peak integration was done at Apax 340 nm. While, the purity
profile of compound 21 was assessed by Shimadzu RP-HPLC using PDA
detector with range (190-400 nm). It was detected at Ayax 360 nm and
eluted as a sharp peak at 9.716 min (tg). Under the optimized conditions
the purity of compound 21 was found to be 93.27%.
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32-34
32: R'=5-methoxy, R?=-CH=CH-COOH ;
33: R'=5,6-dimethoxy, R?=CH=CH-COOH ;
34: R'=5,6-dimethoxy, R?=-COOH;

R2

35-37
35: R'=5-methoxy, R?=-CH=CH-CO-NH-OR?;
36: R'=5,6-dimethoxy, R2=CH=CH-CO-NH-OR3;
37: R'=5,6-dimethoxy, R?=-CO-NH-OR3;
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Scheme 3. Reagents and conditions: (iii) 3% KOH in MeOH, RT, 3-4 h, 79-92%j; (iv) 3% KOH in MeOH-water (9:1), 50 °C, 2-3 h, 72-89%; v) Dichloromethane, N-
methylmorpholine, TCT, O-THP, RT, 1-2 h,52-81%; vi) p-TSA, dry MeOH, RT, 30 min., 52-78%; vii) DMF, TEA, EDC-HCI, HOBt, NH,OBn, 80 °C, 2-4 h, 60-81%);

viii) DMF, 10% Pd-C/H,, 2-3 h, 52-62%.
2.3. Biological evaluation

2.3.1. Antiproliferative activity

All the indanone based hydroxamic acid derivatives (9, 10, 12, 21,
22,26, 38-40, 42, 43, 46, 47) were evaluated for in-vitro cytotoxicity by
Sulphorhodamine assay against human cancer cell lines MCF-7 (Hor-
mone dependent breast), MDA-MB-231 (Triple negative breast cancer),
K-562 (Chronic myelonoid leukemia) and a normal cell line Vero (Af-
rican green monkey kidney cells) (Table 1). Doxorubicin, Podophyllo-
toxin, Tamoxifen and Tubastatin A were used as positive controls.

2.3.1.1. Structure activity relationship. There were two types of inda-
none series; Series [ was 4,5,6-trimethoxy-3-(3,4,5-trimethoxyphenyl) 1-
indanone; while Series II was 5-methoxy/5,6-dimethoxyindanone. In
general Series I compounds possessed high to moderate antiproliferative
activity against both MDA-MB-231 and K562 cell lines. While, Series II
compounds showed moderate to low efficacy. In both the Series,
reduction of unsaturated double bonds was not favourable to bioactivity
as it yielded compounds with relatively lower activity (Compounds 9 Vs
12;compounds 22 Vs 26) and In series II, (Compounds 11, 12, 23-26
and 38-40; compounds 40 Vs 45).

In series I, carbon chain C3 or more at C2-benzylidene ring was
favourable for cytotoxicity (MDA-MB-231: Compounds 9, ICsy = 0.36
uM; 21, IC50 = 3.25 puM; K562: Compounds 9, IC5¢ = 3.27 uM; 21, IC50 =
1.66 uM). It was also observed that compounds with oxygenated carbon
chain at C2-benzylidene ring were more cytotoxic against K562 cell line
as compared to MDA-MB-231 cell line. As compounds 21 was more

effective against K562 cell line as compared to MDA-MB-231 cell line.

A 3,4,5-trimethoxyphenyl ring at C3 position seems a preferred
substitution for better efficacy. A restricted rotation at C2 as benzylidene
is a better arrangement. Also, all the hydroxamic acid benzyl esters
exhibited insignificant cytotoxicity.

2.3.2. Cell cycle analysis

Uncontrolled proliferation of cells is one of the remarkable hallmarks
of cancer. Oncogenic process exerts its prominent effect on targeting
genes those regulate cell cycle.’’ The effect of compound 21 was
observed on triple negative breast cancer (MDA-MB-231) cell line at
three different concentrations i.e. 1.625 M (Half ICs), 3.25 uM (ICsp),
and 6.5 pM (2*ICsq). The standard drug doxorubicin was taken at 0.285
uM (1/2*ICsp), 0.57 pM (ICsp), and 1.14 uM (2*¥ICsp). In cell cycle
analysis compound 21 exhibited mainly S phase arrest. It also showed
slight G2/M phase arrest. Doxorubicin also exhibited S phase arrest.

In K562 leukemic cells, the effect of both the compounds 9 and 21
was not very prominent. However, in case of compound 9, there was
slight effect on G1/S phase arrest while compound 21 showed S phase
arrest. The cell cycle analysis clearly indicates that the compound 21
induces apoptosis via multiple mechanisms. Perhaps, it is a dual targeted
anticancer agent. Both the compounds clearly showed induction of
apoptosis (Fig. 2).

2.3.3. Histone deacetylase 6 inhibition activity
The capability of the compounds to inhibit the histone deacetylase
enzyme activity was evaluated in HeLa nuclear extract, containing both
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Table 1
Antiproliferative activity of indanone based hydroxamic acid derivatives against
human cancer cell lines and normal cell line.

Sample code Cytotoxicity (ICso in pM) Selectivity
MCF-7 MDA- K562  Vero index (1)
MB-231 ICso(Vero)/
ICs0(K562)
9 >100 0.36 + 3.27 + 100.32 30.68
0.04 0.63 + 6.89
10 75.05 19.05 23.64 47.49 + 2.01
+ 2.86 +1.91 + 1.04 1.20
12 52.32 20.67 51.87 76.20 £ 1.47
+1.74 + 3.45 + 2.35 10.17
21 49.67 3.25 + 1.66 + 47.23 + 28.45
+ 2.79 0.84 0.53 1.20
22 60.1 + >100 47.69 72.25 + 1.51
1.26 +2.73 6.30
26 87.52 >100 36.78 91.82 + 2.50
+ 4.07 +2.99 6.68
38 97.52 >100 >100 100.37 <1.0
+ 4.14 + 12.99
39 >100 >100 >100 128.52 >1.0
+ 6.62
40 >100 >100 46.92 88.37 + 1.88
+ 0.44 16.75
44 55.25 28.80 18.58 55.52 + 2.99
+1.13 + 1.52 + 1.59 2.99
45 >100 >100 >100 193.08 >1.93
+ 37.80
48 93.85 >100 61.78 114.19 1.85
+ 1.51 + 0.51 +10.91
49 51.67 32.61 30.39 48.66 + 1.60
+ 0.45 +1.41 + 3.93 1.69
Doxorubicin 2.58 + 0.57 + 5.23 + 1.87 £ 0.36
0.12 0.11 1.76 0.63
Podophyllotoxin ~ 10.04 20.22 18.39 ND ND
+0.74 +1.37 + 3.25
Tamoxifen 10.74 18.48 ND 36.20 + ND
+ 0.27 + 1.53 12.42
Tubastatin A ND ND 2.07 + ND ND
0.53

*n = 3; incubation time: 72 h; ND, not determined.

classes I and II enzymes (PanHDAC), and on human recombinant
HDAC6 (class II enzyme) and the obtained results are reported in
Table 2. Preliminarily, all compounds were tested at 20 uM concentra-
tion on nuclear extract and the residual enzyme activity, determined
with respect to the control sample (without treatment), was evaluated.
Trichostatin A, a non-selective HDAC inhibitor, and Tubastatin A, a
highly selective HDAC6 inhibitor, were used as reference (Positive
controls). Standard anticancer drug doxorubicin was used as negative
control (no HDAC inhibition).

Among the evaluated analogues, compounds 9, 21, 26 and 47
showed high inhibitory potency, when tested on HeLa nuclear extracts,
containing both class I and II HDAC activity (PanHDAC), with residual
enzyme activity lower than 0.40, i.e. 60% of enzyme inhibition. Inter-
estingly, for compound 21 an effect similar to that of Trichostatin A was
found, while for compound 9 was obtained about 90% HDACs inhibition
that is an inhibitory potency even higher than that observed for the
reference inhibitor.

The above derivatives at 20 uM concentration maintain or increase
the inhibitory potency also on the recombinant HDAC6 enzyme, like, in
addition, compounds 38, 42 and 43. In fact, for all these compounds a
percentage of inhibition of enzyme activity higher than 90% was
observed. The calculation of HDAC6 selectivity, i.e. the ratio between
the residual activities PanHDAC/HDACS6 at 20 uM concentration of test
compound, highlighted for 21, 26, 38 and 42 a high selectivity toward
HDACS, that is HDAC6 residual activity more than seven folds lower
than the residual activity obtained on HeLa nuclear extracts (Table 2).

The most interesting compounds (21, 26, 38, and 42), endowed with
high inhibitory potency and selectivity towards HDAC6, were further
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tested on the recombinant enzyme at 2 uM concentration. The obtained
results (Table 2) confirmed the remarkable inhibitory potency event
though lower than that exerted by the reference Tubastatin A.

Finally, a comparison of the results showed in Table 2, highlights
compounds 9 and 21 as the best inhibitors on PanHDAC (classes I and II)
and compound 21 more selective than compound 9 for HDAC6. In
addition, compounds 26 and 42 showed the highest effect and selec-
tivity on HDAC®, even if their inhibitory potency on PanHDAC from
nuclear extracts is significantly lower than that induced by 9 and 21.

2.3.4. Tubulin kinetics of compounds 9 and 21

Tubulin has been considered one of the most prominent targets for
anticancer drug development. Both microtubule stabilizer and micro-
tubule destabilizers disrupt tubulin-microtubule dynamic equilibrium
and eventually induce cell cycle arrest.>! In the tubulin kinetics study,
compound 21 showed stabilization effect on tubulin polymerisation.
However, its stabilization effect was slightly less than paclitaxel (Stan-
dard stabilizer). Podophyllotoxin exhibited strong destabilization effect.

Fig. 3, the first part shows curves of paclitaxel (5 uM) and compound
9 (0.2, 1.0 & 5 uM). Fig. 3 shows paclitaxel curve above the GTB
(General tubulin buffer) containing GTP protein clearly showing stabi-
lization effect. The curve of podophyllotoxin below the GTB protein
curve, exhibits strong destabilization effect on tubulin polymerisation
process. Compound 9 showed stabilization effects. In second part of
Fig. 3 the effect of compound 21 at 0.2 uM concentration was negligible
i.e. not clear. However, at 1 uM and 5 uM concentrations it showed clear
stabilization effect on tubulin polymerisation. The stabilization effect of
both the compounds 9 and 21 was better than paclitaxel at 5 uM.

2.3.5. Effect of compounds 9 and 21 on actin-cytoskeleton structure by
confocal microscopy

In tubulin kinetics experiment, compounds 9 and 21 exhibited
microtubule stabilization effect. In order to confirm the phenotypic ef-
fect also on cellular cytoskeletal network of actin and tubulin, HeLa cells
were incubated for 4 h with both compounds, immunostained and
analysed under confocal microscope. Paclitaxel and podophyllotoxin
were taken as stabilizer and destabilizer references respectively. The
most representative microphotographs are showed in Fig.. 4. The results
indicate that 9 and 21 at 5 uM and 10 uM induce an effect on cellular
cytoskeletal network of tubulin similar to that of paclitaxel, confirming
the microtubule stabilization effect.

2.3.6. Molecular docking studies
(a) Interaction of 9 and 21 with p-tubulin

The in-silico molecular interaction studies were done of both the
potential candidates with f-tubulin protein (Table 3, Fig. 5). Surpris-
ingly, both the ligands occupied laulimalide binding pocket of p-tubulin.
Both the synthesized ligands i.e. 9 and 21 showed good affinity towards
the target protein. The docking studies suggested that both synthesized
compounds had good interaction with p-tubulin. The observed docking
scores were —9.1 Kcal/mol, and —7.7 Kcal/mol for 9 and 21 respectively
while for positive control laulimalide showed —8.8 Kcal/mol binding
energy. There were eleven residual amino acids common to all the three
ligands which clearly indicated that these occupied the same binding
pocket. However, laulimalide and 9 showed better binding affinity due
to two additional H-bonds.

(b) Interaction of 9 and 21 with HDAC 1 & 6 enzymes

For docking studies, Trichostatin A, a non-selective inhibitor of
HDAC was selected as positive control for HDAC interaction study and
Tubastatin A, a highly selective inhibitor of HDAC6 as positive control
for HDACS interaction study (Table 4, Fig. 6). Docking results showed
that in case of HDAC1 enzyme, all the three ligands did not occupy the
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Fig. 2. A) MDA-MB-231 (TNBC cells) were grown in the presence of HDAc inhibitor compound 9, 21 anddoxorubicin for 24 h. It was found that both the compounds
9 & 21 induced mainly S-phase arrest the cells at all the tested concentrations of 1.625 uM, 3.25 uM, and 6.5 pM. Both are potent inhibitors of DNA replication which
occurs in the S-phase of cell cycle. Doxorubicin was used as positive control. It also induced S-phase arrest. b) K562 cells were grown in the presence of HDAC
inhibitor compound 21 for 24 h. It was found that the compound was able to arrest the cells in S-phase at all the tested concentrations of 1.625 uM, 3.25 uM, and 6.5
uM of 21. The compound is therefore a potent inhibitor of DNA replication which occurs in the S-phase of cell cycle. Doxorubicin was used as positive control.

same binding pocket. Trichostatin A and 9 occupied similar binding
pocket but 21 has nearby different binding pocket.

Interestingly, in case of HDAC6 binding, Tubastatin A and compound
21 occupied same binding pocket as out of fifteen residual amino acids,
twelve (HIS463, SER531, TYR745, ASP705, GLY743, HIS614, HIS573,
HIS574, LEU712, PHE643, GLY582, PHE583) were common to both,
while 9 occupied different binding pocket. However, the binding affinity
of compound 21 was less than the standard compound Tubastatin A
indicating relatively inferior efficacy. Overall, it can be concluded that
21 is a selective inhibitors of HDAC6 while 9 is a non-selective inhibitors
of HDAC6.

(c) In-silico prediction of physicochemical properties of compd 21

Physicochemical properties of a compound impart an assessment
about the druggability of the candidate. These are the intrinsic physical
and chemical characteristics of a compound. The drug candidate has to
pass through various barriers and biological mediums for eliciting a
biological response. It must reach in sufficient concentration at target
site to elicit the desired pharmacological response in the body.

We predicted the important physicochemical properties of the se-
lective HDAC6 ligand i.e. compound 21 using SwissADME software
(Table 5). Tubastatin A was used for comparison. Compound 21 dis-
played some of the properties in satisfactory limits, but it deviated
‘Lipinski rule’ for two parameters (Molecular weight & H-bond accep-
tors), polar surface area (TPSA) was also beyond higher limits, rotable
bonds and molar refractivity. Overall bioavailability was speculated
quite low. However, it did not show any PAINS alert which otherwise
indicates possibility of false positive results in in-vitro assays. Bioavail-
ability radar shows slight deviation due to higher number of rotable
bonds (more flexibility) in the chemical structure of the compound
(Fig. 7).

[Six physicochemical account:

properties are taken into

lipophilicity, size, polarity, solubility, flexibility and saturation. The
pink area represents the optimal range for each properties (lipophilicity,
MW, polarity, TPSA solubility as log S, saturation: fraction of carbons in
the sp> hybridization, and flexibility as rotatable bonds. In this example,
the compound 21 is predicted to be poorly bioavailable, needs to be
improved for this].

2.3.7. Antiinflammatory effect of compounds 9 and 21

Tumour microenvironment is an important feature while eradicating
tumour. It has a decisive role in tumour differentiation, tumour epige-
netics, and immune evasion. The success of chemotherapy relies to a
great extent on the knowledge of tumour microenvironment. Tumour
inflammatory cells (cytokines, chemokines & prostaglandins) are an
integral part of tumour microenvironment and these are over-expressed
during the pathogenesis of the disease.>” Both TNF-« and IL-6 are well
established prognostic markers in acute cancer inflammation.*® Com-
pound 9 exhibited moderate anti-inflammatory effect on LPS induced
proinflammatory cytokines, by lowering TNF-a (17-29%) and IL-6
(13-27%) However, compound 21 exhibited low antiinflammatory ef-
fect, TNF-a (12-15% only) and IL-6 (9-12% only) at 1 ug/mL and 10 pg/
mL concentrations (Table 6). While, dexamethasone, the standard drug
showed 52% and 40% inhibition at 1 ug/mL against both the parameters
respectively.

2.3.8. Safety studies

Owing to its potent anticancer efficacy, compound 9 was further
evaluated for its safety aspects via acute oral toxicity in rodent model
(Table 7, Fig. 8). For this study four different oral doses i.e. 5 mg/kg, 50
mg/kg, 300 mg/kg and 1000 mg/kg were ingested to Swiss albino mice.
No morbidity, mortality or any behaviourable changes recorded during
the experimental period of seven days. Hematological and serum
biochemical parameters studied at the end of the experiment showed
non significant changes in all the parameters studied. Gross pathological
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Table 2
Pan HDAC and HDAC6 enzyme activity of indanone based hydroxamic acid
derivatives.

Sample Residual Residual Residual "Inhibitory potency
code HDACs HDAC6 HDAC6 on PanHDAC
activity activity activity (2  “Selectivity for
PanHDAC (20 pM) nM) HDAC6
(20 pM)
Control 1.00 + 1.00 1.00 -
0.09
9 0.09 + 0.09 + - High potency
0.01 0.01 Low selectivity
10 1.04 + 0.19 + - Not active
0.14 0.02
12 0.51 + 0.18 + - Moderatepotency
0.07 0.02 Moderate selectivity
21 0.23 + 0.03 + 0.68 + High potency
0.05 0.02 0.12 High selectivity
22 1.03 + 0.95 + - Not active
0.15 0.05
26 0.37 + ‘nd 0.30 + High potency,
0.05 0.04 High selectivity
38 0.77 + 0.09 + 0.96 + 0.9 Low potency
0.10 0.01 High selectivity
39 1.11 + 0.62 + - Not active
0.15 0.04
40 0.78 + 0.11 + - Low potency
0.12 0.01 High selectivity
42 0.63 + nd 0.32 + Low potency
0.17 0.05 High selectivity
43 0.82 + 0.08 &+ - Low potency
0.13 0.01 High selectivity
46 0.49 + 0.14 + - Moderate potency
0.11 0.02 Moderate selectivity
47 0.32 + 0.08 + - High potency
0.05 0.01 Moderateselectivity
Doxorubicin 1.29 + - - Not active
0.14
Trichostatin 0.17 + - 0.09 + High potency
A 0.03 0.02 Low selectivity
Tubastatin A 0.35 + nd >0.01 High potency
0.09 High selectivity

? nd = none detectable residual activity (<0.01).

b Inhibitory potency on PanHDACsat 20 uM concentration of test com-
pound:<0.40 = high potency; 0.41-0.60 = moderate potency; >0.60 = low
potency.

¢ Selectivity for HDACS is defined by the ratio between the residual activities
PanHDAC/HDACS6 at 20 pM concentration of test compound:PanHDAC/HDAC6
> 7 = high selectivity, PanHDAC/HDAC6 6.9-2.5 = moderate selectivity,
PanHDAC/HDAC6 < 2.5 = low selectivity; Trichostatin A non selective,
Tubastatin A highly selectine HDAC6 inhibitors.
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observation recorded non observable changes in the major organs
studied including their absolute and relative organ weight. Overall the
tested compound 9 has a ‘no observed adverse effect level (NOAEL)’.
However, sub-acute and chronic experiments are also suggested to see
the effect of drug candidate on repeated exposure.

3. Discussion

Anticancer drugs resistance is a complex process that arises from
altering in the drug targets. Multitargeted approach is considered a
better approach to overcome with drug resistance with enhanced
efficacy.

In our studies, we designed the molecules based on two different
biological targets; i) beta tubulin protein and ii) Histone deacetylase 6
enzyme. Both the lead compounds 9 and 21 exhibited significant
microtubule stabilization effect. Both tubulin kinetics assay and confocal
microscopy confirmed this effect. Microtubules are essential compo-
nents of eukaryotic cytoskeleton having crucial role in cell shaping,
intracellular transport, motility and chiefly the cell division in mitotic
phase. Tubulin-microtubule dynamics equilibrium is an important
phenomenon nevertheless, any disturbance leads to cell cycle arrest.
Further, post-translation modifications (PTMs) also control functions of
MT cytoskeleton also known as ‘Tubulin code’ which is in fine tune and
has been linked to several types of cancer due to dysfunction.>*

Acetylation and deacetylation of alpha tubulin (Lysine 40) is also
linked with PTMs of tubulin which is an epigenetic factor in cancer
progression. Both the compounds 9 and 21 possessed potent HDAC in-
hibition activity. However, 30 showed high selectivity to HDAC6. There
are about eighteen isotypes of HDAC enzyme and high selectivity is
required to reduce the toxicity of the drug candidates.'® Thus, the high
selectivity of 30 designates it a better candidate as compared to 9. There
are HDAC inhibitors like Trichostatin A exhibiting high potency but low
selectivity against HDAC6> while Tubastatin A depicting both high
potency and high selectivity against HDAC6.>°

In cell cycle analysis, compound 21 prominently induced S phase
arrest and poorly G2/M phase arrest in MDA-MB-231 cells. However,
induction of apoptosis in leukemic cell line was very poor. S-phase arrest
indicates that 21 interferes in the duplication of DNA. Generally, che-
motherapeutics target proliferating cells via interference in the DNA
replication in S phase.?” Another class of drugs known as antimitotic
drugs interfere in tubulin microtubule dynamics and stops cell replica-
tion in mitosis.

In tubulin kinetic, 21 showed potential stabilization effect on
microtubule dynamics. Its stabilization effect was quite comparable to

0.55
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N\ -
05 . ——"
Paclitaxel /"‘:
0.45 (5fum) S <—GTBBlank
) ——DMSO
0.4 )/
——9(0.2uM)
0.35 —9(1uM)
s ~__ —9(5uM)
03 - —PDT(5uM)
Pac(5uM)
0.25
0.2
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0.55
DMSO €21(5uM)
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N 21 (1pMm)
< —21(0.2 uM)
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Fig. 3. A) Tubulin kinetic graph of compound 9 at 0.2 uM, 1 uM, and 5 uM concentrations, while Podophyllotoxin (PDT, standard destabilizer) & Paclitaxel (Pac,
standard stabilizer) at 5 uM. Line below GTP indicates destabilization while lines above GTP show stabilization effects. Compound 9 clearly indicates significant
stabilization effect. b) Tubulin kinetic graph of Compound 21 at 0.2 uM, 1 uM, and 5 pM concentrations, while Podophyllotoxin (PDT, standard destabilizer) &
Paclitaxel (Pac, standard stabilizer) at 5 uM. Line below GTP indicates destabilization while lines above GTP show stabilization effects. Compound 21 clearly in-

dicates significant stabilization effect.
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control

Compound 9 (5 uM)

Podophyllotoxin (5 uM)
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Paclitaxel (5nM)

Compound 9 (10 uM)

Compound 21 (5 uM)

Compound 21 (10 uM)

Fig. 4. Effect of 9 and 21 on microtubules of HeLa cells treated for 4 h with compounds at 5 and 10 uM concentrations. Microtubules were stained with anti-p-tubulin
antibody conjugated to Alexa Fluor® 488. Paclitaxel (5 nM) and podophyllotoxin (5 uM) were taken as references.

stabilization effect of paclitaxel at same concentration. This stabilization
effect was further confirmed by confocal microscopy which gives a
phenotypic effect of compounds on microtubules in HeLa cells.
Extremely dynamic mitotic spindle microtubules are remarkable thera-
peutic targets for chemically diversified and clinically successful anti-
cancer drugs.’’*®*° Generally, microtubule stabilizers bind with
microtubule and disturb its dynamic equilibrium during mitosis which
eventually induces apoptosis.***!

Molecular docking studies exhibited interaction of both the candi-
dates with p-tubulin. Both the ligands occupied laulimalide binding
pocket with good affinity. There were eleven common amino acid resi-
dues indicating that these occupied the same binding pocket. Further,
both the ligands also showed affinity of histone deacetylases 1 & 6. On
comparison it was concluded that 9 occupies mainly HDAC1 quite
similar to Trichostatin A which is a non-selective HDAC inhibitor while,
21 binds to HDAC6 quite similar to Tubastatin A which is a selective

inhibitor of HDAC6. On biochemical evaluation, 9 was non selective
inhibitor of HDAC6 while 21 was found to be selective inhibitor of
HDACS6.

Thus, 21 exhibited dual targeted potent antimitotic and selective
HDACS6 inhibition effects. However, 9 exhibited antimitotic and non-
selective HDAC6 activity. Uncontrolled cell proliferation is the hall-
mark of cancer, and tumor cells have typically acquired damage to genes
that directly regulate their cell cycles. Several proteins control the
timing of the events in the cell cycle, which is tightly regulated to ensure
that cells divide only when necessary. The loss of this regulation is the
hallmark of cancer.

‘Safety pharmacology’ is an important aspect that regulatory au-
thorities require for an investigational drug. The drug safety issues have
become quite prominent in drug research.*> Acute oral toxicity is a short
term evaluation of adverse effect of a drug candidate on administration
via oral route.”> Compound 9 did not show any significant toxicity
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Table 3

Binding energy, hydrogen bonding, and active binding site residues observed in
the in silico docking studies of ligands 9 and 21 with selected target (PDB
ID:404H).

Protein &
Ligands

Binding Amino acid residues (4A)
Affinity

(Kcal/mol)

H-Bonding

Laulimalide -8.8 ARG369,

THR276

VAL23, ARG320, ALA233, GLU27,
SER236, GLY237, THR376, SER374,
PHE272, PRO274, ARG369, PRO360,
THR276, LEU371, GLY370, HIS229
GLN282, ARG369, THR276, SER277,
GLY370, ARG320, PHE272, SER374,
ALA375, SER236, THR376,
PRO360,VAL23, LEU371, GLY237,
ALA233, HIS229, SER232, LYSI9,
GLU22

ALA375, ALA273, LEU371, SER232,
LYS19, HIS229, SER277, GLY225,
ASP226, PROS2, GLU22, ARG369,
VAL23, ALA233, THR234,
PRO360,GL.Y237, SER236, ARG320,
THR376, PHE272, SER374

SER374,
THR376

21 77

[Residual amino acids- with blue font, common to all three; with pink font,
common to Laulimalide and 9 with green font, common to Laulimalide and 21;
There are eleven common residual amino acids clearly indicating the same
binding pocket occupied by all the three ligands].

during acute oral toxicity. Over all the tested compound 9 has a ‘no
observed adverse effect level (NOAEL)’. It was well tolerable and quite
safe. However, sub-acute and chronic experiments are also suggested to
see the effect of drug candidate on repeated exposure. Being an essential
part of modern drug development, WHO has termed it as ‘Pharmaco-
vigilence’ and defined as the science and activities related to the
detection, assessment, understanding and prevention of adverse drug
effect or any other possible drug related problems.**
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4. Conclusion

In the present study, a dual targeted pharmacophore was designed
and some representative compounds were synthesized as effective
anticancer agents. The potential candidates 9 and 21 exhibited micro-
tubule stabilization and HDACS6 inhibitory effect. However, the HDAC 6
inhibition by 21 was highly selective but 9 was non-selective. 21 also
possessed low antiinflammatory effect. The candidate molecule was well
tolerable and safe in rodent models. Further optimization of the core is
underway which may yield some better candidate drugs in future.

5. Experimental methods
5.1. Chemical synthesis

5.1.1. Synthesis of 2,3-Dihydro-4,5,6-trimethoxy-3-(3,4,5-trimethoxy-
phenyDinden-1-one (4)

The synthesis of hexamethoxyindanone (4) was done as per our
previously reported method.® Briefly, gallic acid was modified to 3,4,5-
trimethoxybenzaldehyde and 3,4,5-trimethoxyacetophenone and
condensed together in presence of 3% aqueous alkali to get hexame-
thoxychalcone (3) in 92% yield. The chalcone derivative underwent
Nazarov’s cyclization in presence of trifluoroacetic acid to get the
indanone core i.e. compound 4.

4: Yield: 35%; M.P.: 96- 99C;1H NMR (500 MHz, CDCl3): 6 2.60 (dd,
1H, CHy), 3.16 (dd, 1H, CHy), 3.41 (s, 3H, OCHg3), 3.77 (s, 6H, 2 x
OCHs), 3.80 (s, 3H, OCHs), 3.90 (s, 3H, OCH3), 3.91 (s, 3H, OCHy), 4.51
(dd, 1H, 3-CH), 6.29 (s, 2H, aromatic), 7.08 (s, 1H, aromatic); *C NMR
(125 MHz, CDCl3): 6 41.94, 47.10, 56.16, 56.24, 60.17, 60.90, 100.35,
104.26, 132.21, 136.74, 140.13, 144.23, 148.80, 150.44, 153.34,
154.98, 205.24; HRMS-ESI-TOF (MeOH) for Cy1H2407 calculated,
389.1600 for [M + H]* found, 389.1600.

2D diagram

2D diagram Index

2D diagram

Ribbon model (3D)
AR

Residue Interaction

Electrostatic
van der Waals
Covalent bond

Water

Metal .

Laulimalide

Compound 9

Compound 21

Fig. 5. Docking poses of all the three ligands with beta-tubulin protein.

Table 4

Binding energy, hydrogen bonding, and active binding site residues observed in the in silico docking studies of 9 and 21 ligands with selected target (PDB ID:1C3R

(HDAC1) and PDB ID: 6THV (HDAC6).

Protein & | Binding H- Amino acid residues (4A) Protein & | Binding H- Amino acid residues (4A)
Ligands Affinity Bonding Ligands Affinity Bonding
(Kcal/mol) (Kcal/mol)
PDB ID:1C3R (HDAC1) PDB ID: 6THV (HDAC6)

Trichostatin -8.5 - T'YRO1, PHE141, PRO22, Tubastatin 93 - PHE583, SER531, LEU712, HIS463,

A TYR297, LEU265, GLYI140, A PRO464, HIS614, TYR745, PHE643,
HIS131, HIS132, PHE198, ASP705, GLY743, HIS574, HIS573,
HIS170, GLU92 PRO571, CYS584, GLY 582

9 -8.3 - GLY140, TYR297, PHEI98, 9 -7.3 - LYS577, 1LE622, GLU624, HIS621,
I'YR9I, PHE200, LYS267, ASN617, GLUS576, PRO644, SER646,
PHE141, HISI70, ASP168, CYS581, HIS574, THR579, ASP578
GLY295, HISI31, GLY29%,
ASP258, HIS132

21 -8.2 - TYR264, SER266, ASP263, 21 -1.2 - ASP460, HIS463, ASN457, TRP459,
PHE338, PRO22, ASN20, PHES33, ASP527, ASNS530, SER531,
PHE335, TYR297, LEU265, TYR745, ASP705, ASP612, GLY743,
LYS267, ASN269, PHE268, HIS614, HIS573, HIS574, LEU712, PHE643,
LEU261 GLY582, PHE583, ILE532

[Residual amino acids- with blue font, common to all three; with pink font, common to Laulimalide and 9; with green font, common to Laulimalide and 21; There are
eleven common residual amino acids clearly indicating the same binding pocket occupied by all the three ligands; Trichostatin A non selective, Tubastatin A highly

selective HDAC 6 inhibitors].
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Fig. 6. Docking poses of all the three ligands with HDAC1 and HDAC6 enzymes.
Table 5

Various druggability parameters of Tubastatin A and compd. 21.

Parameter Tubastatin A 21 Acceptable range Parameter Tubastatin A 21 Acceptable range
Physicochemical properties Lipophilicity
Molecular formulae CooH21N30, C3oH35NOq - Log Po/w 2.25 3.12 <5
M.Wt. 335.40 593.62 <500 Pharmacokinetics
Rotable bonds 4 14 <10 GI absorption high Low -
H-bond acceptors 3 10 <10 BBBpermeability Yes No -
H-bond donors 2 2 <5 P-gp substrate Yes Yes -
Molar Refractivity 100.85 157.18 40-130 CYP1A2 inhibition Yes No -
Sp® hybridisation fraction 0.25 0.31 Not less than 0.25 CYP2C9/19 No Yes -
inhibition
TPSA 57.50 A2 131.01 A? 20 A2 to 130 A2 Drug likeness
Water solubility Lipinski rule no violation Yes, 02 violation Up to 1 violation
Water solubility 0.96 pg/mL 1.76 pg/mL soluble Bioavailability score 0.55 0.17 moderate
Solubility class Moderate Moderate acceptable Medicinal chemistry
Log S —3.54 —6.62 >-4 PAINS (False positive) Yes, 1 alert No No
LIPO PO
FLEX sizE FLEX SIZE
INSATU POLAR
INSATU POLAR
INSOLU
INSOLU
Tubastatin A Compound 21

Fig. 7. Two dimensional bioavailability radars of tubastatin A and compound 21.
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Table 6

Effect of compounds 9 and 21 on the pro-inflammatory cytokine levels in the supernatant of peritoneal macrophage cells. Concentrations were expressed in pg/mL (A)
TNF-a (B) IL-6.

Compd LPS (0.1 pg/mL) Dose TNF-ot TNF- IL-6 IL-6
(ng/mL) (pg/mL) % inhibition (pg/mL) % inhibition

Normal - - 195.90 + 29.35 NA 1996.53 + 43.32 NA

Vehicle - 1219.78 + 11.13% - 3013.43 + 16.41% -

9 1 1019.21 + 7.96* 17.28 + 1.14 2617.2 + 15.39 13.14 + 1.1
10 872.08 + 16.93* 29.22 +1.37 2199.42 + 40.79* 27.01 +1.35

21 1 1180.12 + 23.07 12.34 +1.87 2730.53 + 42.86 9.38 + 1.42
10 1046.79 + 32.89* 15.04 + 2.66 2648.31 + 41.51 12.11 + 1.37

Dexamethasone 1 581.27 + 18.24* 52.82 + 1.48 1792.75 + 41.11* 40.50 + 1.88

*P < 0.05; Vehicle vs treatment; #Vehicle vs normal; n = 3; normal without LPS induction, vehicle after.
LPS induction without treatment with compound.

Table 7

Effect of compound 9 as a single acute oral dose at 5, 50, 300 and 1000 mg/kg on body weight, haematological and serum biochemical parameters in Swiss albino mice
(Mean =+ SE; n = 6; non significant compared to control).

Parameters Dose of 9 at mg/kg body weight as a single oral dose
Control 5 mg/kg 50 mg/kg 300 mg/kg 1000 mg/kg
Body weight (gm) 29.35 + 0.57 28.17 £ 0.97 28.18 + 0.80 30.22 + 0.37 27.43 + 0.65
Hematological parameters Haemoglobin (gm/dL) 15.66 + 0.80 17.63 + 0.65 15.54 + 0.88 16.77 + 1.03 16.73 + 0.84
RBC (million/mm?) 7.13 £ 0.40 8.96 + 0.84 8.82 + 0.49 8.48 £+ 0.62 8.53 £ 0.75
WBC (1000*/mm3) 5.29 £ 0.51 5.01 £ 0.41 4.34 £ 0.30 5.75 £ 0.14 4.73 £0.27
Liver Function Test ALKP (U/L) 260.10 £ 26.76 221.34 £18.22 281.72 + 44.62 238.88 + 24.95 277.51 £ 25.58
SGOT (U/L) 31.51 +£6.31 28.87 + 2.20 33.67 + 1.46 29.93 + 4.68 33.40 £ 2.65
SGPT (U/L) 17.01 £+ 2.33 16.79 4+ 2.13 19.56 + 1.03 17.95 + 1.37 22.91 + 2.00
Albumin (g/dL) 4.12 £ 0.17 4.34 £ 0.05 4.36 £ 0.11 4.46 £+ 0.06 4.53 £+ 0.08
Serum Protein (mg/ml) 5.73 £ 0.21 5.44 + 0.08 5.64 + 0.14 5.45 + 0.15 5.87 + 0.07
Kidney Function Test Creatinine (mg/dL) 0.76 + 0.06 0.58 + 0.05 0.69 + 0.04 0.64 + 0.07 0.74 + 0.05
Lipid profile Cholesterol (mg/dL) 140.17 + 3.76 162.42 + 3.08 157.99 + 5.38 157.14 £5.17 157.22 £ 9.94
Triglycerides (mg/dL) 136.88 + 3.12 146.79 + 6.65 129.78 + 7.59 127.18 + 2.37 130.21 + 3.89
Absol ich M control
2.00 - solute organ weight 8.00 . ) N control % Differential leucocytes count ot
m5mg/kg
- Relative organ weight 25 mg/k fr—
somg/kg | £, E/ke 0 | fi iy
1.50 A '56.00 1 S0me/kg
300 mg/kg g S0mg/kg 60
1300 mg/kg 1300mg/kg
BL00 - m1000me/ke | F 45 \
aal. 24.00 1 n1000mg/kg | 8 #1000 me/kg
- g 4
0.50 g ¢
: ©2.00 - g
[
o 20
0.00 - =
10
Liver  Lungs Brain Kidney Spleen Heart = .
Liver Lungs Brain Kidney Spleen Heart 0

Lymphocytes Neutrophil ~ Monacytes  Eosinophil  Basophils

Fig. 8. Effect of 9 as a single acute oral dose at 5, 50, 300 and 1000 mg/kg on a) absolute, b) relative organ weight, and c) on differential leukocyte counts in Swiss
albino mice (n = 6, non significant compared to control).

5.1.2. General procedure for the synthesis of compounds 6, 15, 16 and 3.80 (s, 3H, OCH3), 3.91 (s, 3H, OCH3), 3.94 (s, 3H, OCHj3), 5.31(s, 1H,
29-31: 3-CH), 6.43(d, 1H, —=CH, olefinic, J=16 Hz), 6.42(s, 2H, CH, aromatic),

Synthesis of (E)-Methyl [3-(4-(Z)-4,5,6-trimethoxy-1-0x0-3-(3,4,5-tri- 7.22(s, 1H, benzylidene), 7.43(d, 2H, 2 x CH, phenyl ring, J = 8 Hz),
methoxyphenyl)-1H-inden-2(3H)ylidene) methyl)phenylacrylate (6). 7.52(d, 2H, 2 x CH, phenyl ring, J = 8.5 Hz), 7.62(d, 1H, olefinic, J=16

To a stirred solution of 1.5% KOH in methanol (w/w, 10 mL) at Hz), 7.67(s, 1H, aromatic); 13C NMR (125 MHz, CDCl3): § 14.20, 46.24,
10 °C, compound 4 (500 mg, 1.29 mmol) was added. To this stirred 51.85, 56.20, 56.32, 60.31, 60.91, 60.96, 101.45, 105.92, 118.91,
solution, methyl-4-formylcinname (7) (270 mg, 1.42 mmol) was added 127.95, 131.54, 131.93, 133.40, 135.23, 136.27, 136.77, 136.82,
and further stirred at RT for 2 h. On completion, solvent was evaporated, 140.87, 140.96, 143.71, 148.92, 149.96, 153.04, 155.01, 167.20,
the obtained residue was diluted with water (20 mL), and extracted with 193.61; HRMS-ESI-TOF (MeOH) for C332H3509 calculated, 561.2124 for
ethyl acetate (20 mLx3). The organic layer was washed with water (20 [M + H]™, found, 561.2122.

mlLx2), dried over anhydrous NaySO4 and evaporated in-vacuo. The The procedure of preparation of all these compounds was same

crude mass was purified through column chromatography over silica gel except for compounds 29-31 where 3% KOH in MeOH was used.

by eluting with ethyl acetate-hexane to get the desired product 6 as 15: Yield:79%; M.P.:108-110 °C; NMR (500 MHz, CDCl3): §

amorphous solid. 1.22-1.26(bt, 3H, CHj3), 2.06-2.10(m, 2H, —CHy—), 2.46-2.49(bt, 2H,
6: Yield: 664 mg (92%); M.P.:166-170 °C;'H NMR (500 MHz, —CH,CO), 3.48(s, 3H, OCHs), 3.73(s, 3H, OCHgs), 3.77(s, 3H, 2 x

CDCl3): 6 3.46 (s, 3H, OCH3s), 3.72 (s, 3H, OCHj3), 3.73 (s, 6H, 2 x OCHz), OCHjy), 3.80(s, 3H, OCHj3), 3.98(s, 3H, OCHj), 4.10-4.11 (bt, 2H,
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—OCH)), 4.12-4.14(bq, 2H, —OCH)), 5.26(s, 1H, 3-CH), 6.49(s, 1H,
CH, aromatic), 6.79(s, 1H, CH, aromatic), 6.80-6.82(d, 2H, 2 x CH,
aromatic), 7.28(d, 1H, CH, aromatic), 7.48(d, 1H, CH, aromatic), 7.65(s,
1H, benzylidene), 7.99(s, 1H, CH, aromatic); 3¢ NMR (125 MHz,
CDCl3):6 14.17, 24.48, 30.64, 31.44, 36.48, 46.34, 56.25, 60.24, 60.46,
60.90, 66.82, 101.43, 114.59, 126.98, 131.96, 132.19, 133.53, 134.48,
136.79, 137.25, 141.17, 139.43, 140.80, 148.48, 149.92, 152.98,
154.84, 160.10, 173.12, 193.85; HRMS-ESI-TOF (MeOH) for C34H3301¢
calculated, 607.2543 for [M + H]" found, 607.2543.

16: Yield: 87%; M.P.:178-180 °C; 'H NMR (500 MHz, CDCl3): 6 3.44
(s, 3H, OCH3), 3.72(s, 6H, 2 x OCHs), 3.89(s, 3H, OCH3), 3.91(s, 3H,
OCH3y), 3.93(s, 3H, OCH3), 5.30(s, 1H, 3-CH), 6.39(s, 2H, 2 x CH, aro-
matic), 7.23(s, 1H, CH, aromatic), 7.54 (d, 2H, 2 x CH, aromatic, J =
8.5 Hz), 7.68(s, 1H, =—CH, benzylidene), 7.92(d, 2H, 2 x CH, J = 8.5
Hz); 3¢ NMR (125 MHz, CDCl3): § 46.15, 52.26, 56.19, 56.31, 60.29,
60.88, 60.95, 101.46, 105.94, 129.55, 130.79, 131.85, 133.06, 136.68,
136.86, 138.82, 141.05, 141.95, 149.06, 149.98, 153.04, 155.06,
166.46, 193.45; ESI-MS (MeOH): for C3oH3009; 535 [M + H]*;

29: Yield: 92%; M.P.: 206-209 °C; THNMR (500 MHz, CDCl3): 6 3.83
(s, 3H, OCH3), 3.91(s, 3H, —COOCHj3), 4.00(s, 2H, CH,), 6.50(d, 1H,
—CH, olefinic, J=16 Hz), 6.96(d, 1H, CH, aromatic), 6.99(s, 1H, —CH,
benzylidene), 7.25(s, 1H, CH, aromatic), 7.59 (d, 2H, 2 x CH, aromatic,
J=28.5Hz), 7.66(d, 2H, 2 x CH, aromatic, J=8.5 Hz), 7.69(d, 1H, —CH,
olefinic, J=16 Hz), 7.85(d, 1H, CH, aromatic); 1°C NMR (125 MHz,
CDCl3): 651.84,55.73,109.76,115.39, 118.86, 126.34, 127.71, 128.52,
130.95, 131.53, 135.15, 136.45, 137.47, 143.79, 152.38, 165.41,
167.24, 192.53; HRMS-ESI-TOF (MeOH) for Cy1H;304 calculated,
335.1283 for [M + H]" found, 335.1283.

30: Yield: 88%; M.P.: 197-199 °C; 'H NMR (500 MHz, CDCl3): 5 3.82
(s, 3H, —COOCHg3), 3.94(s, 3H, OCH3), 3.96(s, 2H, CH>), 3.99(s, 3H,
OCHsy), 6.49 (d, 1H, —CH, olefinic, J =16 Hz), 6.97(s, 1H, —CH, ben-
zylidene), 7.32(s, 1H, CH, aromatic), 7.56(s, 1H, CH, aromatic proton),
7.58 (d, 2H, 2 x CH, phenyl ring proton, J=8.5 Hz), 7.65(d, 2H, 2 x CH,
aromatic, J=8.5 Hz), 7.68(d, 1H, =CH, olefinic, J = 16 Hz); *C NMR
(125 MHz, CDCl53):6 33.22, 51.82, 56.18, 56.32, 105.14,107.18, 118.84,
128.50, 130.91, 131.02, 131.23, 135.13, 136.61, 137.49, 143.77,
144.79, 149.78, 155.63, 167.22, 192.84; Electrospray mass for
CgoHo905 (CH3CN):403[M + K]+.

31: Yield: 91%; M.P.:314-317 °C; 'H NMR (500 MHz, DMSO-dg):56
3.82(s, 3H, OCH3), 3.87(s, 3H, OCHj3), 3.90(s, 3H, OCH3), 4.01(s, 2H,
CHy), 7.45(s, 1H, =—CH, benzylidene), 7.65(s, 1H, CH, aromatic), 7.93(s,
1H, CH, aromatic), 8.03(d, 2H, 2 x CH, aromatic, J=8.5 Hz), 8.10(d, 2H,
2 x CH, aromatic, J=8.5 Hz); '3C NMR (125 MHz, DMSO-de): 531.78,
55.92, 56.24, 56.29, 104.80, 108.40, 129.86, 129.94, 130.82, 131.49,
135.35, 135.85, 138.53, 139.83, 145.75, 149.65, 166.14, 192.06;
HRMS-ESI-TOF (MeOH) for CyoH;805 calculated, 339.1232 for [M +
H] ", found, 339.1208.

5.1.3. General procedure for the synthesis of compounds 7, 17, 18, 24,
and 32-34

Synthesis of (E)-3-(4-((Z)-(4,5,6-trimethoxy-1-0x0-3-(3,4,5-trime-
thoxyphenyl)-1H-inden-2(3H)-ylidene) methyl) phenyl-prop-2-enoic acid
).

To a stirred solution of 3% KOH in MeOH-H0 (9:1), ester 6 (500 mg,
0.89 mmol) was taken and further stirred at50°C for 2 h. On completion,
the reaction mixture was acidified with 5% dil. HCl (10 mL) and
extracted with ethyl acetate. The ethyl acetate was washed with water
(20 mLx2), dehydrated with anhydrous sodium sulphate and evaporated
to dryness to get a residue. The residue was recrystallized from
chloroform-hexane to get corresponding acid 7 as amorphous solid.

7: Yield: 434 mg (89%); M.P.: 238-241 °C; 'H NMR (500 MHz,
CDCls): §3.46(s, 3H, OCH3), 3.73 (s, 9H, 3 x OCHj3), 3.91(s, 3H, OCH3),
3.93(s, 3H, OCHs), 5.31(s, 1H, 3-CH), 6.44(d, 1H, —CH, olefinic, J=16
Hz), 6.43(s, 2H, CH, aromatic), 7.25(s, 1H, benzylidene), 7.45(d, 2H,
J=8.5 Hz, aromatic), 7.54(d, 2H, aromatic, J = 8.5 Hz), 7.67(s, 1H, CH,
aromatic), 7.71(d, 1H, =CH, olefinic, J =16 Hz); *C NMR (125 MHz,
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CDCl3):6 46.25, 56.24, 56.31, 60.30, 60.89, 60.94, 101.50, 106.05,
118.32, 128.20, 131.54, 131.91, 133.29, 134.85, 136.71, 136.73,
136.96, 140.97, 141.13, 145.75, 148.98, 149.97, 153.08, 155.05,
171.23, 193.57; HRMS-ESI-TOF (MeOH) for C31H3pOg calculated,
545.1811 for [M—H] found, 545.1819.

17: Yield: 83%; M.P.: 163-165 °C; 1H NMR (500 MHz, CDCl3):6
2.02-2.15(m, 2H, —CH,—), 2.53-2.55(bt, 2H, —CH,CO), 3.46(s, 3H,
OCHsy), 3.74(s, 3H, OCH3), 3.85(s, 3H, 2 x OCHjs), 3.89(S, 3H, OCHjs),
3.99(S, 3H, OCH3), 4.00(bt, 2H, OCH>), 5.26(s, 1H, 3-CH), 6.48(s, 2H, 2
x CH, aromatic), 6.96(d, 2H, 2 x CH, aromatic,J=8.5 Hz), 7.47(d, 2H, 2
x CH, aromatic, J=8.5 Hz), 7.23(s, 1H, —CH, benzylidene), 7.65(s, 1H,
CH, aromatic); 13C NMR (125 MHz, CDCls):5 14.19, 21.05, 24.27, 30.29,
46.37, 56.10, 56.29, 60.46, 60.95, 61.70, 66.63, 72.24, 101.48, 105.86,
114.39, 127.01, 132.18, 133.58, 134.65, 136.87, 137.22, 148.52,
149.93, 153.32, 160.06, 177.74, 194.04; HRMS-ESI-TOF (MeOH) for
C32H3401¢ calculated, 579.2230 for [M + H]™" found, 579.2231.

18: Yield: 81%; M.P.: 229-231 °C; H NMR (500 MHz, CDCl3): 63.45
(s, 3H, OCH3), 3.73(s, 6H, 2 x OCHjs), 3.73((s, 3H, OCH3), 3.91(s, 3H,
OCHs), 3.95(s, 3H, OCHs), 5.32(s, 1H, 3-CH), 6.39(s, 2H, 2 x CH, aro-
matic), 7.25(s, 1H, CH, aromatic), 7.58(d, 2H, 2 x CH, J=8.0 Hz), 7.71
(s, 1H, =CH, benzylidene), 8.00(d, 2H, 2 x CH, aromatic, J=8.5 Hz);
13¢ NMR (125 MHz, CDCl3):6 41.40, 51.45, 51.58, 55.56, 56.17, 56.23,
96.72,101.13, 121.66, 124.56, 125.27, 126.00, 127.08, 128.16, 131.94,
132.09, 134.91, 136.33, 137.58, 144.37, 145.23, 148.31, 150.34,
165.01, 188.70; HRMS-ESI-TOF (MeOH) for Cy9Hg09 calculated,
519.1655 for [M—H]" found, 519.1673.

24: Yield: 72%; oil; 'H NMR (500 MHz, CDCl3): 62.81-2.92(dd, 1H,
CHy, Jab, benzylic), 2.93-2.94(dd, 1H, CH,, benzylic), 3.34(s, 3H,
OCH3s), 3.40(bm, 1H, 3-CH), 3.59(s, 3H, 2 x OCH3), 3.78(s, 3H, OCH3),
3.89(s, 3H, OCH3), 3.95(s, 3H, OCH3), 4.12(d, 1H, 3-CH), 5.86(s, 2H, 2
x CH, aromatic), 7.11(s, 1H, CH, aromatic), 7.34(d, 2 x CH, aromatic,
J=8.5 Hz), 8.02(d, 2 x CH, aromatic, J=8.0 Hz); >C NMR (125 MHz,
CDCl3):6 37.63, 47.72, 55.98, 56.27, 59.26, 60.12, 60.87, 100.61,
104.06, 127.68, 129.62, 130.41, 131.35, 136.60, 139.51, 142.68,
145.72, 149.20, 150.48, 153.14, 155.23, 171.16, 205.91; ESI-MS
(MeOH) for CogHz00g: 523 [M + HI', 545 [M + Nal't, Negative
mode: 521 [M—H]};

32: Yield: 89%; M.P.: 301-303 °C (Blackens); 'H NMR (500 MHz,
DMSO-dg): 6 3.90(s, 3H, OCH3), 4.10(s, 2H, CH5), 6.62-6.65(d, 1H,
—CH, olefinic,J=16 Hz,), 7.04(d, 1H, CH, aromatic, J=8.5 Hz), 7.20(s,
1H, CH, aromatic), 7.46(s, 1H, —CH, benzylidene), 7.64(d, 1H, —CH,
olefinic, J= 16 Hz,), 7.73(d, 2H, 2 x CH, aromatic, J=8.5 Hz), 7.79(d,
2H, 2 x CH, aromatic, J=8.5 Hz), 7.81(d, 1H, CH, aromatic, J = 8.5 Hz);
3¢ NMR (125 MHz, DMSO-dg):5 32.09, 55.84, 110.19, 115.52, 120.36,
125.56, 128.74, 130.49, 130.66, 130.99, 135.18, 136.71, 143.04,
153.04, 165.05, 167.51, 191.53; HRMS-ESI-TOF (MeOH) for CooH1604
calculated, 321.1126 for [M + H]™" found, 321.1121.

33: Yield: 86%; M.P.:196-199 °C; 'H NMR (500 MHz, DMSO-dg): 5
3.83(s, 3H, OCH3), 3.90(s, 3H, OCH3), 4.01(s, 2H, CHj), 6.63(d, 1H,
—CH, olefinic, J=15.5 Hz), 7.14(s, 1H, =—CH, benzylidene), 7.22(s, 1H,
CH, aromatic), 7.43(s, 1H, CH, aromatic), 7.63(d, 1H, =CH, olefinic, J
= 15.5 Hz), 7.72(d, 2H, 2 x CH, aromatic, J=7.5 Hz), 8.15(d, 2H, 2 x
CH, aromatic, J=7.0 Hz); '3C NMR (125 MHz, DMSO-dg):5 31.64, 55.65,
56.00,104.58, 108.04,120.33,127.77,128.69, 130.17,130.88, 131.28,
135.09, 136.88, 142.97, 145.17, 149.37, 155.41, 167.49, 191.73; ESI-
MS (MeOH) for Cy;H1g0s; 351 [M + HI]™, 389 [M + K]'; Negative
mode: 349 [M—H];

34: Yield: 87%; M.P.:279-282 °C (Blackens); 'H NMR (500 MHz,
pyridine-ds):6 3.32(s, 3H, OCH3), 3.38(s, 3H, OCHj3), 3.44(s, 2H, CHy),
6.50(s, 1H, =CH, benzylidene), 6.75(s, 1H, CH, aromatic), 7.12(s, 1H,
CH, aromatic), 7.37(d, 2H, 2 x CH, aromatic, J=7.5 Hz), 8.05(d, 2H, 2
x CH, aromatic, J = 7.5 Hz); 13C NMR (125 MHz, pyridine-ds):5 32.74,
56.34, 56.68, 106.09, 108.71, 123.62, 123.86, 124.05, 124.25, 131.24,
131.66, 139.01, 140.43, 146.08, 150.96, 156.92, 192.97; Electrospray
mass for C1gH1605 (MeOH): 325[M + H]', 347[M + Nal*, 363[M +
K1, Negative mode: 323[M-H]"; HRMS-ESI-TOF (MeOH) for C19H1605
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calculated, 325.1076 for [M + H]found, 325.0964.

5.1.4. General procedure for the synthesis of compounds 8, 19, 20, 25,
35-37 and 41

Synthesis of (E)-N-((tetrahydro-2H-pyran-2-yl)oxy)--3-(4-((Z)-(4,5,6-
trimethoxy-1-0xo-3-(3,4,5-trimethoxyphenyl)-1H-inden-2(3H)-ylidene)
methyl) phenyl-prop-2-enamide (8).

To a stirred solution of dry dichloromethane (15 mL), acid 7 (500
mg, 0.91 mmol) was added. To this N-methyl morpholine (0.6 mL, 5.46
mmol), DMAP (12 mg, 0.11 mmol) and cyanuric chloride (80 mg, 0.43
mmol) were added. Now O-THP-hydroxylamine [O-tetrahydro-2H-
pyran-2-yl) hydroxylamine] was added to this and further stirred at RT
for an hour. On completion, water (20 mL) was added to this and re-
action mixture was extracted with chloroform (20mLx2), organic layer
was washed with water (20mLx2) and dehydrated with anhydrous so-
dium sulphate. The residue thus obtained was charged on a silica gel
column (100-200 mesh) and eluted with hexane-ethyl acetate to get the
desired product at 5-10% EA-Hexane, which on recrystallization from
hexane afforded compound 8 as an amorphous solid.

8: Yield: 360 mg (61%); M.P.: 167-170 °C; 'H NMR (500 MHz,
CDCl3): 61.60-1.1.89 (m, 6H, 3 x CHy), 3.47(s, 3H, OCH3), 3.65 (t, 2H,
OCHy), 3.75(s, 9H, 3 x OCHjs), 3.82(s, 3H, OCHj3), 3.94(s, 3H, OCHjs),
4.11(t, 1H, 3-CH), 5.30(s, 1H, 3-CH), 6.43(bd, 3H, —=CH & 2 x CH,
olefinic and aromatic), 7.23(s, 1H, CH, aromatic), 7.40(d, 2H, 2 x CH,
aromatic, J=7.5 Hz), 7.50(d, 2H, 2 x CH, aromatic, J = 8.0 Hz), 7.66(bs,
2H, olefinic and benzylidene); 13¢ NMR (125 MHz, CDCl3): §14.20,
18.69, 21.06, 23.39, 24.97, 28.07, 29.70, 33.26, 46.25, 50.87, 56.22,
56.31, 60.30, 60.42, 60.91, 60.95, 62.75, 67.44, 98.47, 101.45, 105.97,
127.84, 131.51, 131.53, 131.96, 133.46, 135.53, 135.99, 136.83,
140.72, 140.95, 148.90, 149.96, 153.04, 155.02, 193.60; HRMS-ESI-
TOF (MeOH) for C3gH3gNOjg calculated, 646.2652 for [M + H]"
found, 646.2638.

19: Yield: 59%; M.P.: 103-105 °C; H NMR (500 MHz, CDCl3): &
1.56-1.78(m, 6H, CH,), 2.11-2.17(m, 2H, —CH,—), 2.30-2.35(bt, 2H,
—CH>CO), 3.57(t, 2H, OCH>), 3.48(s, 3H, OCHs), 3.77-3.78(s, 3H,
OCH3s), 3.80(s, 6H, 2 x OCH3), 3.89(s, 3H, OCH3s), 3.99(s, 3H, OCHj3),
4.01(t, 2H, OCHy), 4.93(t, 2H, OCHy), 5.26(s, 1H, 3-CH), 6.49(s, 2H, 2
x CH, aromatic), 6.78(d, 2H, 2 x CH, aromatic, J=9.0 Hz), 7.54(d, 2H,
2 x CH, aromatic, J=9.0 Hz), 7.23(s, 1H, =CH, benzylidene), 8.13(s,
1H, CH, aromatic); 13¢ NMR (125 MHz, CDCls): §18.56, 24.95, 25.22,
27.97, 29.66, 46.39, 56.29, 60.28, 60.90, 62.58, 66.76, 93.26, 100.94,
101.44, 102.47, 106.03, 114.42, 114.59, 114.77, 127.09, 128.92,
132.01, 132.23, 133.26, 134.46, 136.77, 136.89, 137.32, 140.32,
148.49, 149.99, 153.00, 154.86, 170.15, 193.85; HRMS-ESI-TOF
(MeOH) for Cs7yH43NO;; calculated, 678.2914 for [M + H]" found,
678.2914.

20: Yield: 52%; light orange amorphous solid; M.P.: 110-112 °C; 'H
NMR (500 MHz, CDCl3): §1.20-1.81(bt, 6H, 2 x CH,), 3.43(s, 3H,
OCHsy), 3.70(s, 3H, OCH3), 3.74 (s, 3H, OCH3s), 3.89(s, 6H, 2 x OCHjs),
3.91(s, 3H, OCH3), 4.06-4.11(bt, 2H, —OCH>), 5.03(s, 1H, 3-CH), 5.25
(t, 3H, O-CH-0), 6.37(s, 2H, 2 x CH, aryl proton), 7.50(d, 2H, 2 x CH,
J=8.0 Hz), 7.64(d, 2H, 2 x CH, J=7.5 Hz), 7.20(s, 1H, CH, aromatic
proton), 7.24(s, 1H, =—CH, benzylidine proton), 8.90(s, 1H, —NH); 3¢
NMR (125 MHz, CDCl3): § 14.19, 18.61, 21.05, 25.01, 28.05, 46.15,
56.22, 56.30, 60.40, 60.95, 62.70, 101.44, 102.75, 105.89, 127.18,
131.03, 131.80, 132.29, 132.89, 136.65, 136.68, 136.85, 138.01,
141.00, 149.04, 149.97, 153.07, 155.06, 171.18, 193.45; HRMS-ESI-
TOF (MeOH) for C34H3yNOqq calculated, 619.2417 for [M + HI™,
found, 642.2315.

25: Yield: 81%; brown amorphous solid, M.P.: 108-110 °C; 'H NMR
(500 MHz, CDCl3): 61.60-1.87(bm, 6H, 3 x CHj), 2.79(dd, 1H, CHo,
benzylic proton), 2.87(dd, 1H, CH,, benzylic proton), 3.34(s, 3H,
OCH3), 3.49(bm, 1H, 3-CH), 3.59(s, 3H, 2 x OCHj), 3.76(s, 3H, OCH3),
3.89(s, 3H, OCH3), 3.93(s, 3H, OCH3), 4.08-4.13(bm, 3H, 3-CH &
OCHy), 5.05(t, 1H, O-CH-0), 5.84(s, 2H, 2 x CH, aryl proton), 7.08 (s,
1H, CH, aromatic proton), 7.28(d, 2 x CH, phenyl ring proton, J=8.0
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Hz), 7.67(d, 2 x CH, phenyl ring proton, J=8.0 Hz); >C NMR (125 MHz,
CDCl3): § 20.33, 25.03, 28.08, 47.61, 56.26, 59.32, 60.11, 60.41, 60.96,
62.76,100.53,102.78,104.09, 127.39, 128.90, 129.78, 130.39, 131.39,
136.58, 139.55, 139.58, 142.64, 143.70, 149.15, 150.47, 153.13,
155.20, 171.19, 205.89; HRMS- ESI-TOF (MeOH) for C3sH3oNO1g
calculated, 621.2573 for [M + Na]™, found, 644.2471.

35: Yield: 72%;M.P.:146-149 °C; 'H NMR (500 MHz, DMSO-dq): 6
1.64-1.73(bm, 6H, 3 x CHy), 3.50-3.62(bs, 2H, CH,), 3.84(s, 3H,
OCHjy), 3.89-4.09(bs, 3H, OCH; & OCHO—), 6.62(s, 1H, CH, benzyli-
dene), 7.19(s, 1H, CH, aromatic), 7.37(d, 1H, CH, aromatic), 7.45-7.53
(d, 1H, CH, aromatic), 7.63(d, 1H, —CH, olefinic, J=15 Hz), 7.73(bd,
4H, 4 x CH, aromatic, J=6.5 Hz), 7.79(d, 1H, =CH, olefinic, J=15.5
Hz), 11.30(s, 1H, —NH); 13¢ NMR (125 MHz, DMSO-dg): §19.22, 24.27,
28.29, 56.00, 61.03, 78.94, 100.70, 109.79, 155.06, 119.49, 125.12,
126.74, 127.74, 129.15, 130.28, 131.00, 134.12, 135.85, 136.09,
138.26, 152.56, 165.58, 191.09; HRMS-ESI-TOF (MeOH) for C25H25NOs
calculated, 420.1810 for [M + H]™" found result, 420.1800.

36: Yield: 73%; Green amorphous solid;M.P.:255-259 °C; 1H NMR
(500 MHz, CDCl3): § 1.76-2.04(bm, 6H, 2 x CH,, pyran ring proton),
3.59-3.67(s, 2H, CHy), 3.91(s, 3H, OCH3), 3.99(s, 3H, OCH3), 5.18 (¢,
1H, —OCHO-), 6.77(s, 1H, —CH, benzylidene proton), 6.94(d, 1H,
—CH, olefinic proton, J=15.5 Hz), 7.33(s, 1H, CH, aromatic proton),
7.50(d, 2H, 2 x CH, phenyl ring proton, J = 6.5 Hz), 7.63(s, 1H, CH,
aromatic proton), 7.58(d, 2H, 2 x CH, phenyl ring proton, J=8.0
Hz),7.67(d, 1H, =CH, olefinic proton, J=16.5 Hz); '*C NMR (125 MHz,
CDClg): 622.76, 25.52, 28.89, 37.47, 56.18, 56.31, 63.25, 100.82,
104.30, 105.17, 106.86, 107.21, 115.91, 118.47, 123.95, 127.41,
128.24, 131.38, 136.75, 141.43, 144.84, 155.45, 166.52, 192.98; ESI-
MS (MeOH): for CosHa7NOg;450 [M + HI, 488[M + K]*.

37: Yield: 72%; light green amorphous solid; M.P.:163-165 °C; 'H
NMR (500 MHz, DMSO-dg): 6 1.27-1.74(bm, 6H, 2 x CHj, pyran ring
proton), 3.82(s, 3H, OCH3), 3.87(s, 3H, OCH3), 3.90(s, 3H, OCHs), 3.91
(s, 2H, CHjy), 4.04(t, 2H, OCHy), 5.02(t, 1H, —OCHO-), 7.14(s, 1H,
—CH, benzylidene proton), 7.46(s, 1H, CH, aromatic proton), 7.88(d,
2H, 2 x CH, phenyl ring proton, J=8.5 Hz), 7.95(s, 1H, CH, aromatic
proton), 8.13(d, 2H, 2 x CH, phenyl ring proton, J = 8.0 Hz); 13¢ NMR
(125 MHz, DMSO-dg): 621.72, 24.71, 27.88, 34.68, 55.61, 56.03, 61.42,
101.05, 104.61, 108.05, 127.72, 130.54, 132.51, 135.46, 137.65,
138.09, 144.21, 145.29, 149.39, 155.49, 162.29, 191.67; HRMS-ESI-
TOF (MeOH) for Cy4H25NOg calculated, 422.1603 for [M—H] found,
422.1603.

5.1.5. General procedure for the synthesis of compounds 9, 21, 22, 26,
and 38-40

Synthesis  of  (E)-N-Hydroxy-3-(4-((Z)-(4,5,6-trimethoxy-1-0xo0-3-
(3,4,5-trimethoxyphenyl)-1H-inden-2(3H)-ylidene)methyl) phenyl-prop-2-
enamide(9).

In a stirred solution of dry methanol (20 mL), protected hydroxyl-
amine derivative 8 (500 mg, 0.77 mmol) was added. To this p-toluene
sulphonic acid (p-TSA, 10 mg, 0.06 mmol) was added and further stirred
at RT for 30 min. On completion, solvent was evaporated and water (20
mL) was added to this. It was extracted with ethyl acetate (20 mLx3),
washed with water (20 mLx2), dehydrate with anhydrous sodium sul-
phate and dried in-vacuo. The crude mass was charged on a silica gel
(100-200 mesh) column and eluted with ethyl acetate-hexane to get the
desired compound at 60% ethyl acetate-hexane to get yellowish green
amorphous hydroxamic acid derivative 9.

9: Yield: 313 mg (72%) yellow solid; M.P.: 107-110 °C; H NMR
(500 MHz, CDCl3): 62.03(bs, 1H, —OH), 3.47(s, 3H, OCH3s), 3.75(s, 9H,
3 x OCHs), 3.84(s, 3H, OCH3s), 3.92(s, 3H, OCH3), 5.27 (s, 1H, 3-CH),
6.40(bd, 3H, —=CH, 2 x CH, olefinic & aryl proton, J=16 Hz), 7.24(d,
1H, =CH, olefinic proton, J=15.5 Hz), 7.29(d, 2H, 2 x CH, phenyl ring
proton, J=6.0 Hz), 7.41(d, 2H, 2 x CH, phenyl ring proton, J=6.5 Hz),
7.25(s, 1H, benzylidine proton), 7.62 (s, 1H, CH, aromatic proton); 13¢
NMR (125 MHz, CDClg): §46.26, 56.24, 56.31, 60.30, 60.92, 60.97,
101.47, 106.03, 127.73, 131.51, 131.91, 133.52, 135.83, 136.70,
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140.67, 140.91, 148.94, 149.94, 153.01, 155.04, 193.63; HRMS-ESI-
TOF (MeOH) for C31H31NOg calculated, 560.1920 for [M—H] found,
560.1939.

21: Yield: 69%; red coloured solid; M.P.: 78-80 °C; 'H NMR (500
MHz, CDCl3): §2.03-2.07(bm, 2H, CH>), 2.30-2.34(bt, 2H, —CH,CO-),
3.47(s, 3H, OCH3), 3.73(s, 3H, OCH3), 3.87(s, 3H, 2 x OCH3s), 3.99(s,
3H, OCHjy), 4.12(t, 2H, OCH,), 5.26(s, 1H, 3-CH), 6.47(s, 2H, 2 x CH,
aryl aromatic proton), 6.73(d, 2H, 2 x CH, J=8.5 Hz, phenyl proton),
7.24(s, 1H, =CH, benzylidene proton), 7.43(d, 2H, 2 x CH, phenyl
proton, J=8.5 Hz), 7.65(s, 1H, CH, aromatic proton); 3¢ NMR (125
MHz, CDCl3): 622.68, 24.79, 29.68, 46.38, 54.91, 56.22, 56.29, 60.26,
60.92, 66.70, 101.47, 106.15, 114.34, 127.14, 132.25, 133.14, 133.50,
134.55, 136.63, 136.85, 137.58, 140.75, 148.56, 150.00, 152.91,
154.90, 159.85, 193.81; HRMS-ESI-TOF (MeOH) for Cs3yH3sNO;q
calculated, 594.2339 for [M + H]" found, 594.2331.

22: Yield: 63%; M.P.:138-142 °C; 'H NMR (500 MHz, CDCls): § 3.44
(s, 3H, OCHjy), 3.72(s, 3H, OCH3), 3.90 (s, 3H, OCHjs), 3.93(s, 6H, 2 x
OCH3s), 3.91(s, 3H, OCH3s), 5.03(s, 1H, 3-CH), 6.39(s, 2H, 2 x CH, aryl
proton), 7.20(s, 1H, CH, aromatic proton), 7.54(d, 2H, 2 x CH, J=8.0
Hz), 7.69(s, 1H, —CH, benzylidine proton), 7.93(d, 2H, 2 x CH, J=8.0
Hz), 8.90(s, 1H, —NH); °C NMR (125 MHz, CDCls): §46.16, 52.28,
56.23, 56.32, 60.30, 60.89, 60.96, 101.46, 105.91, 129.43, 130.36,
130.71, 131.85, 133.09, 136.69, 136.83, 138.82, 141.06, 141.93,
149.06, 149.98, 153.04, 155.06, 166.47, 193.46; HRMS-ESI-TOF
(MeOH) for CogHogNOg calculated, 535.1842 for [M + H]' found,
536.1920.

26: Yield: 74%; M.P.: 107-110 °C; 'H NMR (500 MHz, CDCl3): 6
2.78-2.89(dd, 1H, CHy, Jap, benzylic proton), 2.90-2.92(dd, 1H, CHo,
Jpa benzylic proton), 3.34(s, 3H, OCHs), 3.40(bm, 1H, 3-CH), 3.57 (s,
3H, 2 x OCH3), 3.71(s, 3H, OCHj3), 3.89(s, 3H, OCHj3), 3.93(s, 3H,
OCH3s), 4.08(d, 1H, 3-CH), 5.58(s, 2H, 2 x CH, aryl proton), 7.09(s, 1H,
CH, aromatic proton), 7.28(d, 2 x CH, phenyl ring proton, J=7.5 Hz),
7.65(d, 2 x CH, phenyl ring proton, J=7.0 Hz); 13C NMR (125 MHz,
CDCls): 633.83, 37.22, 47.79, 56.10, 56.27, 59.27, 60.11, 60.88, 60.90,
100.60, 104.20, 127.05, 129.01, 129.88, 131.55, 136.61, 139.56,
142.64, 143.97, 149.21, 150.44, 153.11, 155.22, 166.46, 205.88;
HRMS-ESI-TOF (MeOH) for C29H31NOg calculated, 537.1998 for [M +
Na] ", found, 538.2077.

38: Yield: 78%; Pale yellow amorphous solid; M.P.: 91-94 °C; Bii
NMR (500 MHz, DMSO-dg): 63.89 (s, 3H, OCH3), 4.10(s, 2H, CH>), 6.55
(d, 1H, =CH, olefinic proton, J=16 Hz), 7.04(d, 1H, CH, aromatic
proton, J = 8.5 Hz), 7.19(s, 1H, CH, aromatic proton), 7.45(s, 1H, —CH,
benzylidine proton), 7.51(d, 1H, =—CH, olefinic proton, J=16 Hz), 7.68
(d, 1H, CH, aromatic proton, J=8.0 Hz). 7.73(d, 2H, 2 x CH, phenyl ring
proton, J = 8.5 Hz), 7.80(d, 2H, 2 x CH, phenyl ring proton, J=8.5 Hz),
9.12(s, 1H, —NH); 3¢ NMR (125 MHz, DMSO-dg): 6§ 32.10, 55.86,
110.21, 115.51, 120.27, 125.63, 130.53, 130.73, 131.13, 133.91,
136.37,153.03,162.56, 162.7, 165.04, 191.56; HRMS-ESI-TOF (MeOH)
for CaoH17NOy4 calculated, 336.1235 for [M + H] ™, found, 3361232.

39: Yield: 52 %j; oil; H NMR (500 MHz, CDCl3): 63.66(s, 2H, CH>),
3.75(s, 3H, OCHs), 3.85(s, 3H, OCH3), 6.52(d, 1H, —=CH, olefinic pro-
ton), 6.61(s, 1H, —CH, benzylidene proton), 7.04(s, 1H, CH, aromatic
proton), 7.13 (s, 1H, CH, aromatic proton), 7.66(bm, 5H, 4 x CH, =CH),
8.22(s, 1H, —NH); 13¢ NMR (125 MHz, CDCl3): 5647.20, 51.82, 56.05,
63.81, 70.51, 98.38, 102.53, 117.59, 123.49, 127.59, 132.72, 141.52,
149.48, 155.61, 160.73, 168.27, 182.72, 188.42, 200.53; Electrospray
mass for CoH19NOs (MeOH): Positive mode, 388[M + Na]™.

40: Yield: 74%; Yellow amorphous solid; M.P.: 255-259 °C
(Blackens); H NMR (500 MHz, DMSO-dg): 63.83(s, 3H, OCH3), 3.90(s,
3H, OCH3), 4.02(s, 2H, CHy), 7.21(s, 1H, =—=CH, benzylidene proton),
7.42(s, 1H, CH, aromatic proton), 7.49(d, 2H, 2 x CH, phenyl ring
proton, J = 8.0 Hz), 7.71(d, 2H, 2 x CH, phenyl ring proton, J = 7.5 Hz),
7.85(s, 1H, CH, aromatic proton), 8.45(s, 1H, —NH); 13C NMR (125
MHz, DMSO-dg):5 32.31, 56.37, 56.52, 79.59, 104.91, 108.56, 114.34,
122.86, 130.13, 131.09, 133.12, 144.80, 149.61, 151.29, 155.12,
163.00, 192.35; HRMS-ESI-TOF (MeOH) for Ci9H;7NOs calculated,
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338.1028 for [M—H]" found, 338.1067.

5.1.6. General procedure for the synthesis of compounds 11 and 42, 43,
46, and 47

Synthesis of (E)-N-benzyloxy-3-(4-((Z)-(4,5,6-trimethoxy-1-0xo0-3-
(3,4,5-trimethoxyphenyl)-1H-inden-2(3H)-ylidene) methyl) phenyl-prop-2-
enamide(11).

To a stirred solution of dry DMF (20 mL) acid 7 (500 mg, 0.91 mmol)
was taken. To this stirred solution triethyl amine (0.5 mL, 363 mg, 3.59
mmol), EDC-HCI (190 mg, 1.0 mmol), and HOBt (135 mg, 1.0 mmol)
were added and stirred at 60 °C for 15 min. Now O-benzylhydroxyl-
amine hydrochloride (NH20Bn-HCl, 160 mg, 1.0 mmol) was added to
this and reaction mixture was further stirred at 60 °C for an hour. On
completion water (30 mL) was added to it and reaction mixture was
extracted with ethyl acetate (20 mLx3). Combined organic fraction was
washed with water (20 mL), dehydrated with anhydrous sodium sul-
phate and evaporated. The residue thus obtained was charged on silica
gel (100-200 mesh) column and eluted with hexane-ethyl acetate to get
the desired product 11 as amorphous solid.

11: Yield: 60%; M.P.: 109-113 °C; 'HNMR (500 MHz, CDCl3): 6 3.47
(s, 3H, OCHj3), 3.78(s, 6H, 2 x OCH3), 3.84(s, 3H, OCH3), 3.89(s, 3H,
OCHs), 3.91(s, 3H, OCH3), 4.96(s, 2H, -OCH2Bn), 5.30(s, 1H, 3-CH),
6.41(s, 3H, 2 x CH, =—=CH, aryl proton + olefinic proton), 7.23(s, 1H,
CH, aromatic proton), 3.35-7.39(bm, 5H, 5 x CH, benzyl aromatic
proton), 7.41(d, 2H, 2 x CH, phenyl ring proton, J=8.0 Hz), 7.49(d, 2H,
2 x CH, phenyl ring proton, J=8.5 Hz), 7.64(d, 1H, =—CH, olefinic
proton, J=15.5 Hz); '3C NMR (125 MHz, CDCls): 546.24, 55.91, 56.22,
56.31, 60.18, 60.30, 60.89, 60.95, 101.46, 105.36, 106.01, 114.07,
125.03, 127.87, 128.59, 128.95, 129.61, 131.50, 131.61, 131.95,
133.45, 135.21, 136.86, 140.76, 140.93, 148.91, 149.96, 151.01,
153.04, 155.03, 193.59; ESI-MS (MeOH) for C3gH37NOq; 652 [M + H] ™,
690 [M + K]*; Negative mode: 650 [M—H];

42: Yield: 62%; White amorphous solid; M.P.: 181-183 °C; 'H NMR
(500 MHz, DMSO-dg): 63.89(s, 3H, OCH3), 4.08(s, 2H, CH,), 4.95(s, 2H,
CHoy, benzylic), 7.00(d, 2H, 2 x CH, phenyl ring proton, J=8.5 Hz), 7.03
(d, 2H, 2 x CH, phenyl ring proton, J=8.5 Hz), 7.37-7.65(bm, 5H, 5 x
CH, benzylic ring), 7.72(s, 1H, —CH, benzylidene), 7.94(s, 1H, CH, ar-
omatic), 8.02(d, 1H, CH, J = 8.0 Hz, aromatic), 8.09(d, 1H, CH, aro-
matic, J=8.0 Hz), 10.97(s, 1H, -NH); 13C NMR (125 MHz, DMSO-dg):
§35.91, 55.93, 77.13, 110.26, 115.68, 125.72, 127.68, 128.35, 129.83,
130.41, 130.68, 132.64, 135.92, 136.07, 136.13, 137.27, 137.73,
153.21, 165.25, 166.98, 191.64; Electrospray mass for CysH21NO4
(CH3CN): Positive mode, 400[M + H]*; HRMS-ESI-TOF (MeOH) for
Ca5H21NO4 calculated,400.1548 for [M + H] ™" found, 400.1505.

43: Yield: 77%; Yellowish green amorphous solid; M.P.: 249-252 °C;
TH NMR (500 MHz, DMSO-dg): 6 3.83(s, 3H, OCH3), 3.91(s, 3H, OCH3),
4.03(s, 2H, CHy), 4.90(s, 2H, -OBn), 7.08(s, 1H, —CH, benzylidene
proton), 7.14-7.41(bm, 5H, 5 x CH, Bn ring protons), 7.46(s, 1H, CH,
aromatic proton), 7.76(d, 2H, 2 x CH, phenyl ring proton, J=8.0 Hz),
7.83(s, 1H, CH, aromatic proton), 8.11(d, 2H, 2 x CH, phenyl ring
proton, J=8.0 Hz), 8.45(s, 1H, —NH); 13C NMR (125 MHz, DMSO-dg):
548.62, 55.67, 56.07, 77.09, 104.68, 107.80, 108.12, 126.65, 127.63,
128.36, 129.87, 130.60, 132.44, 135.46, 137.35, 138.15, 144.30,
145.38, 149.39, 155.58, 162.00, 191.75. ESI-MS (MeOH) for
CosHo3NOs; 429 [M '], 452[M + Nal™, 468 [M + K1*; Electrospray mass
for CogHo3NOs (MeOH): Positive mode, 429[M] ", 452[M + Na]™,

46: Yield: 66%; M.P.: 221-223 °C; 'H NMR (500 MHz, DMSO-dg):
83.89(s, 3H, OCH3), 4.11(s, 2H, CH>), 4.89(s, 2H, -OCH,Bn), 6.54(d, 1H,
—CH, olefinic proton, J = 15.5 Hz), 7.05(d, 1H, CH, aromatic proton, J
= 8.5 Hz), 7.19(s, 1H, CH, aromatic proton), 7.32(s, 1H, =CH, benzy-
lidene proton), 7.37-7.46(bm, 5H, 5 x CH, Bn proton), 7.56(d, 1H,
—CH, olefinic proton, J=15.5 Hz), 7.62(d, 1H, CH, aromatic proton,
J=9.0 Hz), 7.70(d, 2H, 2 x CH, phenyl ring proton, J=8.0 Hz), 7.80(d,
2H, 2 x CH, phenyl ring proton, J = 8.5 Hz); 13C NMR (125 MHz,
DMSO-dg): 638.12, 55.85, 67.46, 110.21, 115.52, 122.74, 125.57,
128.21, 128.39, 130.52, 130.71, 131.09, 131.60, 135.56, 136.30,
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136.53, 138.85, 153.02, 165.08, 191.36; HRMS-ESI-TOF (MeOH) for
Co7H23NOy calculated, 426.1705 for [M + H]* found, 426.1705.

47: Yield: 81%; Yellow amorphous solid; M.P.: 185-187 °C; 'H NMR
(500 MHz, CDCl3): 63.78(s, 2H, CH»), 3.92(s, 3H, OCH3), 3.99(s, 3H,
OCH3s), 4.98(s, 2H, -OCH,Bn), 6.88(d, 1H, —CH, olefinic proton, J = 15
Hz), 6.96(s, 1H, —CH, benzylidene proton), 7.23(s, 1H, CH, aromatic
proton), 7.28(s, 1H, CH, aromatic proton), 7.30-7.64(bm, 10H, 9 x CH,
=—CH, phenyl ring + benzylidene proton), 7.80(d, 1H, Olefinic, J=15.5
Hz), 8.05(s, 1H, —NH); 3C NMR (125 MHz, CDCl3): §32.20, 34.90,
56.16, 56.31, 105.15, 106.86, 107.20, 128.92, 129.31, 131.29, 131.39,
131.50, 133.60, 136.34, 136.45, 136.50, 136.63, 137.52, 141.32, 143.9,
144.79, 149.80, 155.66, 192.85; HRMS-ESI-TOF (MeOH) for CogHosNOsg
calculated, 456.1810 for [M + H]™ found, 456.1800.

5.1.7. General procedure for the synthesis of compounds 12 and 44, 45,
48, and 49

Synthesis of N-hydroxy-3-(4-((4,5,6-trimethoxy-1-ox0-3-(3,4,5-tri-
methoxyphenyl)-2,3-dihydro-1H-inden-2-yl)methyl)phenyl) prop-
anamide (12).

To a stirred solution of dry THF (20 mL) compound 11 was taken. To
this 10% Palladium-charcoal (100 mg) was added and further stirred at
RT for 2 h. On completion, reaction mixture was filtered through celite
bed (Filter aid) and washed with ethyl acetate (20 mL). Organic layer
was washed with water (20 mL), dried over anhydrous sodium sulphate
and evaporated. The residue was charged in a silica gel column
(100-200 mesh) and eluted with ethyl acetate-hexane to get the desired
product at 60% ethyl acetate-hexane to get compound 12 as a viscous
compound.

12: Yield: 52%; Creamy while amorphous solid; M.P.:104-107 °C; 'H
NMR (500 MHz, CDCl3): 62.15-3.34(bm, 6H, CH>), 3.46(s, 3H, OCHj3),
3.72(s, 3H, OCH3), 3.77(s, 3H, OCH3), 3.84(s, 6H, 2 x OCH3), 3.91(s,
3H, OCH3), 4.12(m, 1H, 3-CH), 4.57(d, 1H, 3-CH), 5.85(s, 2H, 2 x CH,
aryl proton), 6.98(d, 2H, 2 x CH, phenyl ring proton), 7.06(d, 2H, 2 x
CH, phenyl ring proton), 7.25(s, 1H, CH, aromatic proton); 3¢ NMR
(125 MHz, CDCl3): § 31.52, 31.92, 45.83, 56.01, 56.11, 56.26, 60.12,
60.29, 60.98, 100.40, 104.41, 123.96, 127.92, 128.74, 129.58, 131.54,
136.38, 138.54, 139.86, 142.64, 150.06, 150.45, 152.70, 155.12,
170.00, 206.47; HRMS-ESI-TOF (MeOH) for C3;H35NOg calculated,
564.2233 for [M—H] found, 564.2206.

44: Yield: 62%; M.P.:146-149 °C; 'H NMR (500 MHz, DMSO-ds):
§2.73(d, 2H, CHy, cyclopentanone ring proton, 3Jap = 5.5 Hz, 3Jac = 4.5
Hz), 3.03(d, 2H, CH,, benzylic proton, 3J., =5.5 Hz, 3J,c= 4.0 Hz),
3.05-3.20(bm, 1H, 3-CH), 3.83(s, 3H, OCH3), 6.96(d, 1H, CH, aromatic
proton, J = 8.5 Hz), 7.04(s, 1H, CH, aromatic proton), 7.35(d, 2H, 2 x
CH, phenyl ring proton, J = 8.0 Hz), 7.59(d, 2H, 2 x CH, phenyl ring
proton, J=8.0 Hz), 7.67(d, 1H, CH, aromatic proton, J=8.0 Hz), 9.01(s,
1H, —NH); 13¢ NMR (125 MHz, DMSO-dg): 6 31.61, 35.95, 47.90,
55.76,110.08, 115.59, 124.97,126.97, 128.94, 129.17,130.73, 143.17,
156.72, 164.18, 165.07, 204.93; ESI-MS (MeOH) for C;gH17NQy4; 312
[M + H] ", 334 [M + Na] ", 350 [M + K] '; Negative mode: 310 [M—H]".

45: Yield: 62%; light red amorphous solid; M.P.: 208-212 °C; H
NMR (500 MHz, CDCl3): 62.69-3.08(bm, 4H, 2 x CH,), 3.34-3.38(bm,
1H, 3-CH), 3.89(s, 3H, OCH3), 3.92(s, 3H, OCH3), 6.79(s, 1H, CH, aro-
matic proton), 7.17(s, 1H, CH, aromatic proton), 7.35(d, 2H, 2 x CH,
phenyl ring proton. J = 8.0 Hz), 7.73(d, 2H, 2 x CH, phenyl ring proton,
J=8.0 Hz); 13¢ NMR (125 MHz, CDCls): 628.34, 32.32, 48.69, 56.11,
56.23,104.42,107.41, 126.06, 126.98, 128.54, 131.42, 144.25, 148.83,
149.59, 155.77, 169.44, 206.07; ESI-MS (MeOH) for C;9H19NOs; 364
[M + Na]T; Negative mode: 340 [M—H];

48:Yield: 54%; oil; 'H NMR (500 MHz, CDCl3): §2.58-3.11(bm, 8H,
4 x CHy), 3.12-3.35(bm, 1H, 3-CH), 6.82(s, 1H, CH, aromatic proton),
6.90(d, 1H, CH, aromatic proton, J=8.5 Hz), 7.13(d, 2H, 2 x CH, phenyl
ring proton, J=8.0 Hz), 7.16(d, 2H, 2 x CH, phenyl ring proton, J=8.0
Hz), 7.71(d, 1H, CH, aromatic proton, J=8.5 Hz), 8.02(s, 1H, —NH); 3¢
NMR (125 MHz, CDCl3): §30.23, 31.92, 35.44, 36.83, 49.06, 55.61,
109.73, 115.39, 125.76, 128.39, 129.10, 129.80, 137.79, 138.21,
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156.66, 165.47,177.75, 206.14; HRMS-ESI-TOF (MeOH) for CooH21NO4
calculated, 338.1392 for [M—H]" found, 338.1405; ESI-MS (MeOH) for
Ca0H21NOy4; 339 [MT].

49: Yield: 52%; oil; H NMR (500 MHz, DMSO-dg): 62.54-2.99(bm,
8H, 4 x CHj), 3.01-3.11(bm, 1H, 3-CH), 3.83(s, 6H, 2 x OCH3), 7.06(s,
1H, CH, aromatic proton), 7.08(s, 1H, CH, aromatic proton), 7.11(d, 2H,
2 x CH, phenyl ring proton, J=8.0 Hz), 7.16(d, 2H, 2 x CH, phenyl ring
proton, J=8.0 Hz), 8.73(s, 1H, —NH); 13C NMR (125 MHz, DMSO-dg):
§30.43, 31.26, 33.83, 35.91, 48.26, 55.63, 55.92, 103.96, 108.26,
128.46, 128.86, 132.26, 137.25, 138.80, 148.84, 149.15, 155.32,
168.34, 205.49; HRMS-ESI-TOF (MeOH) for Cy;H23NOs calculated,
392.1473 for [M + Na] ™ found, 392.1476.

5.1.8. Synthesis of (E)-N-Hydroxy-3-(4-((Z)-(4,5,6-trimethoxy-1-o0xo-3-
(3,4, 5-trimethoxyphenyl)-1H-inden-2(3H)-ylidene) methyl) phenyl-prop-2-
enamide(10)

To a stirred solution of dry chloroform (10 mL), compound 9 (100
mg, 0.18 mmol), DMAP (30 mg, 0.24 mmol) and acetic anhydride (0.1
mL, 108 mg, 1.06 mmol) were added and further stirred at RT for 2 h. On
completion, reaction mixture was acidified with 5% HCI (10 mL) and
extracted with chloroform (15 mLx2). Combined organic layer was
washed with water (20 mLx2), dried over anhydrous sodium sulphate
and dried in vacuo. The residue was recrystallized from chloroform-
hexane to get acetylated derivative 10 as amorphous solid.

Yield: 99 mg (92%); M.P.: 93-96 °C; 'H NMR (500 MHz, CDCl3):
§2.23(s, 3H, CH3), 3.46(s, 3H, OCH3), 3.74(s, 6H, 2 x OCH3), 3.76(s, 3H,
OCHs), 3.92(s, 3H, OCHs), 3.94(s, 3H, OCH3), 5.31(s, 1H, 3-CH),
6.38-6.46(bd, 3H, —CH, 2 x CH, olefinic + aryl proton), 7.24(s, 1H,
CH, aromatic proton), 7.45(d, 2H, 2 x CH, J=8.0 Hz), 7.54(d, 2H, 2 x
CH, J=8.5 Hz), 7.67(s, 1H, —CH, benzylidene proton), 7.70(s, 1H,
olefinic CH); 13C NMR (125 MHz, CDCls): 523.44, 30.30, 31.94, 32.21,
33.84, 46.25, 51.85, 56.21, 56.32, 60.31, 60.91, 60.96, 101.45, 105.92,
114.08, 118.92, 125.03, 127.96, 131.55, 133.40, 135.24, 136.78,
140.88, 140.97, 143.71, 149.97, 153.05, 155.02, 167.19, 193.61;
Electrospray mass for C33H3sNOpo (CH3CN): Positive mode, 604[M +
H]", 626[M + Nal*, 642[M + K]™.

23: Yield: 58%; oil; 'H NMR (500 MHz, CDCl3):6 2.79(dd, 1H, CHa,
benzylic proton), 2.88 (dd, 1H, CHj, benzylic proton), 3.33(s, 3H,
OCHsy), 3.39(s, 3H, OCHj3), 3.57(s, 3H, OCH3), 3.74(s, 3H, OCH3), 3.79
(s, 3H, OCH3), 3.88(s, 3H, OCH3), 3.93(s, 3H, OCH3), 4.09-4.10(bm, 1H,
3-CH), 4.56(d, 1H, 3-CH), 5.82(s, 2H, 2 x CH, aryl proton), 7.29(d, 2 x
CH, phenyl ring proton, J=8.0 Hz), 7.86(s, 1H, CH, aromatic proton),
7.93(d, 2 x CH, phenyl ring proton, J=8.5 Hz); 13C NMR (125 MHz,
CDCl3): 652.07, 56.24, 56.26, 56.30, 59.30, 60.36, 60.97, 100.39,
104.04, 127.94, 128.62, 129.47, 131.40, 135.73, 136.56, 137.00,
139.57, 142.71, 144.70, 145.68, 148.81, 150.47, 153.10, 155.19,
167.00, 205.85; ESI-MS (MeOH): for C3oH3200¢; 537 [M + H]™, 559 [M
+K1%, 573 [M + K]

5.2. Biological evaluation

Detailed biological procedures are given
information.

in Supplementary

5.2.1. Antiproliferative activity by Sulphorhodamine assay

In vitro cytotoxicity SRB assay was performed as described previ-
ously.*® Doxorubicin, podophyllotoxin, tamoxifen and tubastatin A were
used as positive controls.

5.2.2. Cell cycle analysis

Cell cycle analysis was performed with MDA-MB-231 and K-562 cell
following the reported protocol.”” Doxorubicin was used as positive
controls.

5.2.3. Tubulin polymerisation assay
Tubulin Polymerization assay was performed using ‘assay kit-BK-
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006P° from Cytoskeleton, USA, as per Manufacturer’s protocol.*®
Paclitaxel was used as a standard stabilizer of tubulin polymerase and
podophyllotoxin (PDT) as standard inhibitor.

5.2.4. HDAC inhibition assay

The HDACs inhibitor activity of the compounds was evaluated by
using both the HeLa nuclear extract as source of class I/Il HDAC enzymes
and the human recombinant HDAC6 enzyme.*’

The HDAC activity of HeLa nuclear extract was assessed by using the
fluorometric HDAC Inhibitor Drug Screening Kit (BioVision, catalog
#K340-100) according to the procedures recommended by the manu-
facturer. Trichostatin A and Tubastatin A were used as positive controls.

5.2.5. Confocal microscopy imaging

Experiment was performed with HelLa cells, cells were stained
withAlexa Fluor® 488 mouse anti-p-tubulin (BD Pharmingen™). Images
were acquired through a 60 CFI Plan Apochromat Nikon objectives with
a Nikon C1 confocal microscope.

5.2.6. Molecular docking studies

(a) Interaction with p-tubulin and HDAC1 & HDAC6: The 3D crystal-
lographic structure of protein target p-tubulin, HDAC1 & HDAC6
complexed with ligands were retrieved from protein Data Bank
(PDB) (https://www.pdb.org). Molecular docking study were
done by using Autodock Vina v0.8 (Molecular Graphics Lab at
The Scripps Research Institute, La Jolla, CA 92037, USA).*°

(b) Prediction of physicochemical properties: The physicochemical
properties of compound 21 were assessed by using SwissADME
online software.! Highly selective HDAC6 clinical drug Tubas-
tatin A was used for comparison. Physicochemical properties,
‘Lipinski rule of 5/, Water solubility, Lipophilicity, Pharmacoki-
netics, Drug likeness, Pan-Assay Interference Compounds
(PAINS) and then bioavailability score.

5.2.7. In-vitro antiinflammatory activity

Antiinflammatory assay was assessed on Lipopolysaccharide (LPS)
induced primary macrophages cells as per our reported method.>” TNF-a
and IL-6 released in the cell culture supernatant were determined with
ELISA kits procured from BD Biosciences, USA.

5.2.8. Safety studies by acute oral toxicity

Safety evaluation was done as per reported method.>*> Compound 21
was given through oral route at four different single acute dose at 5 mg/
kg, 50 mg/kg, 300 mg/kg, and 1000 mg/kg to Swiss albino mice (n = 6).
The toxicity study and number of animals used were approved via
CIMAP/IAEC/2016-19/32 dated 09-02-2017 by the Institutional Ani-
mal Ethics Committee (IAEC) of CSIR-Central Institute of Medicinal and
Aromatic Plants, Lucknow, India.

5.2.9. Statistical analysis

All data have been expressed as mean + standard deviation (SD)
were calculated using MS-Excel. Statistical analysis of differences was
carried out by ANOVA. For acute oral toxicity data expressed in + SE,
Comparisons are made relative to the untreated controls. Differences
with a p value < 0.05 were considered significant.
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