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a b s t r a c t

Here we first time report an unprecedented and unnatural six-membered 1,5-oxaza spiroquinone
scaffold with structural novelty, a convenient and efficient synthetic route was developed for the syn-
thesis of new 1,5-oxaza spiroquinone derivatives (1a-1r) in high yields from readily available starting
materials. The logic of the present work consists of (1) the identification of a promising unprecedented
scaffold from privileged scaffolds of biological active molecules through our ‘Chemistry-oriented Syn-
thesis’ (ChOS) approach, a compensatory strategy for target-based drug discovery, (2) the positioning of
the identified 1,5-oxaza spiroquinone scaffold on neuroinflammation and neurodegenerative disease
through nitric oxide (NO) inhibitory activity without cytotoxicity in hyper-activated microglia (IC50 of NO
production: 0.07e1.82 mM) to establish structureeactivity relationship (SAR), (3) the investigation on the
possibility as a selective kinase inhibitor related to neurodegenerative diseases (eg. JNK1, CDK2, DAPK1)
through kinase full panel screening of the most potent compound 1n, and (4) the evaluation on in vivo
efficacy of the compound 1n through Y-maze test.
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1. Introduction

Nitric oxide (NO) is an unorthodoxmessenger molecule and free
radical produced by nitric oxide synthase. It has numerous mo-
lecular targets and plays an important role in several physiological
and pathological processes such as the regulation of neurotrans-
mission, neurovascular coupling to control neocortical blood flow,
mediation of immunoresponse, mediated cytotoxicity in microbes
and tumour cells, cellehost response, cell-to-cell communication,
insulin secretion, airway tone, peristalsis, and angiogenesis, as well
as in sexual function [1e9]. However, over-production of NO in
humans causes several diseases such as inflammation, rheumatoid
arthritis, asthma, chronic inflammation, inflammatory bowel dis-
ease, immune-type diabetes, thrombosis stroke, septic shock,
cancer, and infection susceptibilities. Over-production is also linked
to neurodegenerative disorders such as Parkinson's disease (PD),
multiple sclerosis (MS), and Alzheimer's disease (AD) [10e14].
Therefore, inhibition of NO represents an effective and attractive
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therapeutic strategy for the treatment of neurodegenerative
diseases.

Several classes of Nitic Oxide Synthase (NOS) inhibitors have
been reported in the literature [15e23]. Effective NOS inhibitors
have been evaluated in animals, but very few clinical trials have
been performed in humans [24,25]. However, NOS is an imperfect
target for CNS diseases. Because CNS diseases and their pathologies
are neither simple nor understood clearly, further understanding
the pathologies and continuous development of diverse thera-
peutic targets and diagnostic markers are essential for robust
clinical POC (proof of concept). In the last five decades, few novel
classes except for NOS have been reported for direct regulation of
NO levels and prevention of neurodegenerative disorders [5e7]. It
is challenging to develop new therapeutic points (novel targets)
and tool compounds for regulating targets with novel actions to
prevent NO overproduction and side effects [26e30]. Therefore, it is
important task to investigate new neuro protective small molecules
for treating and managing neurodegenerative diseases. For this
purpose, we used our modified ‘Chemistry-oriented Synthesis
(ChOS)’ approach in this study to identify a promising novel scaf-
fold from the privileged scaffolds of biologically active molecules
[31]. In particular, we designed for the first time a novel new six
membered 1,5-oxaza spiroquinone skeleton by the hybridisation of
Fig. 1. Some examples of spiro an
spiro and quinone as a structural subunits (Fig. 2). The designed
core skeleton and our developed strategy is helpful for the rapid
and efficient assembly of functionalities with diversification at N-5
and C-3, and on the quinonemoiety for synthesis of novel scaffolds.

Spiro moieties are an important class of natural products
[32e35] and spiro containing molecules exhibit a wide range of
biological activities and play important roles in the pharmaceutical
industry (Fig. 1) [36e41]. These molecules easily occupy greater
three-dimensional space than planar aromatic, hetero-aromatic
compounds, because of their structural novelty. Spiro containing
compounds can project functionality into three axes in space
because their unique shapes facilitate the occupation of binding
sites. Furthermore, spiro containing molecules have high water
solubilities, logP, and metabolic stabilities. All these special prop-
erties of spiro containingmolecules or a spiro frameworks has been
used as a privileged scaffolds in many drug synthesis projects.
Quinones and their derivatives are also widely distributed in nat-
ural products [42e46], play an important roles in biological pro-
cesses because of their applicability in redox processes. They have
also been used in a wide variety of clinical and industrial applica-
tions (Fig. 1) [47e53]. In drug discovery and development, the
development of new therapeutic agents extends the chemical space
for artificial drugs. Therefore, after carefully investigation of the
d quinone containing drugs.



Fig. 2. Proposed, designed a new core of sex membered 1,5 oxaza spiroquinone
skeleton (1)
A, B, C¼ easily accessible positions with different diversification at N-5, C-3 and on
Quinone.
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importance of spiro and quinone basic structures, we combined the
attractive features of these two structural subunits to design a new
core of six-membered 1,5-oxaza spiroquinone skeleton. (Fig. 2). The
introduction of spiro and quinone structures as a core skeleton is a
novel patentable strategy. As per our knowledge, the designed core
has not been reported for the biological evaluation of neuro-
protective small molecules. Our group has been involved in the
synthesis and biological evaluation of small molecule inhibitors
that would help treat and manage CNS diseases [54e59].
Continuing our study inmedicinal chemistry, the aim of the present
work is to investigate the utility of the proposed unprecedented
1,5-oxaza spiroquinone via diversification at C-3 position with a
racemic version, by retaining aryl compound at the N-5 position
and unsubstituted quinone.

In this study, we synthesised a series of 1,5-oxaza spiroquinone
derivatives with diversification at the C-3 position and all syn-
thesised derivatives were investigated NO inhibition BV-2 cell lines
and their cytotoxicities were also estimated by using 3-(4, 5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay. SAR studies were developed for synthesised analogues.
Further, full panel kinase screening, molecular docking studies and
in vivo level Y-maze test was perfumed with potent compound.
Scheme 1. Retrosynthetic analysis of six mem

Scheme 2. Reagents and conditions: (a) MOM-Br, NaH, dry THF 0oC-rt, 4 h, 92%; (b) anilin
oxopropanoic acid (6), EDCI, DMAP, 0oC-rt, 6 h, 78%.
2. Results and discussion

2.1. Chemical synthesis

2.1.1. Retrosynthetic analysis
Our synthetic approach to six-membered 1,5-oxaza spi-

roquinone involves PIFA-mediated cyclisation (Scheme 1). Cleavage
of the CeO bond revealed 2 as a potential key intermediate. The Key
fragment 2 was obtained by Phase-transfer catalysed (PTC) alkyl-
ation, followed by sequential reactions of reduction and MOM
deprotection of common amide fragment 4; for all derivatives, 4
was obtained by amide coupling of 3-methoxy-3-oxopropanoic
acid (6) with the 2� amine compound (5). Amine compound (5)
was in turn accessed by using MOM-protected 3-bromo-phenol
compound (7) with aniline (8) through a Pd-mediated Buchwald-
Hartwig coupling reaction. Our present synthesis of the six-
membered 1,5-oxaza spiroquinone scaffold (1) involves Pd-
mediated Buchwald-Hartwig coupling, PTC alkylation, and PIFA-
mediated oxidative cyclisation as key reactions. Furthermore, the
simplicity of the precursors of this route makes it an attractive
method for the library synthesis of six-membered 1,5-oxaza spi-
roquinones with diversification at C-3 and N-5, as well as on the
quinone moiety for complete utilisation of the proposed new core
and for their biological screening as novel neuroprotective agents
for the treatment of neurodegenerative diseases.

2.1.2. Synthesis of common amide fragment (4) for the synthesis of
all derivatives

To synthesise common amide fragment (4), we have chosen
inexpensive, commercially available 4-bromophenol (9) as the
starting material. As mentioned in Scheme 2, the phenolic group in
4-bromophenol (9) was protected in the form of MOM ether
[60e63] using MOM-Br and NaH in dry THF. Then, it was subjected
to Pd-mediated Buchwald-Hartwig reaction [64e68] with aniline
(8) to give the coupled compound 5 in 92% yield. To obtain common
amide fragment (4) for the synthesis of all derivatives, 5 was
bered 1,5 oxaza spiroquinone moiety (1).

e (8) Pd2 (dba)3, BINAP, NaOtBu, anhydrous toluene, rt- 100 �C, 94%; (c) 3-methoxy-3-



Scheme 3. Reagents and conditions: (a) 50% KOH, TBAI, X-R (different halides), toluene, �10oC-rt, 1 h; (b) LiAl(OtBu)3H, dry THF, �15 �C- rt, 4 h; (In case of unsubstituted compound
NaBH4, dry THF,0oC-rt was used) (c) TMSCl, NaI, ACN, DCM (1:1), 0oC-rt, 1 h; (d) BF3$Et2O, DMS, 0 �C �15 �C, 10e20min.
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subjected to the EDCI/DMAP-mediated amide coupling reaction
with 3-methoxy-3-oxopropanoic acid (6) in dry DCM to afford
common amide fragment 4 [69,70] in 86% yield.
Table 1
Optimization of reaction conditions for PIFA mediated cyclisation of six membered
1,5 oxaza spiroquinones.

Entry Reagent Base Solvent Temperature Time Yield f

1 PIFAa K2CO3 TFEb �10 �C e 0 �C 6 h 20%
2 PIFA K2CO3 HFIPc �10 �C e 0 �C 5 h 35%
3 PIFA K2CO3 MeCNd 0oC - rt 3e4 h Upto 91
4 PIFA K2CO3 DCMe 0 �C - rt 5e6 h 45%

a [Bis (trifluoroacetoxy) iodo] benzene (PIFA).
b 2, 2, 2-trifluoroethanol (TFE).
c Hexafluoroisopropyl alcohol (HFIP).
d Acetonitrile (MeCN).
e Dichloromethane (DCM).
f Isolated yield.

Table 2
Synthetic derivatives of six membered 1,5oxaza spiroquinone novel scaffolds (1a-r).

Entry R-group Time (hr) %yield

1 Unsubstituted (H) 3.5 86

2 4 85

3 3.5 82

4 4 80

5 3.5 83

6 4 80

7 3.8 78

8 3.7 76

9 3 91
2.1.3. Synthesis of key fragments (2a-r)
The common amide fragment (4) was in our hand, our next

target was the synthesis of diversity-oriented key fragments (2a-r),
as illustrated in Scheme 3. Initially, phase-transfer-catalysed (PTC)
mono-a-alkylation of compound 4 with aliphatic, aromatic, and
substituted aromatic alkyl halides in the presence of TBAI and 50%
aqueous KOH in toluene at �10 �C afforded mono-a-alkylated ester
(10b-r) [71e73]. To understand the effect of substitution at C-3
position with aliphatic, aromatic, and substituted aromatic alkyl
moieties during biological screening, we prepared scaffold 1a
without substitution. Selective reduction [74e76] of the ester
moiety in 10a-rwith Li(OtBu)3H in dry THF at �15 �C gave selective
mono-reduced compounds (11a-r) with good yields. To prepare
unsubstituted compound (1a), 4was subjected to NaBH4 reduction
[77e80] in dry THF to afford 11a in 78% yield. At this stage, we
planned the deprotection of the aromatic MOM group with
generalised conditions NaI, TMSCl [81e83] in DCM: ACN (1:1). The
reactions progressed smoothly without problems for
Entry R-group Time (hr) % yield

10 3.2 74

11 4 75

12 4 66

13 3.9 70

14 3.6 78

15 3.2 82

16 4 64

17 3.7 68

18 3.9 72



Scheme 4. Reagents and conditions: (a) PIFA, anhydrous K2CO3, dry ACN, 0oC- 25 �C,
4 h, upto 91%.
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unsubstituted, aromatic, and substituted aromatic compounds
(11a-b and 11f-r), and products (2a-b and 2f-r) were obtained in
good yields. Under these conditions, 11c-e produced the required
MOM deprotected products (2c-e) in low yields, and unwanted by-
products were observed. To overcome this problem, we used
BF3$Et2O and DMS conditions [84,85] at 0 �C and �15 �C instead of
NaI and TMSCl. With the changed reaction conditions, the required
products (2c-e) were obtained in good yields.

2.1.4. Synthesis of final oxaza scaffolds (1a-1r)
The key fragments were obtained and the synthesis of six-

membered 1,5-oxaza spirocyclic scaffolds (1a-1r) was planned
(see Table 2, Scheme 4). We first attempted MOM deprotection of
key fragments (2a-r) for PIFA-mediated oxidative cyclisation
transformation [86e93] and cyclised compounds were obtained in
good yields (see Table 2). We also optimised the reaction conditions
for the cyclisation reaction. (see Table 1), key fragment 2jwas used
as the model substrate for optimization of condition, entry 3 in
Table 1 was optimised conditions for the cyclisation of the six-
membered 1,5-oxaza spirocyclic scaffolds (1a-1r).

2.2. Biological activity

2.2.1. Lipopolysaccharide (LPS)-induced NO production and
structure-activity relationships

We investigated whether the synthesised six-membered 1,5-
oxaza spiroquinone derivatives (1a-r) regulate inflammatory
response in BV-2 cells. For this, we attempted to evaluate their anti-
inflammatory activities, especially focused on the inhibitory effect
of NO production in lipopolysaccharide (LPS)-induced BV-2 cell
lines [94] as an initial screening study. NO production was
measured based on the accumulation of nitrite using the standard
Griess method and cell viability was measured using 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)-
assay on the same cell lines [95]. The screened assay results are
summarised in Table 3 (see Fig. 3).

After carefully analysing the obtained results, we established the
SAR of the synthesised 1,5-oxaza spiroquinone derivatives (1a-r).
All the synthesised derivatives showed moderate to potent NO
inhibitory effect with low cytotoxicity. Higher inhibitory activity
was observed with compound 1n with IC50 value of 0.07 mM and
cell viability rate of 92%. Compounds 1d,1f,1g,1h,1i,1l, and 1q also
showed potent NO inhibitory effects with low cytotoxic effects. The
rest of the compounds also showed moderate NO inhibition effects
with moderate cytotoxic effects.

Based on the results, we concluded that substitution at the a
position to keto (C-3 position) was mandatory for activity. This
observation was confirmed from the unsubstituted compound 1a.
Among all derivatives, the unsubstituted analogue 1a showed low
NO inhibitory effect (expect compounds 1k and 1o). Allyl
substituted compounds (1c-e) showed higher efficiency than alkyl
substituted compound 1b. The aromatic substituted compounds
played remarkable roles in NO inhibition, it was concluded based
on the result obtained from compound 1n. Analogues 1b-d had
methyl, ally and isobutylene groups at the a position to keto.
Among the three analogues, compound 1d showed a significant
effect NO inhibition with IC50 value of 0.45 mM, increase in the
carbon chain length of 1b-d gradually enhanced the activity of
compounds. Among the two structural isomers as a substitution at
C-3 position in compound 1d and 1e, isobutylene substituted
compound 1d was remarkably active against NO production.
Among compounds 1f-1r, substitution on the aromatic ring played
an important role for potent activity. Halogen substitution (F, Cl,
and Br) on the aromatic ring showed better NO inhibition than
unsubstituted aromatic compound 1f. Among the halogen-
containing compounds, the Cl-containing analogue showed the
best activity. Our SAR studies suggested that moderately electro-
negative atoms played important roles in the activity. A comparison
of Br substitution at the meta and para positions, the meta-
substituted compound (1i) was 50% more potent than the para-
substituted compound (1j). Strong electron-withdrawing groups
at the para-position showed more potency for NO inhibition than
weak electron-withdrawing groups, as confirmed by the activities
of 1k and 1l, and the inhibitory effects were 1.65 and 0.43 mM
respectively. The compound having sulfone moiety 1m showed a
moderate effect with an inhibition value of 0.98 mM.

Interesting results were observed for compounds 1n and 1o.
Compound 1n had CF3 groups at positions meta to each other, and
compound 1o had two methyl groups at positions meta to each
other, with inhibition rates 0.07 and 1.83 mM respectively. This
might be because of the electron-withdrawing nature of the CF3
groups meta to each other. The combination of two electron-
withdrawing groups (NO2 and CF3) at ortho and para positions
displayed moderate effects with an NO inhibition value of 1.97 mM.
Analogues 1q and 1r contained both CF3 and halogen atoms (F, Cl).
In 1q, the CF3 and F groups were ortho to each other. In 1r, the CF3
and Cl groups were para to each other and showed more potency
than that of the mono-substituted CF3 group at the para position in
1kwith inhibitory effect values of 1.55 mMand 1.74 mM respectively.
2.2.2. Analyse the SAR studies
Based on the above observations, the following SAR results can

be summarised:

i. For activity, substitution at the a position to keto is
mandatory.

ii. Aromatic group at the a position to keto had a remarkable
effect on the activity, except in 1d.

iii. Electron-withdrawing groups on the aromatic ring showed
potent activity.

iv. Among the halogen atoms on the aromatic ring, Cl showed
the highest potent activity.

Based on the above observations, we concluded that most of the
synthesised derivatives showed moderate to potency activity for
NO inhibition in the tested BV-2 cell lines. Almost all the syn-
thesised compounds had low to moderate cytotoxicity. Among all
the tested derivatives,1nwas observedmost active compoundwith
very low cytotoxicity. In addition, the cytotoxicity of all synthesised
analogues in normal BV-2 cell lines were also tested, the results was
summarised in Table 3 and Fig. 3. After carefully analysis of the
obtained results, all analogues are exhibited very less to moderated
cytotoxicity in normal BV-2 cell lines.



Table 3
Nitric oxide inhibition IC50 values and cell viability of synthesised derivaties (1a-r) in LPS induced BV-2 cells.a

Compound No: R-group NO inhibition IC50 valuesb (mM) LPS induced cell survival rate (%) Normal cell survival rate (%)

1a Unsubstituted (H) 1.30± 0.41 79.75± 3.68 101.72± 8.79
1b 1.22± 0.29 72.80± 9.59 86.088± 3.85

1c 1.03± 0.03 84.56± 4.84 89.68± 3.29

1d 0.45± 0.00 80.07± 0.22 91.39± 5.90

1e 0.73± 0.00 80.39± 3.65 88.99± 8.38

1f 0.57± 0.00 76.12± 0.30 82.06± 4.78

1g 0.40± 0.04 85.25± 12.42 82.86± 2.33

1h 0.54± 0.02 78.99± 2.61 91.05± 5.18

1i 0.54± 0.00 73.96± 7.09 96.02± 10.63

1j 1.38± 0.33 72.01± 3.47 82.71± 3.92

1k 1.65± 0.64 84.13± 6.71 87.13± 1.16

1l 0.43± 0.08 82.70± 10.27 95.55± 4.79

1m 0.98± 0.03 84.31± 2.94 97.51± 8.86

1n 0.07± 0.01 92.13± 13.37 85.43± 2.51

1� 1.82± 0.23 78.01± 1.99 94.21± 0.71

1p 0.97± 0.13 80.43± 1.73 84.50± 1.70

1q 0.60± 0.05 71.14± 4.42 84.42± 8.51

1r 0.77± 0.02 64.44± 0.08 70.49± 0.68

N-NMMAc 16.05± 0.07 60.54± 1.82 e

a Cell lines were treated different concentration of compounds for 24 h. Cell viability was measured by MTT assay as described in the experimental section.
b IC50 values are indicated as the mean± SD of three independent experiments.
c N-Methylarginine used as a positive control.
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2.3. Physiochemical and DMPK parameters prediction for
compound (1a-1n)

Our continuation efforts in CHOS strategy and studies [31] for
development of novel lead compounds to Neurodegenerative dis-
eases, various drug like properties such as chemical and physical
properties of synthesised derivaties (1a-1r) was studied with Qik-
Prop. As considering the designed new skeleton [Fig. 2] and syn-
thesised derivaties (1a-1r) as a CNS druggable scaffolds, drug
properties were predicted frommulti conformers of all synthesised
derivaties. The prediction showed solubility, polar surface area, BBB
penetration, HERG inhibition, cell permeability, Human oral



Fig. 3. (A) NO Inhibitory effect of compounds 1a-r at the concentration of 0.01, 0.1, 1 mM in LPS-stimulated BV-2 cells. BV-2 cells were treated with 100 ng/mL of LPS for 30 min and
then treated with compounds for 24 h. All the data are presented as the mean ± SEM of three independent experiments. *p < 0.01, ***p < 0.001 vs. LPS control. (B) Cell survival rate
after treating compounds 1a-r at the concentration of 0.01, 0.1, 1 mM in LPS-stimulated BV-2 cells. (C) Cell survival rate after treating compounds 1a-r at the concentration of 0.01, 0.1,
1 mM in BV-2 cells.
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absorption, permeability (Caco-2 & MDCK), and CNS activity. The
analysed results were summarised in Table 4. In addition, CYP
metabolism of all compounds (1a-1r) was predicted, results were
summarised in Supplementary information (see Tables 1 and 2).
After carefully analysing the obtained result, all the synthesised
derivaties (1a-1r) were within the standard values and it is also
important to note that the potent compound 1nwas satisfied every
standard range.
2.4. Kinase panel screening of compound 1n

After primary screening of the synthesised derivatives against
LPS-induced NO inhibition in BV-2 cell lines, and based on the in-
hibition rates and cell viabilities of compounds, we selected our
potent compound 1n for further studies. We considered the kinase
assay is use full to further investigation of our potent compound 1n
in evaluation of its neuroprotective effect. Protein kinases helpful in
Phosphorylation, abnormal phosphorylation by kinases in cells, as a
result major diseases including cancer, diabetic and chronic
inflammation. For that reason protein kinases are occupied second
most for drug target.

We screened compound 1n for 369 wild type kinases [97e99]
through a single dose duplicate assay at 30 mM (Reaction Biology
Corporation, USA). To visualise the kinase inhibitory spectrum of
compound 1n, a kinome dendrogram was prepared (Fig. 4). The
specificity of compound 1nwas represented in a dendrogram view
of the human kinome phylogenetic tree. In the kinome dendro-
gram, the inhibitory activity was classified as high, medium, low,
and no compound affinity for kinase activity (with respect to DMSO
control) of <50%, 50e60%, 60e75%, and >75%, respectively. The %
enzyme activity (relative to DMSO control) of chosen kinases (cut
off: >73%) is presented in Table 5.



Table 4
Physiochemical and DMPK parameters prediction for compound (1a-1r) QikProp**.

No. No.of
Conf.

PSA log Sa log BBb CNS activityc log HERGd Apparent Caco-2
permeability (nm/s)

Apparent MDCK
permeability (nm/s)

% Human Oral Absorption in GI
(±-20%)

1a 234 64.98± 0.07 �2.08±
0.06

�0.24±
0.02

0.0± 0.0 �4.39±
0.08

1151.21 ± 31.11 576.06± 16.83 88.94± 0.13

1b 28 62.58± 1.14 �2.48±
0.08

�0.18±
0.02

0.0± 0.0 �4.56±
0.11

1440.90 ± 103.35 734.36± 57.10 93.95± 0.63

1c 112 61.19± 1.98 �3.04±
0.12

�0.28±
0.06

0.0± 0.0 �5.03±
0.14

1624.08 ± 235.51 836.33± 131.32 99.89± 0.59

1d 76 60.56± 2.32 �3.40±
0.19

�0.27±
0.07

0.0± 0.0 �5.03±
0.18

1698.90 ± 272.32 878.23± 152.35 100.0± 0.0

1e 206 60.98± 2.12 �3.41±
0.21

�0.37±
0.06

0.0± 0.0 �5.24±
0.22

1589.05 ± 213.30 816.75± 118.77 100.0± 0.0

1f 92 59.75± 2.69 �4.16±
0.21

�0.30±
0.09

0.0± 0.0 �6.03±
0.24

1734.30 ± 339.99 898.49± 191.11 100.0± 0.0

1g 92 59.75± 2.69 �4.53±
0.20

�0.19±
0.09

0.04± 0.20 �5.92±
0.23

1728.05 ± 335.44 1611.22 ± 339.45 100.0± 0.0

1h 92 59.75± 2.69 �4.93±
0.20

�0.14±
0.09

0.04± 0.20 �5.98±
0.22

1728.74 ± 335.40 2207.66 ± 464.85 100.0± 0.0

1i 188 59.79± 2.67 �5.02±
0.23

�0.13±
0.09

0.04± 0.20 �6.00±
0.24

1729.42 ± 333.80 2335.95 ± 484.07 100.0± 0.0

1j 8 59.75± 2.69 �5.05±
0.20

�0.13±
0.09

0.04± 0.20 �6.01±
0.22

1729.75 ± 336.51 2371.64 ± 500.72 100.0± 0.0

1k 92 59.72± 2.62 �5.69±
0.21

�0.05±
0.09

0.34± 0.48 �6.07±
0.21

1732.06 ± 323.09 4015.15 ± 811.36 100.0± 0.0

1l 100 104.52± 2.58 �4.19±
0.20

�1.31±
0.10

�2.00± 0.00 �6.00±
0.21

207.00± 37.71 90.28± 17.85 84.15± 1.44

1m 104 93.27± 2.90 �4.58±
0.46

�1.06±
0.11

�1.72± 0.45 �7.15±
0.43

571.94± 136.47 272.83± 70.13 97.86± 2.73

1n 536 59.73± 2.59 �7.10±
0.31

0.20±
0.09

1.02± 0.12 �6.03±
0.26

1728.20 ± 343.13 10000.0 ± 0.0 100.0± 0.0

1o 128 59.74± 2.68 �5.31±
0.26

�0.34±
010

0.0± 0.0 �5.88±
0.26

1750.60 ± 352.45 907.68± 198.42 100.0± 0.0

1p 96 103.73± 3.05 �5.57±
0.21

�0.87±
0.12

�1.13± 0.51 �6.01±
0.18

326.48± 82.53 663.07± 181.74 94.78± 2.74

1q 160 59.74± 2.94 �5.62±
0.38

�0.03±
0.08

0.26± 0.44 �6.03±
0.25

1708.09 ± 311.92 4282.09 ± 1167.17 100.0± 0.0

1r 106 60.23± 2.26 �6.15±
0.30

0.07±
0.08

0.80± 0.40 �5.96±
0.27

1736.78 ± 304.49 7278.47 ± 1411.76 100.0± 0.0

Standard 0 (-6.5/
0.5)

(-3.0/
1.2)

�2 inactive; þ2
active

(concern
below �5)

(<25 poor,
>500 great)

(<25 poor,
>500 great)

Note: **For 95% of known drugs based on Schr€odinger, USA-Qikprop v3.2 (2015) software results. Every values were calculated from Qikprop.
a log S: log [Conformation-independent predicted aqueous solubility].
b log BB: log [predicted brain/blood partition coefficient].
c CNS activity Ajay et al. [96].
d log HERG: log [predicted IC50 value for blockage of HERG K± channels].
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Among full panel of tested 369 kinases, the compound 1n
showed good selectivity and inhibition towards c-Jun NH2-
terminal kinase1 (JNK1). It was reported that alteration in JNKs
signalling pathway [100e102] has been shown to be critical in the
development of neuronal cytotoxicity. Moreover the JNKs as good
therapeutic target for neurodegenerative diseases. Interestingly,
our full panel kinase screening with potent compound 1n also
showed inhibitory activity and selectivity towards JNK1.

Massive production of nitric oxide (NO) can exert its cytotoxic
effects, this effect due to formation of highly reactive free radical
peroxynitrite, which damages DNA, proteins, and lipids by oxida-
tion, as a results alters in signal transduction pathways, which leads
to neuronal toxicity. In particular, NO can stimulate the activity of
transcription factors including c-Jun, a substrate of JNK. Interest-
ingly, JNK can activate c-Jun through phosphorylation [103] on Ser-
63 and Ser-73. JNK inhibition of the compound 1n could be block
the phosphorylation of c-Jun and repress the activity of c-Jun.

The compound 1n showed excellent NO Inhibition activity in
LPS-induced BV-2 cell lines with IC50 value 0.07 mM and in full
panel kinase screening also the selectivity and inhibition towards
JNK1 with 36% inhibition value, with these observed results we
strongly believe that our potent compound 1n could act as neu-
roprotective agent in neurodegenerative diseases.
2.5. Molecular docking studies

Among the tested kinases, compound 1n revealed best potency
and selectivity towards JNK1. To further elucidate the inhibitory
activity at the atomic level, a docking simulation of compound 1n
was conducted. Among the 34 PDBs (Protein Data Bank) of JNK1,
4E73 was chosen as the best docking model based on the method
described in the supplementary information. The best pose of
compound 1n presented a hydrogen bonding interaction between
the carbonyl group of the oxaza ring and Met111, a hinge residue
(Fig. 5). In spite of weak H-bonding with NeH in Met111 (length:
3.24 Ao, angle of H-bond donor: 123.9�), the docking pose of
compound 1n was overlaid with poses of other ligands of JNK1 so
that it could occupy the region surrounding the hydrophobic resi-
dues (Ile32, Ala53, Val40, Ile86, Met108, Leu110, Met111, Ala113,
Val158, and Leu168). The gate-keeper residueMet108 and sterically
hindered residues did not permit the phenyl ring of compound 1n
to have pi-cation interaction with Lys55.

2.6. Animal studies

To confirm the effect of compound 1n on short-term working
memory dysfunction in scopolamine-induced mice [104e106], the



Fig. 4. The selectivity of compound 1n is represented in a dendrogram.

Table 5
The % enzyme Activity Inhibition effect of compound 1n on Kinases.a,b

Kinase: % Enzyme Activity (relative to
DMSO controls)

Control Compound IC50(M): Control Compound:

data1 data2

JNK1 36.03 35.58 5.70E-07 Staurosporine
CDK2/cyclin O 43.80 42.33 1.46E-09 Staurosporine
DAPK1 45.43 45.32 1.31E-08 Staurosporine
PKCa 46.47 44.81 4.74E-10 Staurosporine
CDK1/cyclin B 46.54 45.38 2.16E-09 Staurosporine
MST3/STK24 58.19 57.62 3.34E-09 Staurosporine
TLK1 58.62 57.28 3.04E-08 Staurosporine
JNK2 58.79 57.84 1.85E-06 Staurosporine
RIPK5 59.94 58.59 6.90E-08 Staurosporine
CDK3/cyclin E 60.20 58.48 2.08E-09 Staurosporine
PKN2/PRK2 64.75 62.16 1.97E-09 Staurosporine
Haspin 66.80 66.06 1.90E-08 Staurosporine
STK25/YSK1 66.95 66.88 1.90E-09 Staurosporine
ARK5/NUAK1 70.84 70.70 1.31E-09 Staurosporine
PKCb2 71.17 67.73 1.44E-09 Staurosporine
JNK3 73.42 70.58 7.70E-07 JNKi VIII

a 369 kinases (Reaction Biology Corp) were screened and assay method described in the experimental section.
b The presented kinases data was only upto 70% cut-off among the 369 kinases data.
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Y-maze test was used to measure spontaneous alteration Fig. 6.
Spontaneous alternation was significantly lowered in the normal
group relative to the scopolamine treated group, and this reduced
alternation was significantly increased by treatment with com-
pound 1n (10mg/kg) and donepezil (5mg/kg) (normal: 70.34%,
control: 45.14%, donepezil: 62.30%, compound 1n: 59.62%). More-
over, all the entries were not significant between the experimental
groups. As a result, compound 1n could prevent spatial short-term
memory deficits induced by scopolamine.

3. Discussion

In this study, we developed new skeleton with easily assemble
with diversification at different position (i. e. C-3, N-5 and on
quinone ring) for rational drug design to neurodegenerative dis-
eases with small molecules. We intended to elicit the targets for
synthesised potent analogues, we followed deconvolution strategy
[107,108], in which rational design of scaffold, SAR studies carried
out with chemical optimization and target specific assays. In this
regard, all synthesised derivaties (1n-1r) were screened Inhibitory
effect of NO production in LPS-induced BV-2 cell lines and
Structureeactivity relationship (SAR) was developed for all syn-
thesised analogues. The analogue 1n found as more potent with
IC50 value was 0.07 mM among synthesised derivaties. In addition
we conducted full panel kinase screening of potent compound 1n, it
showed selectivity and inhibition towards neuroinflammation-



Fig. 5. A plausible binding pose of the compound 1n to JNK1 (DFG-in).

Fig. 6. Effect of compound 1n on scopolamine-induced memory impairment in ICR mice on the Y-maze. Mice was orally administered donepezil (5mg/kg) and compound 1n
(10mg/kg), 60min before the test. 30min later, the mice were intraperitoneally treated with scopolamine at a concentration of 1mg/kg of mice weight (A). The number of arm
entries; (B) 8-min session was measured; (C) Schematic representation of Y-maze test. The data was represented as mean ± SEM (n¼ 8 per group) compared with the scopolamine
treated group. The differences among the multiple groups were considered significant p< 0.05, p < 0.01, and p < 0.001.
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related kinases JNK1, molecular docking studies were conducted.
Finally in vivo experiments were also conducted on scopolamine-
induced mice. Further extension of work with proposed skeleton
is in progress to complete utilisation of designed skeleton for
neurodegenerative diseases.

4. Conclusions

In summary, the unnatural and unprecedented new skeleton of
1, 5-oxaza spiroquinone have been developed and successfully
achieved in a concise manner by utilising the Pd-mediated Buch-
wald-Hartwig, PTC reaction, and PIFA-mediated cyclisation as key
reactions to produce 18 final compounds with diversification at C-3
with good yields (up to 91%). Most of compounds were showed
good inhibitory effects on NO production in LPS-induced BV-2 cell
lines. Furthermore compound 1n was found as potent with IC50
value 0.07 mM. The most potent compound 1n was further inves-
tigated for full panel kinase screening, and it showed selectivity and
inhibition towards neuroinflammation-related kinases JNK1 and
other kinases. Molecular docking of the compound on JNK1 pro-
vided atomic-level insight of compound 1n as a kinase inhibitor
and we also studied in vivo effect of 1n on scopolamine-induced
memory impairment. All these studies suggest that the new skel-
eton of 1, 5-oxaza spiroquinone could serve as protective thera-
peutics in neurodegenerative diseases and have significant value
for future research. The future plan with proposed new skeleton of
1, 5-oxaza spiroquinone is, 1. Further diversification and the syn-
thesis of the new scaffolds (e.g., C-3 and N-5 positions and on
quinone moieties) with another moieties and evaluation of their
neuroprotective activity for complete utilisation of proposed new1,
5-oxaza spiroquinone skeleton. 2. Finding the primary target
identification studies of the potent compounds by comparing the
various activities for neurodegenerative diseases, the poly-
pharmacological profile of the scaffolds.

5. Experimental section

5.1. General chemistry

All of the reagents and solvents were reagent commercial grade
and used without further purification unless specified otherwise.
Tetrahydrofuran (THF) was freshly distilled from sodium benzo-
phenone ketyl, dichloromethane, acetonitrile were distilled from
CaH2. For all moisture sensitive reactions, the glassware was dried
in oven (>110 �C) or flame dried prior to use. K2CO3 was used in
powered form and dried in desiccator. All reactions were per-
formed under an atmosphere nitrogen, stirred magnetically with
magnetic bar and reactions were monitored by analytical thin layer
chromatography (TLC). Analytical thin layer chromatography (TLC)
was performed on precoated silica gel 60 F254 plates. The TLC spots
were visualized by UV light at 254 nm, Ninhydrine, PMA, solutions
were used, for visualization the TLC was heating with a heat gun.
Flash column chromatography was undertaken on silica gel
(230e400 mesh). 1H and 13C NMR spectra were recorded on
Brucker 600MHz and chemical shifts were quoted in parts per
million (ppm) and calibrated to the residual proton and carbon
resonance of the solvent: for CDCl3 dH 7.25, dC 77.0; for MeOD dH
3.31, dC 49.15; The NMR data was reported as follows: s¼ singlet,
d¼ doublet, t¼ triplet, q¼ quartet, m¼multiplet, dd¼ doublet of
doublet, ddd¼ doublet of doublet of doublet, br¼ broad signal. J,
were reported in hertz unit (Hz). 13C NMR was recorded on Brucker
600MHz, and was fully decoupled by broad band proton decou-
pling. Mass spectral data were obtained under the condition of
Agilent LC/Q-TOP by using ESI positive method. UVeVisible data of
compounds were measured with Bruker, Tensor27 series, for
Melting points of solid compounds Optimelt, MPA100 series in-
struments were used.

5.2. Synthetic procedure and characterization of compounds

5.2.1. Bromo-4-(methoxymethoxy) benzene (7)
To suspension of sodium hydride (0.887 g, 23.12mmol, 60%
dispersion in paraffin oil) in dry THF (30mL) at 0 �C was slowly
added a solution of 4-bromophenol (9) (4.0 g, 60.78mmol) in dry
THF (20mL) under nitrogen atmosphere and mixture was allowed
to stir for 30min at which point the hydrogen gas evolution had
stopped. The resultant mixture was cooled to 0 �C and, bromo-
methyl methyl ether (27.74mL, 66.87mmol) was added dropwise
and stirred for an additional 4 h at rt. After completion of reaction,
the reaction mixture was quenched with Ice-cold water and extract
with Ethyl acetate and the organic layer was washed with brine and
dried over Na2SO4. The solvent was removed under reduced pres-
sure, and the crude product was subjected to flash column chro-
matography (5% ethyl acetate-hexane) to give compound 7 (4.61 gr,
92%) as colour less oil; IR (neat): 2956, 2902, 2826,1590,1487,1233,
1152, 997, 824 cm�1; 1H NMR (600MHz, CDCl3) d 7.38 (d, J¼ 9.0 Hz,
1H), 6.93 (d, J¼ 9.0 Hz, 1H), 5.14 (s, 1H), 3.47 (s, 2H); 13C NMR
(150MHz, CDCl3) d 156.13, 132.12 (2 C), 117.88 (2 C), 114.01, 94.30,
55.85 ppm; ESI-MS: m/z¼ 217 [M]þ.

5.2.2. 4-(Methoxymethoxy)eN-phenyl aniline (5)
The oven dried resalable schlenk tube was charged with
required amounts of Pd2(dba)3 (0.949 g, 1.03mmol), BINAP
(3.873 g, 6.22mmol), NaOtBu (2.849 g, 9.61mmol) then add
degassed anhydrous Toluene (40mL), degas through pumping
Argon, then add Aniline (8) (2.26mL, 24.88mmol) and compound 7
(4.5 gr, 20.73mmol) the schlenk tube was capped with a septum
and then evacuated and back filled with Argon, the resulting
mixture stirred for 5e10min at rt. The septumwas replaced with a
Teflon screwcap. The schlenk tube was sealed and the mixture was
stirred at 80e100 for 12 h, monitored with TLC, after completion of
compound 7 the reaction mixturewas cooled to room temperature,
diluted with DCM (50mL), filtered through celite. Filtrate was
washed with brine then concentrated under reduced pressure and
the crude product was purified by column chromatography (10%
ethyl acetate-hexane) to give compound 5 (5.828 g, 94%) as light
brown liquid; IR (neat): 2962, 2954, 2900, 2818, 1597, 1511, 1304,
1149, 1077, 1015, 744 cm�1; 1H NMR (600MHz, CDCl3) d 7.28e7.24
(m, 3H), 7.08 (t, J¼ 9.0 Hz, 1H), 7.02e6.98 (m, 2H), 6.92 (dd, J¼ 10.6,
4.1 Hz, 1H), 6.87 (dd, J¼ 12.7, 2.7 Hz, 1H), 6.74 (ddd, J¼ 8.8, 2.6,
1.4 Hz, 1H), 5.62e5.85 (bs, 1H), 5.14 (s, 2H), 3.54 (s, 3H); 13C NMR
(150MHz, CDCl3) d 154.57, 152.95, 142.99, 138.64, 129.24, 120.88,
119.84, 117.24, 114.05, 114.03, 106.86, 106.72, 96.45, 56.15 ppm; ESI-
MS: m/z¼ 229 [M]þ.
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5.2.3. Methyl 3-((4-(methoxymethoxy) phenyl) (phenyl) amino)-3-
oxopropanoate (4)

To a stirred solution of Methyl hydrogen malonate (6) (2.91mL,
27.86mmol) in anhydrous CH2Cl2 (30mL) was treated with EDCI
(5.826 gr, 30.39mmol) and HOBt (4.650 gr, 30.39mmol) at 0 �C,
stirred this reaction mixture 30min at same temperature and
30min at rt. Again this reaction mixture taken to 0 �C then added
compound 5 (5.8 gr, 25.32mmol) in dry CH2Cl2 (40mL) slowly drop
wise and resulting mixture was stirred for 18 h. The reaction
mixture was quenched with water and extracted with ethyl acetate
(2� 50mL), the combined organic layer was washed with brine
and dried over Mg2SO4. The solvent was removed under reduced
pressure, and the crude product was subjected to column chro-
matography (10% ethyl acetate-hexane) to give compound 4 (6.499
gr, 78%) as light brown liquid; IR (neat): 2955, 2917, 2849, 2826,
2789, 1739, 1669, 1593, 1490, 1326, 1149, 731 cm�1; 1H NMR
(600MHz, CDCl3) d 7.46e7.28 (m, 5H), 7.25e7.15 (m, 2H), 7.09e6.96
(m, 2H), 5.16 (d, J¼ 25.0 Hz, 2H), 3.70 (s, 3H), 3.46 (d, J¼ 21.6 Hz,
3H), 3.41 (s, 2H); 13C NMR (151MHz, CDCl3) d 168.00, 166.18, 157.03,
142.28, 136.13, 129.94, 129.74, 128.91, 128.42, 127.56, 126.33, 126.06,
117.34, 116.61, 94.43, 56.20, 52.36, 42.45 ppm; ESI-MS: m/z ¼ 330
[Mþ1]þ.

5.2.4. Methyl 2-(4-bromobenzyl)-3-((4-(methoxymethoxy) phenyl)
(phenyl) amino)-3-oxopropanoate (10j)

To a stirred solution of amide compound 4 (0.200 gr, 0.60mmol)
in Toluene (4mL) at 5e10 �C 50% KOH solution (0.23mL,
6.68mmol) was added and stirring was continued for 10e15min.
The reaction mixture was turned to blue colour then reaction
mixture was taken to 0 �C, 4-bromobenzyl bromide (0.165 gr,
0.66mmol) in 1mL toluene was added drop wise slowly followed
by catalytic amount (19mg) of TBAI was added, then the biphasic
reaction mixture was allowed to rt and stirring was continued until
completion starting material (amide compound 10), monitored by
TLC. After completion of starting material the biphasic reaction
mixture was diluted with water (5mL) and extracted with ethyl
acetate (2� 20mL), the combined organic layer was washed with
brine and dried over anhydrous Na2SO4. The solvent was removed
under reduced pressure, and the crude product was subjected to
flash column chromatography (3e5% ethyl acetate-hexane) to give
corresponding alkylated compound 10j (0.268 gr, 89%) as colour
less liquid; IR (neat): 2955, 2917, 2850, 2826, 2790,1745,1667,1506,
1440, 1199, 1233, 1151, 1077, 732 cm�1; 1H NMR (400MHz, CDCl3)
d 7.43 (d, J¼ 7.9 Hz, 2H), 7.33e7.25 (m, 2H), 7.19e7.07 (m, 2H),
7.06e6.58 (m, 7H), 5.14 (d, J¼ 17.4 Hz, 2H), 3.81e3.71 (m, 4H), 3.46
(d, J¼ 22.0 Hz, 3H), 3.28 (t, J¼ 12.0 Hz,1H), 3.13 (dd, J¼ 13.5, 4.6 Hz,
1H); 13C NMR (150MHz, CDCl3) d 169.60, 168.54, 156.91, 142.27,
137.30, 136.10, 131.53 (2 C), 131.24, 129.88, 129.69, 128.92, 128.59,
128.14, 127.47, 126.43, 126.11, 120.67, 117.06, 116.59, 94.43, 56.23,
52.64, 51.35, 34.74 ppm; ESI-MS: m/z¼ 498 [M]þ.

5.2.5. 2-(4-Bromobenzyl)-3-hydroxy-N-(4-(methoxymethoxy)
phenyl)eN-phenylpropanamide (11j)

To a stirred solution of alkylated compound 10j (0.240 gr,
0.48mmol) in dry THF (5mL) was added ca.30% Lithium Tri-tert-
butoxyaluminium Hydride in THF (2.45mL, 2.89mmol) drop wise
at �20 �C and mixture was stirred for 1 h same temperature then
allowed to room temperature and stirring was continued 4 h. After
completion of starting material the reaction mixture was quenched
with saturated sodium potassium tartrate solution at 0 �C, then
extractedwith extracted with ethyl acetate (3� 30mL), the organic
layer was dried over anhydrous Na2SO4. The solvent was removed
under reduced pressure, and the crude product was subjected to
flash column chromatography (40% ethyl acetate-hexane) to give
corresponding reductive compound 11j (0.207 gr, 92%) as colour
dense liquid; IR (neat): 2958, 2927, 2850, 2826, 2788, 1663, 1507,
1489, 1265, 11151, 1105, 1011, 733 cm�1; 1H NMR (600MHz, CDCl3)
d 7.41 (t, J¼ 7.2 Hz, 2H), 7.33 (t, J¼ 7.6 Hz, 2H), 7.20 (t, J¼ 7.4 Hz,1H),
7.14 (d, J¼ 7.8 Hz, 1H), 7.06 (d, J¼ 8.8 Hz, 1H), 7.01e6.97 (m, 2H),
6.94 (d, J¼ 8.1 Hz, 1H), 6.92e6.75 (m, 3H), 5.16 (d, J¼ 26.9 Hz, 2H),
3.80 (d, J¼ 10.8 Hz,1H), 3.77e3.70 (bs, 1H), 3.48 (d, J¼ 32.5 Hz, 3H),
3.05e2.88 (m, 3H), 2.83e2.73 (m, 1H); 13C NMR (150MHz, CDCl3)
d 175.19, 156.80, 142.37, 138.02, 135.95, 131.54 (2 C), 131.12, 131.08,
129.88, 129.76, 129.07, 128.63, 128.02, 127.71, 126.38, 120.43, 117.17,
116.73, 94.51, 63.41, 56.27, 46.25, 34.96 ppm; ESI-MS: m/z¼ 470
[M]þ.

5.2.6. Reduction procedure for unsubstituted ester at a position
(11a)

To a stirred solution of amide compound 4 (0.175 gr, 0.53mmol)
in dry THF (3mL) NaBH4 (0.022 gr, 0.58mmol) was added at 0 �C
the reaction mixture was slowly warmed to rt and stirring was
continued overnight. After completion of starting material the re-
action mixture was filtered and concentrated under reduced
pressure to give crude product, the crude product was dissolved in
DCM then washed with brine and the organic layer was dried over
anhydrous Na2SO4. The solvent was removed under reduced pres-
sure, and the crude product was subjected to flash column chro-
matography (50% ethyl acetate-hexane) to give mono reductive
compound 11a (0.124, 78%) as white dense liquid; 1H NMR
(600MHz, CDCl3) d 7.37 (d, J¼ 44.7 Hz, 2H), 7.28 (d, J¼ 7.5 Hz, 2H),
7.20 (d, J¼ 8.4 Hz, 2H), 7.04 (d, J¼ 28.2 Hz, 2H), 5.16 (d, J¼ 19.2 Hz,
2H), 3.84 (dd, J¼ 11.4, 5.7 Hz, 2H), 3.47 (d, J¼ 18.2 Hz, 3H),
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3.40e3.35 (bs, 1H), 2.49 (t, J¼ 5.3 Hz, 2H); 13C NMR (150MHz,
CDCl3) d 173.10, 156.83, 142.20, 135.92, 129.84, 129.65, 128.90,
128.36, 127.58, 126.29, 126.10, 117.25, 116.60, 94.36, 58.71, 56.10,
37.16 ppm; ESI-MS: m/z ¼ 302 [MþH]þ.

5.2.7. 2-(4-Bromobenzyl)-3-hydroxy-N-(4-hydroxyphenyl)eN-
phenylpropanamide (2j)
To stirred solution of above reductive compound 11j (0.170 gr,
0.40mmol) in 1:1 ACN and DCM (8mL) was added NaI (0.600 gr,
4.10mmol) followed by TMSCl (0.5mL, 4.10mmol) was added
dropwise at 0 �C, the reaction mixture was stirred for additional
1 h at room temperature. The reaction was quenched with satu-
rated Na2S2O3 solution at 0 �C and the aqueous layer was extracted
with DCM (2� 25mL), the combined organic layer was dried over
anhydrous Mg2SO4. The solvent was removed under reduced
pressure, and the crude product was subjected to flash column
chromatography (60% ethyl acetate-hexane) to give MOM depro-
tected compound 2j (0.146 gr, 95%) as white solid;
M.P.:175.2e176.1 �C, IR (neat): bs 3500, 2962, 2936, 2905, 2847,
1709, 1640, 1592, 1450, 1265, 1030, 762 cm�1, 1H NMR (600MHz,
MeOD) d 7.47 (d, J¼ 7.0 Hz, 2H), 7.32e7.23 (m, 3H), 7.17 (t, J¼ 7.0 Hz,
1H), 7.09 (d, J¼ 7.5 Hz, 1H), 7.00 (dd, J¼ 21.1, 7.4 Hz, 2H), 6.91 (d,
J¼ 7.8 Hz, 1H), 6.77e6.56 (m, 3H), 3.86 (t, J¼ 8.9 Hz, 1H), 3.58 (t,
J¼ 8.9 Hz, 1H), 3.13e2.99 (m, 1H), 2.83e2.74 (m, 1H), 2.74e2.65 (m,
1H); 13C NMR (150MHz, MeOD) d 176.34, 158.48, 144.41, 139.92,
135.08, 132.58 (2 C), 132.43, 130.99, 130.51, 129.99, 129.71, 129.18,
128.87, 127.81, 127.65, 121.30, 116.95, 116.63, 64.87, 49.28,
36.24 ppm; HRMS-ESI (m/z): Calculated for C22H21NO3Br (MþH)þ:
426.0705, Found: 426.0708.

5.3. MOM deprotection procedure for 11c, 11d and 11e compounds

To a stirred solution of compound 11c (0.180 gr, 0.52mmol) in
Dimethyl sulphide (3mL) BF3$Et2O (0.42mL, 1.58mmol) was added
dropwise at 0 �C then starring was allowed to additional
15e20min at same temperature and monitored by TLC. After
completion of starting material the reaction mixture was concen-
trated under reduced pressure (the water bath temperature was
maintained below 15 �C) to give a residue, which was dissolved in
DCM and washed with saturated NaHCO3, the aqueous layer was
extracted two time with DCM (2� 20mL) and the combined
organic layer was dried overMg2SO4. The removal of solvent to give
crude product, which was subjected flash column chromatography
to afford MOM deprotected compound 2c (0.122, 78%) as white
solid.

5.3.1. 3-(4-Bromobenzyl)-5-phenyl-1-oxa-5-azaspiro [5.5] undeca-
7, 10-diene-4, 9-dione (1j)
To stirred solution of MOM deprotected compound 2j (0.030 gr,
0.07mmol) in anhydrous ACN (10mL) anhydrous powered K2CO3
was added at 0 �C then stirred the reaction mixture at same tem-
perature for 30min. The reaction mixture was allowed to stir at rt
additional 45min to 1 h, again the reaction mixture taken to 0 �C
then added slowly drop wise the solution of [Bis (trifluoroacetoxy)
iodo] benzene (PIFA) (0.0 gr, 0.07mmol) in anhydrous ACN (2mL),
the light brown reaction mixture was allowed to rt and stirring was
continued 3e4 h, monitored by TLC. After completion of starting
material the reaction mixture was filtered through filter paper and
concentrated under reduced pressure, the crude product was dis-
solved in DCM (15mL) and quenched with ice-pieces extracted
with DCM (2� 15mL) the combined organic layer was washed
with brine solution and dried over anhydrous Na2SO4. The solvent
was removed under reduced pressure, temperature was main-
tained below 20 �C, the crude product was subjected to column
chromatography (10, 15 and 25% ethyl acetate-hexane) to afford
cyclised spiro compound 1j (0.022 gr, 75%) as light yellow dense
liquid. White liquid, 74% yield; purity 98.6%; IR (neat): 2990, 2968,
2860, 1715, 1589, 1445, 1358, 1228, 1090, 747, cm�1; 1H NMR
(600MHz, CDCl3) d 7.61 (d, J¼ 7.8 Hz, 2H), 7.41 (d, J¼ 7.8 Hz, 2H),
7.37e7.29 (m, 3H), 7.05e6.98 (s, 2H), 6.93 (dd, J¼ 10.1, 2.3 Hz, 1H),
6.78e6.71 (m,1H), 6.05 (d, J¼ 10.4 Hz, 2H), 4.19 (dd, J¼ 12.2, 4.9 Hz,
1H), 4.02 (dd, J¼ 12.2, 6.5 Hz, 1H), 3.37 (dd, J¼ 13.4, 2.9 Hz, 1H),
3.17e3.02 (m, 2H); 13C NMR (150MHz, CDCl3) d 183.79, 169.40,
143.57, 143.29, 142.34, 136.26, 129.91, 129.84, 129.70, 129.41, 129.35,
129.20, 129.16, 129.13, 128.98, 125.66, 125.63, 123.23, 83.33, 62.96,
43.36, 34.68 ppm; HRMS-ESI (m/z): Calculated for C22H19NO3Br
(MþH)þ: 423.0587, Found: 423.0591.

5.3.2. 3-hydroxy-N-(4-hydroxyphenyl)eN-phenylpropanamide
(2a)

White solid; 89% yield; M.P.:110.2e110.9 �C; IR (neat): bs 3500,
2978, 2933, 2879, 1703, 1640, 1591, 1374, 1265, 1028, 862, 695 cm�1,
1H NMR (600MHz, CDCl3) d 7.39 (d, J¼ 49.2 Hz, 2H), 7.29 (s, 1H),
7.11 (s, 2H), 6.84e6.57 (m, 3H), 3.88 (t, J¼ 5.4 Hz, 2H), 3.64e3.47 (bs
1H), 2.52 (t, J¼ 5.3 Hz, 2H); 13C NMR (150MHz, CDCl3) d 173.53,
156.11, 142.40, 134.40, 129.94, 129.69, 128.99, 128.15, 127.85, 126.41,
126.09, 116.65, 116.18, 58.79, 37.08 ppm; HRMS-ESI (m/z): Calcu-
lated for C15H15NO3 (MþH)þ: 257.1126, Found: 257.1129.

5.3.3. 5-Phenyl-1-oxa-5-azaspiro [5.5] undeca-7, 10-diene-4, 9-
dione (1a)

White liquid; 91% yield; purity 97.8%; IR (neat): 2975, 2969,
2849, 1730, 1452, 1418, 1260, 1055, 763, cm�1; 1H NMR (600MHz,
CDCl3) d 7.37e7.29 (m, 3H), 7.09e7.04 (m, 2H), 7.02e6.93 (m, 2H),
6.09 (d, J¼ 10.2 Hz, 2H), 4.33 (t, J¼ 6.0 Hz, 2H), 2.85 (t, J¼ 6.0 Hz,
2H); 13C NMR (150MHz, CDCl3) d 183.94, 167.19, 143.71 (2 C),
136.32, 129.87 (2 C), 129.81 (2 C), 129.14, 129.09, 129.02, 83.07,
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60.26, 32.82 ppm; HRMS-ESI (m/z): Calculated for C15H14NO3
(MþH)þ: 256.0974, Found: 256.0967.

5.3.4. Methyl 3-((4-(methoxymethoxy) phenyl) (phenyl) amino)-2-
methyl-3-oxopropanoate (10b)
1H NMR (600MHz, CDCl3) d 7.47e7.27 (m, 4H), 7.26e6.93 (m,
5H), 5.16 (d, J¼ 29.5 Hz, 2H), 3.69 (s, 3H), 3.65e3.57 (m,1H), 3.46 (d,
J¼ 26.6 Hz, 3H), 1.41 (d, J¼ 7.1 Hz, 3H); 13C NMR (150MHz, CDCl3)
d 170.94, 170.21, 156.76, 142.34, 135.96, 129.65, 128.67, 128.35,
127.96, 127.38, 125.96, 119.68, 117.12, 116.39, 94.24, 56.00, 52.19,
44.18, 13.97 ppm; ESI-MS: m/z ¼ 344 [MþH]þ.

5.3.5. 3-Hydroxy-N-(4-(methoxymethoxy) phenyl)-2-methyl-N-
phenylpropanamide (11b)
1H NMR (600MHz, CDCl3) d 7.47e7.29 (m, 4H), 7.24e6.96 (m,
5H), 5.16 (d, J¼ 23.1 Hz, 2H), 3.72 (dd, J¼ 8.5, 4.5 Hz, 2H), 3.47 (d,
J¼ 23.0 Hz, 3H), 2.93e2.83 (bs, 2H), 1.13 (d, J¼ 7.0 Hz, 3H); 13C NMR
(151MHz, CDCl3) d 176.91, 142.63, 136.22, 129.80 (2 C), 128.97 (2 C),
128.52, 127.77, 126.38, 119.91, 117.25, 116.66, 94.47, 65.14, 56.04,
39.00, 14.30 ppm; ESI-MS: m/z ¼ 316 [MþH]þ.

5.3.6. 3-Hydroxy-N-(4-hydroxyphenyl)-2-methyl-N-
phenylpropanamide (2b)
White solid; 85% yield; M.P.:163.7e164.8 �C; IR (neat): bs 3490,
2952, 2945, 2915, 2875, 1640, 1593, 1511, 1462, 1405, 1229, 1024,
833, 695 cm�1;1H NMR (600MHz, MeOD) d 7.51e7.06 (m, 7H),
6.91e6.67 (m, 2H), 3.79 (dd, J¼ 10.4, 8.5 Hz, 1H), 3.44 (dd, J¼ 10.0,
5.5 Hz, 1H), 2.87 (dd, J¼ 16.7, 10.2 Hz, 1H), 1.05 (d, J¼ 6.9 Hz, 3H);
13C NMR (150MHz, MeOD) d 178.16, 158.57, 144.51, 135.54, 130.83,
129.89, 129.51, 129.27, 128.88, 127.82, 127.40, 117.21, 116.54, 65.85,
41.23, 14.56 ppm; HRMS-ESI (m/z): Calculated for C16H18NO3
(MþH)þ: 272.1287, Found: 272.1285.
5.3.7. 3-Methyl-5-phenyl-1-oxa-5-azaspiro [5.5] undeca-7, 10-
diene-4, 9-dione (1b)

White liquid; 85% yield; purity 98.4%; IR (neat): 2958, 2920,
2856, 1679, 1630, 1585, 1490, 1396, 1350, 1072, 916, 760, 697 cm�1;
1H NMR (600MHz, CDCl3) d 7.55 (d, J¼ 8.0 Hz, 1H), 7.40e7.30 (m,
3H), 7.11e7.05 (m, 2H), 6.94 (dd, J¼ 10.2, 3.2 Hz, 1H), 6.12 (dd,
J¼ 10.2, 2.0 Hz, 1H), 6.08 (dd, J¼ 10.2, 2.0 Hz, 1H), 4.32 (dd, J¼ 11.9,
5.5 Hz, 1H), 4.06 (dd, J¼ 11.9, 7.8 Hz, 1H), 2.98e2.88 (m, 1H), 1.39 (d,
J¼ 7.2 Hz, 3H); 13C NMR (150MHz, CDCl3) d 184.09, 171.21, 144.51,
143.52, 136.60, 130.05, 129.81, 129.79, 129.17, 129.11, 129.05, 120.02,
83.53, 66.14, 37.29, 13.72 ppm; HRMS-ESI (m/z): Calculated for
C16H15NO3(MþH)þ: 269.1065, Found: 269.1061.

5.3.8. Methyl 2-((4-(methoxymethoxy) phenyl) (phenyl)
carbamoyl) pent-4-enoate (10c)

1H NMR (600MHz, CDCl3) d 7.44e7.25 (m, 4H), 7.23e7.11 (m,
3H), 7.04 (d, J¼ 8.1 Hz, 1H), 6.96 (d, J¼ 8.0 Hz, 1H), 5.78e5.68 (m,
1H), 5.20e5.09 (m, 3H), 5.06 (d, J¼ 10.1 Hz, 1H), 3.68 (s, 3H),
3.65e3.57 (m, 1H), 3.44 (d, J¼ 31.6 Hz, 3H), 2.79e2.69 (m, 1H), 2.61
(dd, J¼ 13.0, 6.3 Hz, 1H); 13C NMR (151MHz, CDCl3) d 169.78,
168.69, 156.76, 142.38, 135.86, 134.32,129.95,129.63, 128.67,127.96,
127.41, 126.06, 126.01, 117.55, 117.02, 116.38, 94.26, 56.02, 52.24,
49.29, 33.61 ppm; ESI-MS: m/z ¼ 370 [MþH]þ.

5.3.9. 2-(Hydroxymethyl)eN-(4-(methoxymethoxy) phenyl)eN-
phenylpent-4-enamide (11c)

1H NMR (600MHz, CDCl3) d 7.47e7.40 (m, 1H), 7.39e7.29 (m,
3H), 7.28e7.15 (m, 3H), 7.08 (d, J¼ 8.1 Hz, 1H), 7.02 (d, J¼ 8.1 Hz,
1H), 5.75e5.62 (m, 1H), 5.25e5.04 (m, 4H), 3.84e3.75 (m, 2H), 3.49
(d, J¼ 29.0 Hz, 3H), 2.95e2.83 (m, 2H), 2.51e2.42 (m, 1H),
2.36e2.28 (m, 1H); 13C NMR (150MHz, CDCl3) d 175.63, 156.82,
142.68, 135.05, 130.10, 129.82, 129.01, 128.84, 127.96, 127.85, 126.49,
126.43, 117.41, 117.23, 116.71, 94.53, 63.45, 56.27, 43.90, 33.86 ppm;
ESI-MS: m/z ¼ 342 [MþH]þ.
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5.3.10. 2-(Hydroxymethyl)eN-(4-hydroxyphenyl)eN-phenylpent-
4-enamide (2c)

White solid; 74% yield; M.P.:140.2e141.1 �C; IR (neat): bs 3500,
2960, 2924, 2868, 1639, 1591, 1511, 1491, 1264, 1230, 834, 725 cm�1;
1H NMR (600MHz, MeOD) d 7.45e7.30 (m, 3H), 7.26 (s, 1H), 7.19 (d,
J¼ 7.4 Hz, 2H), 7.07 (d, J¼ 8.4 Hz, 1H), 6.82 (d, J¼ 8.5 Hz, 1H), 6.74
(d, J¼ 8.4 Hz, 1H), 5.78e5.67 (m, 1H), 5.11e5.04 (t, J¼ 12.4 Hz, 2H),
3.80 (dd, J¼ 10.5, 8.5 Hz, 1H), 3.53 (dd, J¼ 10.4, 5.4 Hz, 1H),
3.02e2.86 (m, 1H), 2.38e2.26 (m, 1H), 2.21e2.13 (m, 1H); 13C NMR
(151MHz, MeOD) d 176.79, 158.51, 144.57, 136.51, 135.38, 131.25,
130.62, 129.88 (2 C), 129.27, 127.87 (2 C), 117.41, 117.06, 116.53,
64.49, 46.45, 35.14 ppm; HRMS-ESI (m/z): Calculated for C19H22NO3
(MþH)þ: 312.1600, Found: 312.1600.

5.3.11. 3-Allyl-5-phenyl-1-oxa-5-azaspiro [5.5] undeca-7, 10-diene-
4, 9-dione (1c)

White liquid; 80% yield; purity 97.7%; IR (neat): 2956, 2920,
2850, 1678, 1634, 1492, 1391, 1354, 1093, 1071, 916, 760, 697 cm�1;
1H NMR (600MHz, CDCl3) d 7.34e7.29 (m, 3H), 7.06e7.03 (m, 2H),
7.01 (dd, J¼ 10.2, 3.2 Hz, 1H), 6.95 (dd, J¼ 10.2, 3.2 Hz, 1H),
6.12e6.03 (m, 2H), 5.91e5.80 (m, 1H), 5.23e5.14 (m, 2H), 4.29 (dd,
J¼ 12.2, 5.5 Hz, 1H), 4.13 (dd, J¼ 12.2, 7.0 Hz, 1H), 2.89e2.81 (m,
1H), 2.75e2.69 (m, 1H), 2.57e2.50 (m, 1H); 13C NMR (150MHz,
CDCl3) d 183.84, 169.72, 143.89, 143.52, 136.34, 135.13, 134.44,
129.76, 129.64, 128.97, 128.87, 124.29, 119.91, 118.19, 117.60, 83.11,
63.33, 41.24, 33.09 ppm; HRMS-ESI (m/z): Calculated for
C24H20NO3F6 (MþH)þ: 310.1443, Found: 310.1440.

5.3.12. Methyl 2-((4-(methoxymethoxy) phenyl) (phenyl)
carbamoyl)-4-methylpent-4-enoate (10d)

1H NMR (600MHz, CDCl3) d 7.45e6.95 (m, 9H), 5.15 (d,
J¼ 32.3 Hz, 2H), 4.81 (d, J¼ 22.3 Hz, 2H), 3.79e3.65 (m, 4H), 3.46 (d,
J¼ 27.7 Hz, 3H), 2.79 (s, 1H), 2.57 (d, J¼ 13.7 Hz, 1H), 1.59 (t,
J¼ 17.9 Hz, 3H); 13C NMR (150MHz, CDCl3) d 170.28, 169.05, 156.92,
142.70, 141.89, 136.11, 130.07, 129.83, 128.88, 128.78, 128.11, 127.68,
126.27, 117.23, 116.59, 113.10, 94.48, 56.21, 52.50, 48.35, 37.46,
22.49 ppm; ESI-MS: m/z ¼ 384 [MþH]þ.
5.3.13. 2-(Hydroxymethyl)eN-(4-(methoxymethoxy) phenyl)-4-
methyl-N-phenylpent-4-enamide (11d)

1H NMR (600MHz, CDCl3) d 7.51e6.88 (m, 9H), 5.15 (d,
J¼ 22.2 Hz, 2H), 4.82e4.74 (m, 1H), 3.75 (s, 2H), 3.46 (d, J¼ 12.8 Hz,
3H), 3.02e2.94 (m, 1H), 2.91e282 (m, 1H), 2.48e2.40 (m, 1H),
2.28e2.19 (m, 1H), 1.40 (d, J¼ 31.7 Hz, 3H); 13C NMR (150MHz,
CDCl3) d 175.95, 155.60, 142.68, 142.04, 136.52, 130.09 (2 C), 129.76,
128.98 (2 C), 128.82, 127.88, 127.84 (2 C), 126.48, 126.39, 117.20,
116.68, 113.34, 94.46, 63.39, 56.14, 42.29, 37.65, 21.99 ppm; ESI-MS:
m/z ¼ 356 [MþH]þ.

5.3.14. 2-(Hydroxymethyl)eN-(4-hydroxyphenyl)-4-methyl-N-
phenylpent-4-enamide (2d)

White solid; 74% yield; M.P.:149.2e150.4 �C; IR (neat): bs 3495,
2962, 2926, 1703, 1635, 1511, 1231, 1024, 833, 694 cm�1; 1H NMR
(600MHz, MeOD) d 7.44e7.36 (m,1H), 7.34e7.29 (m, 2H), 7.26e7.13
(m, 3H), 7.07 (d, J¼ 8.5 Hz, 1H), 6.83 (d, J¼ 8.5 Hz, 1H), 6.75 (d,
J¼ 8.5 Hz, 1H), 4.82e4.78 (m, 1H), 4.75 (d, J¼ 8.0 Hz, 1H), 3.81 (t,
J¼ 9.5 Hz, 1H), 3.52e3.48 (m, 1H), 3.11e3.01 (m, 1H), 2.42e3.24 (m,
1H), 2.12e2.02 (m,1H), 1.49 (d, J¼ 33.9 Hz, 3H); 13C NMR (150MHz,
MeOD) d 177.32, 158.66, 144.81, 144.10, 135.54, 131.43, 130.81,
130.09, 129.50, 128.98, 128.10, 127.68, 117.27, 116.74, 113.58, 64.83,
45.09, 39.22, 22.63 ppm; HRMS-ESI (m/z): Calculated for C19H22NO3
(MþH)þ: 312.1600, Found: 312.1604.

5.3.15. 3-(2-Methylallyl)-5-phenyl-1-oxa-5-azaspiro [5.5] undeca-
7, 10-diene-4,9-dione (1d)

Light yellow liquid; 80% yield; purity 98.6%; IR (neat): 2950,
2921, 2856, 1679, 1674, 1443, 1390, 1353, 939, 760, 696 cm�1; 1H
NMR (600MHz, CDCl3) d 7.32e7.29 (m, 3H), 7.06e7.02 (m, 2H), 7.01
(dd, J¼ 10.0, 3.2 Hz,1H), 6.97 (dd, J¼ 10.0, 3.1 Hz,1H), 6.11e6.05 (m,
2H), 4.86 (d, J¼ 44.8 Hz, 2H), 4.25 (dd, J¼ 12.2, 5.2 Hz,1H), 4.08 (dd,
J¼ 12.2, 6.6 Hz, 1H), 2.95e2.88 (m, 1H), 2.78 (dd, J¼ 14.1, 3.7 Hz,
1H), 2.41 (dd, J¼ 14.0, 11.0 Hz, 1H), 1.79 (s, 3H); 13C NMR (150MHz,
CDCl3) d 183.95, 170.25, 143.97, 143.73, 141.82, 136.49, 129.90,
129.75, 129.06, 128.94, 113.59, 83.23, 77.25, 77.04, 76.83, 63.35,
39.85, 37.10, 21.92 ppm; HRMS-ESI (m/z): Calculated for
C24H20NO3F6 (MþH)þ: 310.1443, Found: 310.1449.
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5.3.16. Methyl 2-((4-(methoxymethoxy) phenyl) (phenyl)
carbamoyl) hex-5-enoate (10e)

1H NMR (600MHz, CDCl3) d 7.44e7.26 (m, 4H), 7.24-7-15 (m,
3H), 7.06 (d, J¼ 8.0 Hz, 1H), 6.99 (d, J¼ 7.6 Hz, 1H), 5.72e5.62 (m,
1H), 5.22e5.09 (m, 2H), 5.04e4.87 (m, 2H), 3.70 (s, 3H), 3.59e3.52
(m, 1H), 3.46 (d, J¼ 29.3 Hz, 3H), 2.16e1.96 (m, 4H); 13C NMR
(150MHz, CDCl3) d 170.40, 169.18, 156.89, 142.52, 137.24, 129.99,
129.77, 128.81, 128.71, 128.11, 127.51, 126.17, 126.10, 117.17, 116.52,
115.56, 94.38, 56.12, 52.31, 49.14, 31.38, 28.68 ppm; ESI-MS: m/
z ¼ 384 [MþH]þ.

5.3.17. 2-(Hydroxymethyl)eN-(4-(methoxymethoxy) phenyl)eN-
phenylhex-5-enamide (11e)

1H NMR (600MHz, CDCl3) d 7.40 (d, J¼ 7.1 Hz,1H), 7.36e7.27 (m,
2H), 7.26e7.12 (m, 4H), 7.03 (dd, J¼ 36.7, 8.1 Hz, 2H), 5.64e5.50 (m,
1H), 5.15 (d, J¼ 28.8 Hz, 2H), 4.97e4.83 (m, 2H), 3.80e3.71 (m, 2H),
3.46 (d, J¼ 27.0 Hz, 3H), 2.93e2.75 (m, 2H), 2.05e1.95 (m, 1H), 1.78
(s, 1H), 1.74e1.63 (m, 1H); 13C NMR (150MHz, CDCl3) d 176.33,
156.78, 142.64, 137.60, 137.53, 136.46, 130.03, 129.82, 129.00, 128.77,
127.93, 127.79, 117.24, 116.70, 115.26, 94.48, 63.19, 56.20, 43.38,
31.18, 28.38 ppm; ESI-MS: m/z ¼ 356 [MþH]þ.

5.3.18. 2-(Hydroxymethyl)eN-(4-hydroxyphenyl)eN-phenylhex-5-
enamide (2e)

White solid; 74% yield; M.P.:140.2e141.1 �C; IR (neat): bs 3500,
2960, 2924, 2868, 1639, 1591, 1511, 1491, 1264, 1230, 834, 725 cm�1;
1H NMR (600MHz, MeOD) d 7.46e7.31 (m, 3H), 7.24e7.17 (d,
J¼ 7.7 Hz, 1H), 7.24e7.17 (d, J¼ 7.3 Hz, 2H), 7.09 (d, J¼ 8.4 Hz, 1H),
6.83 (d, J¼ 8.5 Hz, 1H), 6.75 (d, J¼ 8.4 Hz, 1H), 5.75e5.65 (m, 1H),
4.97 (t, J¼ 15.1 Hz, 1H), 4.90 (d, J¼ 10.7 Hz, 1H), 3.79 (dd, J¼ 10.5,
8.3 Hz, 1H), 3.54 (dd, J¼ 10.3, 5.5 Hz, 1H), 2.95e2.82 (m, 1H),
2.13e1.96 (m, 2H), 1.74e1.68 (m, 1H), 1.55e1.45 (m, 1H); 13C NMR
(150MHz, MeOD) d 177.41, 158.54, 144.62, 139.04, 135.41, 135.34,
131.22, 130.67, 129.92, 129.26, 127.87, 127.46, 117.10, 116.57, 115.42,
64.70, 46.14, 32.51, 30.11 ppm; HRMS-ESI (m/z): Calculated for
C19H22NO3 (MþH)þ: 312.1600, Found: 312.1600.
5.3.19. 3-(But-3-en-1-yl)-5-phenyl-1-oxa-5-azaspiro [5.5] undeca-
7, 10-diene-4, 9-dione (1e)

White liquid; 80% yield; purity 98.4%; IR (neat): 2956, 2920,
2850, 1678, 1634, 1492, 1391, 1354, 1093, 1071, 916, 760, 697 cm�1;
1H NMR (600MHz, CDCl3) d 7.33e7.29 (m, 3H), 7.07e7.02 (m, 2H),
7.01 (dd, J¼ 10.2, 3.2 Hz, 1H), 6.95 (dd, J¼ 10.2, 3.2 Hz, 1H),
6.11e6.02 (m, 2H), 5.88e5.80 (m,1H), 5.13e5.09 (m,1H), 5.06e5.03
(m, 1H), 4.32 (dd, J¼ 12.0, 5.3 Hz, 1H), 4.11 (dd, J¼ 12.1, 6.9 Hz, 1H),
2.79 (m, 1H), 2.32e2.19 (m, 2H), 2.17e2.07 (m, 1H), 1.83e1.75 (m,
1H); 13C NMR (150MHz, CDCl3) d 183.76, 170.25, 143.88, 143.47,
137.22, 136.31, 129.74 (2 C), 129.55, 129.51, 128.87 (2 C), 128.74,
115.60, 82.97, 63.78, 41.13, 30.94, 27.80 ppm; HRMS-ESI (m/z):
Calculated for C24H20NO3F6 (MþH)þ: 310.1443, Found: 310.1440.

5.3.20. Methyl 2-benzyl-3-((4-(methoxymethoxy) phenyl) (phenyl)
amino)-3-oxopropanoate (10f)

1H NMR (600MHz, CDCl3) d 7.34e7.22 (m, 6H), 7.18e7.07 (m,
4H), 7.00 (d, J¼ 8.8 Hz, 1H), 6.97e6.69 (m, 3H), 5.13 (d, J¼ 23.5 Hz,
2H), 3.83e3.71 (m, 4H), 3.45 (d, J¼ 31.8 Hz, 3H), 3.38e3.29 (m, 1H),
3.23e3.10 (m, 1H); 13C NMR (150MHz, CDCl3) d 169.65, 168.64,
156.60, 142.21, 138.05, 135.72, 131.34, 129.75, 129.33 (2 C), 128.65,
128.46, 128.28, 127.76, 127.36, 126.61, 126.12, 125.99, 116.71, 116.33,
94.22, 55.99, 52.36, 51.30, 35.22 ppm; ESI-MS: m/z ¼ 420 [MþH]þ.

5.3.21. 2-Benzyl-3-hydroxy-N-(4-(methoxymethoxy) phenyl)eN-
phenylpropanamide (11f)

1H NMR (600MHz, CDCl3) d 7.33e7.24 (m, 5H), 7.20e7.10 (m,
2H), 7.09e7.00 (m, 3H), 6.95 (dd, J¼ 23.6, 8.6 Hz, 2H), 6.76 (d,
J¼ 55.1 Hz, 2H), 5.14 (d, J¼ 23.5 Hz, 2H), 3.83e3.72 (m, 2H), 3.46 (d,
J¼ 30.4 Hz, 3H), 3.12e3.04 (m, 1H), 3.01e2.95 (m, 1H), 2.94e2.90
(bs, 1H), 2.85e2.71 (m, 1H); 13C NMR (151MHz, CDCl3) d 175.38,
155.55, 142.40, 138.93, 129.84, 129.53, 129.31, 129.28, 128.98,
128.90, 128.59, 128.38 (2 C), 127.79, 127.67, 126.50, 126.39, 126.34,
116.95, 116.58, 94.39, 63.54, 56.11, 46.32, 35.60 ppm; ESI-MS: m/
z ¼ 392 [MþH]þ.
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5.3.22. 2-Benzyl-3-hydroxy-N-(4-hydroxyphenyl)eN-
phenylpropanamide (2f)

White solid; 74% yield; M.P.:148.5e149.4 �C; IR (neat): bs 3485,
2965, 3027, 2957, 2929, 2874, 2851, 1630, 1512, 1407, 1324, 1101,
966, 727 cm�1; 1H NMR (600MHz, MeOD) d 7.39e7.23 (m, 6H), 7.19
(t, J¼ 7.3 Hz, 1H), 7.15e7.06 (m, 4H), 6.92 (d, J¼ 8.7 Hz, 1H),
6.78e6.61 (m, 2H), 3.92e3.86 (m,1H), 3.63e3.59 (m,1H), 3.16e3.03
(m, 1H), 2.87e2.80 (m, 1H), 2.78e2.70 (m, 1H); 13C NMR (151MHz,
MeOD) d 175.24, 156.99, 143.11, 139.21, 133.77, 129.68, 129.11,
129.09, 129.00, 128.53, 128.41, 128.12, 127.81, 127.36, 126.47, 126.23,
126.20, 115.43, 115.15, 63.61, 48.10, 35.57 ppm; HRMS-ESI (m/z):
Calculated for C22H22NO3 (MþH)þ: 348.1600, Found: 348.1595.

5.3.23. 3-Benzyl-5-phenyl-1-oxa-5-azaspiro [5.5] undeca-7, 10-
diene-4, 9-dione (1f)

White liquid; 80% yield; purity 97.9%; IR (neat): 2989, 2969,
2862, 1715, 1590, 1438, 1348, 1220, 1086, 747, cm�1; 1H NMR
(600MHz, CDCl3) d 7.39e7.26 (m, 8H), 7.05e7.01 (m, 2H), 6.92 (dd,
J¼ 10.4, 3.2 Hz, 1H), 6.66 (dd, J¼ 10.4, 3.2 Hz, 1H), 6.05e5.99 (m,
1H), 4.18 (dd, J¼ 12.2, 5.2 Hz,1H), 4.06 (dd, J¼ 12.2, 6.4 Hz,1H), 3.29
(dd, J¼ 13.2, 3.5 Hz, 1H), 3.16e3.01 (m, 2H); 13C NMR (151MHz,
CDCl3) d 183.87, 169.67, 143.76, 143.57, 138.02, 136.42, 129.84,
129.72, 129.68, 129.40, 129.06, 128.97, 128.93, 128.90, 128.78,
128.67,126.87,120.08, 83.16, 63.10, 43.37, 34.94 ppm; HRMS-ESI (m/
z): Calculated for C22H20NO3 (MþH)þ: 346.1425, Found: 346.1420.

5.3.24. Methyl 2-(4-fluorobenzyl)-3-((4-(methoxymethoxy)
phenyl)(phenyl)amino)-3-oxopropanoate (10g)

1H NMR (400MHz, cdcl3) d 7.32e7.26 (m, 2H), 7.20e7.06 (m,
4H), 7.05e6.67 (m, 7H), 5.13 (d, J¼ 16.7 Hz, 2H), 3.80e3.70 (m, 4H),
3.46 (d, J¼ 21.6 Hz, 3H), 3.31 (t, J¼ 12.0 Hz, 1H), 3.19e3.10 (m, 1H);
13C NMR (150MHz, CDCl3) d 169.71, 168.66, 161.09, 156.92, 142.33,
133.98, 131.05, 131.00, 129.91, 129.66, 128.93, 128.63, 128.13, 127.51,
126.43, 126.15, 117.03, 116.60, 115.33, 115.19, 94.45, 56.24, 52.62,
51.57, 34.55 ppm; ESI-MS: m/z ¼ 438 [MþH]þ.
5.3.25. 2-(4-Fluorobenzyl)-3-hydroxy-N-(4-(methoxymethoxy)
phenyl)eN-phenylpropanamide (11g)

1H NMR (600MHz, CDCl3) d 7.30 (t, J¼ 7.3 Hz, 3H), 7.17 (t,
J¼ 7.4 Hz, 1H), 7.11 (d, J¼ 7.7 Hz, 1H), 7.02 (dd, J¼ 17.3, 7.2 Hz, 2H),
6.99e6.77 (m, 6H), 5.14 (d, J¼ 26.4 Hz, 2H), 3.79 (d, J¼ 9.8 Hz, 1H),
3.76e3.70 (bs, 1H), 3.46 (d, J¼ 31.9 Hz, 3H), 3.08e2.87 (m, 3H),
2.83e2.70 (m, 1H); 13C NMR (150MHz, CDCl3) d 175.23, 162.54,
156.75, 142.36, 135.96, 134.65, 130.80, 130.75, 129.84, 129.66,
128.99, 128.59, 127.67, 126.51, 126.33, 117.08, 116.66, 115.25, 115.11,
94.45, 63.36, 56.19, 46.40, 34.71 ppm; ESI-MS: m/z ¼ 410 [MþH]þ.

5.3.26. 2-(4-Fluorobenzyl)-3-hydroxy-N-(4-hydroxyphenyl)eN-
phenylpropanamide (2g)

White solid; 77% yield; M.P.:140.2e141.5 �C; IR (neat): bs 3495,
3057, 2967, 2855, 1751, 1663, 1360, 1221, 726 cm�1; 1H NMR
(600MHz, MeOD) d 7.32e7.24 (m, 3H), 7.17 (t, J¼ 7.2 Hz, 1H),
7.13e6.98 (m, 6H), 6.91 (d, J¼ 8.3 Hz, 1H), 6.75e6.58 (m, 2H), 3.86
(t, J¼ 8.9 Hz, 1H), 3.58 (t, J¼ 8.9 Hz, 1H), 3.12e2.99 (m, 1H),
2.85e2.77 (m, 1H), 2.74e7.68 (m, 1H); 13C NMR (150MHz, MeOD)
d 176.40, 163.96, 158.40, 144.36, 136.50, 136.43, 135.74, 135.06,
132.04, 131.99, 130.41, 129.89, 129.11, 127.75, 127.55, 116.84, 116.52,
116.06, 115.92, 64.80, 49.39, 35.94 ppm; HRMS-ESI (m/z): Calcu-
lated for C22H22NO3F (MþH)þ: 366.1505, Found: 366.1497.

5.3.27. 3-(4-Fluorobenzyl)-5-phenyl-1-oxa-5-azaspiro [5.5]
undeca-7, 10-diene-4, 9-dione (1g)

White liquid; 78% yield; purity 98.2%; IR (neat): 2970, 2965,
2950, 2850, 1715, 1680, 1450, 1298, 1320, 790 cm�1; 1H NMR
(600MHz, CDCl3) d 7.34e7.29 (m, 3H), 7.27e7.21 (m, 2H), 7.08e6.97
(m, 4H), 6.92 (dd, J¼ 10.3, 2.9 Hz, 1H), 6.73e6.68 (m, 1H), 6.04 (d,
J¼ 10.2 Hz, 2H), 4.18 (dd, J¼ 12.2, 5.2 Hz, 1H), 4.04 (dd, J¼ 12.2,
6.5 Hz, 1H), 3.25 (dd, J¼ 13.7, 3.8 Hz, 1H), 3.11e3.05 (m, 1H),
3.04e2.98 (m, 1H); 13C NMR (150MHz, CDCl3) d 183.65, 169.37,
162.46, 160.84, 143.51, 143.24, 136.16, 133.49, 130.72, 130.67, 129.66
(2 C), 129.60, 128.93 (2 C), 128.87, 115.42, 115.28, 83.05, 62.81, 43.28,
33.89 ppm; HRMS-ESI (m/z): Calculated for C22H19NO3F (MþH)þ:
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363.1185, Found: 363.1190.

5.3.28. Methyl 2-(4-chlorobenzyl)-3-((4-(methoxymethoxy)
phenyl) (phenyl) amino)-3-oxopropanoate (10h)

1H NMR (600MHz, CDCl3) d 7.32e7.26 (m, 5H), 7.15 (t, J¼ 7.2 Hz,
1H), 7.13e7.01 (m, 4H), 6.98e6.74 (m, 3H), 5.14 (d, J¼ 26.4 Hz, 2H),
3.80e3.71 (m, 4H), 3.46 (d, J¼ 33.1 Hz, 3H), 3.30 (t, J¼ 11.9 Hz, 1H),
3.15 (dd, J¼ 12.8, 5.2 Hz, 1H); 13C NMR (150MHz, CDCl3) d 169.50,
168.43, 156.80, 142.18, 136.67, 135.69, 132.54, 130.75, 129.78, 129.57,
128.80, 128.49, 128.45 (2 C), 128.02, 127.36, 126.30, 125.99, 116.94,
116.47, 94.31, 56.11, 52.51, 51.28, 34.56 ppm; ESI-MS: m/z ¼ 454
[MþH]þ.

5.3.29. 2-(4-Chlorobenzyl)-3-hydroxy-N-(4-(methoxymethoxy)
phenyl)eN-phenylpropanamide (11h)

1H NMR (600MHz, CDCl3) d 7.26e7.18 (m, 5H), 7.08 (d,
J¼ 50.7 Hz, 2H), 7.01e6.69 (m, 6H), 5.15 (d, J¼ 26.7 Hz, 2H), 3.76 (d,
J¼ 34.1 Hz, 2H), 3.46 (d, J¼ 32.2 Hz, 3H), 3.09e2.88 (m, 3H), 2.79 (s,
1H); 13C NMR (150MHz, CDCl3) d 175.06, 174.99, 155.56, 142.22,
137.35, 136.04, 135.80, 132.27, 130.57, 130.54, 129.73, 129.59, 128.90,
128.48, 128.41 (2 C), 127.55, 126.22, 117.01, 116.57, 94.34, 63.25,
56.10, 46.12, 34.73 ppm; ESI-MS: m/z ¼ 426 [MþH]þ.

5.3.30. 2-(4-Chlorobenzyl)-3-hydroxy-N-(4-hydroxyphenyl)eN-
phenylpropanamide (2h)

White solid; 89% yield; M.P.:159.2e160.3 �C; IR (neat): bs 3510,
3025, 2957, 1751, 1715, 1519, 1350, 1225, 837, 696 cm�1; 1H NMR
(600MHz, MeOD) d 7.36e7.26 (m, 4H), 7.18 (t, J¼ 7.3 Hz, 1H),
7.13e7.02 (m, 4H), 6.90 (d, J¼ 8.5 Hz,1H), 6.76e6.57 (m, 3H), 3.86 (t,
J¼ 9.2 Hz, 1H), 3.62e3.53 (m,1H), 3.14e3.01 (m, 1H), 2.84e2.76 (m,
1H), 2.75e2.67 (m, 1H); 13C NMR (150MHz, MeOD) d 176.35,
158.50, 144.42, 139.45, 135.09, 133.46, 132.05 (2 C), 131.00, 130.50,
129.98, 129.54 (2 C), 129.17, 128.86, 127.81, 127.63, 116.93, 116.60,
49.31, 36.15, 20.84 ppm; HRMS-ESI (m/z): Calculated for
C22H21NO3Cl (MþH)þ: 382.1210, Found: 382.1216.
5.3.31. 3-(4-Chlorobenzyl)-5-phenyl-1-oxa-5-azaspiro [5.5]
undeca-7, 10-diene-4, 9-dione (1h)
Yellow liquid; 76% yield; purity 97.5%; IR (neat): 2923, 2852,
1679, 1634, 1492, 1391, 1355, 1093, 940, 739, 696 cm�1; 1H NMR
(600MHz, CDCl3) d 7.38e7.29 (bs, 5H), 7.22 (d, J¼ 7.8 Hz, 2H),
7.04e6.94 (bs, 2H), 6.92 (d, J¼ 9.8 Hz, 1H), 6.73 (d, J¼ 9.0 Hz, 1H),
6.05 (d, J¼ 10.1 Hz, 2H), 4.18 (dd, J¼ 12.2, 4.2 Hz, 1H), 4.02 (dd,
J¼ 11.8, 6.3 Hz, 1H), 3.25 (d, J¼ 13.2 Hz, 1H), 3.08e2.97 (m, 2H); 13C
NMR (150MHz, CDCl3) d 183.86, 169.54, 143.70, 143.41, 136.55,
136.34, 132.80, 130.76 (2 C), 129.90, 129.87 (2 C), 129.84, 129.16
(2 C), 129.11,128.87 (2 C), 83.30, 62.99, 43.39, 34.23 ppm; HRMS-ESI
(m/z): Calculated for C22H29NO3Cl (MþH)þ: 379.0986, Found:
379.0988.

5.3.32. Methyl 2-(3-bromobenzyl)-3-((4-(methoxymethoxy)
phenyl) (phenyl) amino)-3-oxopropanoate (10i)
1H NMR (600MHz, CDCl3) d 7.45 (d, J¼ 7.8 Hz,1H), 7.36e7.27 (m,
5H), 7.25e7.10 (m, 4H), 7.07e6.94 (m, 3H), 5.24e5.09 (m, 2H), 3.79
(s, 3H), 3.48 (d, J¼ 34.9 Hz, 3H), 3.32 (t, J¼ 12.2 Hz, 1H), 3.22e3.11
(m,1H); 13C NMR (150MHz, CDCl3) d 169.53, 168.53, 156.93, 142.24,
140.63, 132.36, 130.10, 129.95 (2C), 129.86, 128.91, 128.58, 128.36
(2C), 127.58, 126.20, 122.55, 117.04, 116.59, 94.46, 56.22, 52.67, 51.15,
35.03 ppm; ESI-MS: m/z¼ 498 [M]þ.

5.3.33. 2-(3-Bromobenzyl)-3-hydroxy-N-(4-(methoxymethoxy)
phenyl)eN-phenylpropanamide (11i)
1H NMR (600MHz, CDCl3) d 7.42 (dd, J¼ 8.0, 0.8 Hz, 1H), 7.33
(dd, J¼ 15.0, 7.3 Hz, 3H), 7.23e7.12 (m, 4H), 7.10e6.95 (m, 4H), 6.83
(s, 1H), 5.51e4.98 (m, 2H), 4.00e3.69 (m, 2H), 3.48 (d, J¼ 32.9 Hz,
3H), 3.17e2.88 (m, 3H), 2.79 (m, 1H); 13C NMR (150MHz, CDCl3)
d 174.99, 156.80, 142.31, 141.44, 132.28, 130.02, 129.80 (2C), 129.69
(2C), 129.00, 128.56, 128.13, 127.73, 126.54, 126.39, 122.56, 117.08,
116.67, 94.49, 63.60, 56.21, 46.17, 35.34 ppm; ESI-MS: m/z¼ 470
[M]þ.
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5.3.34. 2-(3-Bromobenzyl)-3-hydroxy-N-(4-hydroxyphenyl)eN-
phenylpropanamide (2i)

White solid; 82% yield; M.P.:191.2e191.9 �C; IR (neat): bs 3500,
2963, 2924, 2852, 17021633, 1591, 1265, 1224, 1071, 725, 693 cm�1;
1H NMR (600MHz, MeOD) d 7.53e7.47 (m, 1H), 7.34e7.24 (m, 5H),
7.20 (t, J¼ 7.4 Hz, 1H), 7.14e7.06 (m, 3H), 6.94e6.88 (m, 1H),
6.75e6.71 (m, 2H), 3.93e3.86 (m,1H), 3.62 (dd, J¼ 10.6, 6.0 Hz,1H),
3.16e3.01 (m, 1H), 2.83e2.70 (m, 2H); 13C NMR (150MHz, MeOD)
d 176.26, 158.52, 144.43, 143.34, 135.07, 133.53, 131.40, 130.74,
130.53, 130.02 (2C), 129.75, 129.45, 129.27, 127.93 (2C), 123.52,
116.97,116.63, 64.93, 49.29, 36.58 ppm; HRMS-ESI (m/z): Calculated
for C20H20NO3Br (MþH)þ: 426.0705, Found: 426.0709.

5.3.35. 3-(3-Bromobenzyl)-5-phenyl-1-oxa-5-azaspiro [5.5]
undeca-7, 10-diene-4, 9-dione (1i)

White liquid; 91% yield; purity 98.8%; IR (neat): 2995, 2967,
2858, 1711, 1441, 1419, 1358, 1221, 1092, 747, cm�1; 1H NMR
(600MHz, CDCl3) d 7.44 (d, J¼ 8.2 Hz, 1H), 7.44e7.40 (m, 1H),
7.33e7.29 (m, 3H), 7.24e7.19 (m, 2H), 7.04e7.01 (m, 2H), 6.93 (dd,
J¼ 10.4, 3.2 Hz, 1H), 6.69 (dd, J¼ 10.4, 3.2 Hz, 1H), 4.19 (dd, J¼ 12.3,
5.1 Hz, 1H), 4.03 (dd, J¼ 12.3, 6.3 Hz, 1H), 3.25 (dd, J¼ 12.7, 3.0 Hz,
1H), 3.09e2.99 (m, 2H); 13C NMR (150MHz, CDCl3) d 183.81, 169.37,
143.62, 143.37, 140.47, 136.29, 132.28, 130.25, 130.06, 129.88 (2C),
129.85, 129.80, 129.11 (2C), 129.06, 128.06, 122.75, 83.25, 63.00,
43.21, 34.58 ppm; HRMS-ESI (m/z): Calculated for C22H19NO3Br
(MþH)þ: 423.0587, Found: 423.0591.

5.3.36. Methyl 3-((4-(methoxymethoxy) phenyl) (phenyl) amino)-
3-oxo-2-(4-(trifluoromethyl) benzyl) propanoate (10k)

1H NMR (400MHz, cdcl3) d 7.56 (d, J¼ 7.8 Hz, 2H), 7.32e7.22 (m,
5H), 7.16 (t, J¼ 7.5 Hz,1H), 7.09 (d, J¼ 7.8 Hz,1H), 7.04e6.72 (m, 4H),
5.14 (d, J¼ 16.1 Hz, 2H), 3.84e3.74 (m, 4H), 3.46 (d, J¼ 21.0 Hz, 3H),
3.38 (t, J¼ 11.9 Hz, 1H), 3.28e3.29 (m, 1H); 13C NMR (150MHz,
CDCl3) d 169.49, 168.40, 156.93, 142.55, 135.70, 129.81 (2 C), 129.71,
129.12, 128.94,128.48, 128.18, 127.42,126.48,126.06, 125.39,125.36,
125.11, 123.31, 117.09, 116.61, 94.42, 56.22, 52.70, 51.29, 35.12 ppm;
ESI-MS: m/z ¼ 488 [MþH]þ.
5.3.37. 3-hydroxy-N-(4-(methoxymethoxy) phenyl)eN-phenyl-2-
(4-(trifluoromethyl) benzyl) propanamide (11k)

1H NMR (600MHz, CDCl3) d 7.52 (t, J¼ 7.1 Hz, 2H), 7.35e7.28 (m,
2H), 7.21e7.08 (m, 4H), 7.03 (d, J¼ 8.9 Hz, 1H), 7.00e6.74 (m, 4H),
5.14 (d, J¼ 25.0 Hz, 2H), 3.81 (d, J¼ 10.5 Hz, 1H), 3.77e3.69 (bs, 1H),
3.46 (d, J¼ 31.1 Hz, 3H), 3.15e3.05 (m, 1H), 3.04e2.94 (m, 2H),
2.90e2.83 (m, 1H); 13C NMR (150MHz, CDCl3) d 174.51, 156.30,
142.77, 135.36, 129.26 (2 C), 129.18, 128.57, 128.42, 128.02, 127.54,
127.16, 126.14, 125.83, 124.89, 124.87, 124.67, 122.87, 116.69, 116.23,
93.99, 62.87, 55.74, 45.70, 34.82 ppm; ESI-MS: m/z ¼ 460 [MþH]þ.

5.3.38. 3-Hydroxy-N-(4-hydroxyphenyl)eN-phenyl-2-(4
(trifluoromethyl) benzyl) propanamide (2k)

White solid; 87% yield; M.P.:175.2e176.1 �C; IR (neat): bs 3490,
3056, 2918, 2850, 1680, 1636, 1391, 1324, 1066, 736 cm�1; 1H NMR
(600MHz, MeOD) d 7.65 (d, J¼ 6.9 Hz, 2H), 7.38e7.24 (m, 5H), 7.19
(t, J¼ 7.1 Hz, 1H), 7.10 (d, J¼ 7.7 Hz, 1H), 6.91 (d, J¼ 8.3 Hz, 1H),
6.76e6.60 (m, 3H), 3.91 (t, J¼ 9.0 Hz, 1H), 3.66e3.61 (m, 1H),
3.19e3.06 (m, 1H), 2.98e2.80 (m, 2H); 13C NMR (150MHz, MeOD)
d 176.09, 158.44, 145.38, 144.31, 135.68, 134.95, 131.02, 130.82,
130.44, 129.93, 129.55, 129.07, 128.82, 127.70, 127.60, 126.34, 126.31,
124.89, 116.88, 116.55, 64.79, 49.22, 36.57 ppm; HRMS-ESI (m/z):
Calculated for C23H21NO3F3 (MþH)þ: 416.1474, Found: 416.1478.

5.3.39. 5-Phenyl-3-(4-(trifluoromethyl) benzyl)-1-oxa-5-azaspiro
[5.5] undeca-7, 10-diene-4, 9-dione (1k)

White liquid; 75% yield; purity 96.9%; IR (neat): 2960, 2922,
2848, 1680, 1638, 1587, 1460, 1385, 1314, 1120, 768, 697 cm�1; 1H
NMR (600MHz, CDCl3) d 7.48 (d, J¼ 7.3 Hz, 2H), 7.32 (bs, 3H), 7.16
(d, J¼ 7.5 Hz, 2H), 7.02 (bs, 2H), 6.92 (d, J¼ 10.4 Hz, 1H), 6.74 (d,
J¼ 10.0 Hz, 1H), 6.05 (d, J¼ 10.1 Hz, 2H), 4.17 (d, J¼ 11.0 Hz, 1H),
4.05e3.99 (m, 1H), 3.24 (d, J¼ 12.2 Hz, 1H), 3.09e2.97 (m, 2H); 13C
NMR (150MHz, CDCl3) d 183.84, 169.49, 143.68, 143.38, 137.07,
136.63, 136.32,131.82 (2 C), 131.12 (2 C), 129.89, 129.86 (2 C), 129.84,
129.15 (2 C), 129.10, 120.82, 83.29, 62.98, 43.33, 34.27 ppm; HRMS-
ESI (m/z): Calculated for C23H19NO3F3 (MþH)þ: 413.1258, Found:
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413.1262.

5.3.40. Methyl 3-((4-(methoxymethoxy) phenyl) (phenyl) amino)-
2-(4-nitrobenzyl)-3-oxopropanoate (10l)

1H NMR (600MHz, CDCl3) d 8.17 (d, J¼ 5.5 Hz, 2H), 7.36e7.27
(m, 5H), 7.17 (t, J¼ 7.0 Hz, 1H), 7.10 (d, J¼ 7.7 Hz, 1H), 7.02 (d,
J¼ 8.5 Hz, 1H), 6.91e6.81 (t, J¼ 30.8 Hz, 3H), 5.14 (d, J¼ 30.3 Hz,
2H), 3.85e3.78 (m, 1H), 3.75 (s, 3H), 3.46 (d, J¼ 36.2 Hz, 4H), 3.29
(dd, J¼ 12.6, 5.7 Hz, 1H); 13C NMR (150MHz, CDCl3) d 169.26,
168.05, 157.09, 146.98, 146.18, 142.11, 135.58, 130.37, 130.17, 129.86,
129.78, 129.00, 128.49, 127.36, 125.99, 123.65 (2 C), 120.64, 117.23,
116.66, 94.44, 60.40, 56.27, 52.79, 35.03 ppm; ESI-MS: m/z ¼ 465
[MþH]þ.

5.3.41. 3-Hydroxy-N-(4-(methoxymethoxy) phenyl)-2-(4-
nitrobenzyl)eN-phenylpropanamide (11l)

1H NMR (600MHz, CDCl3) d 8.20e8.10 (bs, 2H), 7.40e7.30 (bs,
2H), 7.26e7.16 (m, 3H), 7.13 (d, J¼ 6.3 Hz, 1H), 7.08e6.98 (m, 3H),
6.96e6.79 (m, 2H), 5.17 (d, J¼ 31.4 Hz, 2H), 3.84 (d, J¼ 10.4 Hz, 1H),
3.78e3.70 (bs, 1H), 3.49 (d, J¼ 37.3 Hz, 3H), 3.15 (d, J¼ 8.9 Hz, 1H),
3.10e2.92 (m, 3H); 13C NMR (150MHz, CDCl3) d 174.45, 156.79,
146.70,142.01,135.60,130.06,130.02,129.73,129.59,128.96,128.34,
128.08, 127.43, 126.56, 126.09, 123.52 (2 C), 117.15, 116.61, 94.35,
63.03, 56.14, 45.80, 35.01 ppm; ESI-MS: m/z ¼ 437 [MþH]þ.

5.3.42. 3-Hydroxy-N-(4-hydroxyphenyl)-2-(4-nitrobenzyl)eN-
phenylpropanamide (2l)

Light yellow solid; 86% yield; M.P.:175.8e176.6 �C; IR (neat): bs
3490, 2982, 2926, 2850, 1743, 1662, 1512, 1348, 1226, 1033, 853,
692 cm�1; 1H NMR (600MHz, MeOD) d 8.20 (d, J¼ 8.3 Hz, 2H),
7.39e7.25 (m, 5H), 7.17 (t, J¼ 7.3 Hz, 1H), 7.10 (d, J¼ 7.8 Hz, 1H), 6.91
(d, J¼ 8.4 Hz, 1H), 6.78e6.62 (m, 3H), 3.89 (t, J¼ 9.1 Hz, 1H),
3.65e3.57 (m, 1H), 3.20e3.07 (m, 1H), 3.00e2.93 (m, 1H),
2.92e2.82 (m, 1H); 13C NMR (150MHz, MeOD) d 175.89, 158.64,
148.81, 148.31, 144.33, 134.99, 131.54, 130.95, 130.66, 130.04, 129.67,
129.16, 129.03, 127.78, 127.71, 124.62 (2 C), 117.08, 116.66, 64.80,
48.75, 36.56 ppm; HRMS-ESI (m/z): Calculated for C22H21N2O5
(MþH)þ: 392.1282, Found: 392.1279.
5.3.43. 3-(4-Nitrobenzyl)-5-phenyl-1-oxa-5-azaspiro [5.5] undeca-
7, 10-diene-4, 9-dione (1l)

Yellow liquid; 66% yield; purity 97.8%; IR (neat): 2922, 2851,
1678, 1634, 1517, 1392, 1345, 1096, 942, 735, 698 cm�1; 1H NMR
(600MHz, CDCl3) d 8.22 (d, J¼ 8.4 Hz, 2H), 7.47 (d, J¼ 8.3 Hz, 2H),
7.40e7.29 (m, 3H), 7.02 (d, J¼ 3.4 Hz, 2H), 6.93 (d, J¼ 8.3 Hz, 1H),
6.79 (d, J¼ 9.7 Hz, 1H), 6.07 (d, J¼ 10.1 Hz, 2H), 4.21 (dd, J¼ 12.1,
5.0 Hz, 1H), 4.02 (dd, J¼ 12.1, 6.8 Hz, 1H), 3.41 (dd, J¼ 13.6, 3.9 Hz,
1H), 3.17 (dd, J¼ 13.4, 9.3 Hz, 1H), 3.14e3.07 (m, 1H); 13C NMR
(151MHz, CDCl3) d 183.73, 169.13, 146.05, 143.50, 143.05, 136.16,
130.24 (2 C), 130.07, 130.03, 129.94, 129.84 (2 C), 129.25, 129.24,
129.09, 123.97 (2 C), 83.44, 63.00, 43.30, 34.65 ppm; HRMS-ESI (m/
z): Calculated for C22H19N2O5 (MþH)þ: 391.1294, Found: 391.1303.

5.3.44. Methyl 3-((4-(methoxymethoxy) phenyl) (phenyl) amino)-
3-oxo-2-(2-((phenylsulfonyl) methyl) benzyl) propanoate (10m)

1H NMR (600MHz, CDCl3) d 7.66 (d, J¼ 7.6 Hz, 2H), 7.61 (t,
J¼ 7.4 Hz, 1H), 7.46 (t, J¼ 7.7 Hz, 2H), 7.35e7.20 (m, 6H), 7.07e6.98
(m, 1H), 6.97e6.67 (m, 2H), 6.96e6.67 (m, 4H), 5.12 (d, J¼ 37.1 Hz,
2H), 4.51 (t, J¼ 13.0 Hz, 1H), 4.22e4.15 (m, 1H), 3.80e3.66 (m, 4H),
3.44 (d, J¼ 39.6 Hz, 3H), 3.14 (dd, J¼ 14.2, 11.0 Hz, 1H), 2.85 (d,
J¼ 14.4 Hz, 1H); 13C NMR (150MHz, CDCl3) d 169.22, 168.31, 156.65,
142.00, 138.41, 138.15, 135.42, 133.55, 132.47, 130.54, 129.57, 129.42,
128.86, 128.79 (2 C), 128.68, 128.33 (2 C), 128.27, 127.96, 127.20,
126.95, 126.89, 125.82, 116.79, 116.34, 94.15, 77.03, 59.09, 52.43,
50.55, 30.85 ppm; ESI-MS: m/z ¼ 574 [MþH]þ.

5.3.45. 3-Hydroxy-N-(4-(methoxymethoxy) phenyl)eN-phenyl-2-
(2-((phenyl sulfonyl) methyl) benzyl) propanamide (11m)

1H NMR (600MHz, CDCl3) d 7.65 (d, J¼ 7.5 Hz, 2H), 7.61 (t,
J¼ 7.4 Hz, 1H), 7.45 (t, J¼ 7.7 Hz, 2H), 7.32e7.22 (m, 4H), 7.17 (q,
J¼ 8.0 Hz, 2H), 7.11e7.01 (m, 2H), 6.99e6.74 (m, 5H), 5.14 (d,
J¼ 35.5 Hz, 2H), 4.34e4.16 (m, 2H), 3.74e3.67 (bs, 1H), 3.61e3.54
(bs, 1H), 3.45 (d, J¼ 34.5 Hz, 3H), 3.12 (dd, J¼ 17.0, 5.6 Hz, 1H),
2.95e2.82 (bs,1H), 2.88e2.78 (m,1H), 2.69 (dd, J¼ 13.5, 6.1 Hz,1H);
13C NMR (150MHz, CDCl3) d 175.04, 156.69, 155.68, 142.28, 142.21,
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139.35, 139.33, 138.37, 135.77, 133.78, 132.54, 130.97, 129.73, 129.09,
129.01 (2 C), 128.54 (2 C), 128.02, 127.66, 126.92, 126.57, 126.32,
117.18, 116.66, 94.41, 63.20, 59.24, 56.20, 45.62, 31.39 ppm; ESI-MS:
m/z ¼ 546 [MþH]þ.

5.3.46. 3-Hydroxy-N-(4-hydroxyphenyl)eN-phenyl-2-(2-((phenyl
sulfonyl) methyl) benzyl) propanamide (2m)
Light yellow solid; 86% yield; M.P.:110.2e110.8 �C; IR (neat): bs
3510, 2986, 2934, 2838, 2850, 1701, 1630, 1511, 1448, 1309, 1148,
831 cm�1; 1H NMR (600MHz, MeOD) d 7.89 (s, 1H), 7.75e7.58 (m,
3H), 7.52 (t, J¼ 7.6 Hz, 2H), 7.34 (t, J¼ 7.2 Hz,1H), 7.29e7.20 (m, 4H),
7.15 (d, J¼ 7.2 Hz, 2H), 7.08 (dd, J¼ 20.8, 7.5 Hz, 1H), 6.99 (d,
J¼ 7.8 Hz, 1H), 6.80 (d, J¼ 8.6 Hz, 1H), 6.71e6.55 (m, 3H), 4.59 (s,
1H), 4.44 (dd, J¼ 30.1, 14.2 Hz, 1H), 4.28 (dd, J¼ 32.0, 14.2 Hz, 1H),
3.79 (t, J¼ 8.9 Hz, 1H), 3.52 (dd, J¼ 9.8, 6.8 Hz, 1H), 3.04e2.90 (m,
1H), 2.76e2.59 (m, 2H); 13C NMR (150MHz, MeOD) d 176.21,158.43,
144.23, 141.19, 139.66, 135.12, 134.94, 133.98, 132.21, 130.87, 130.48,
130.23 (2 C), 129.98, 129.64 (2 C), 129.58, 129.05, 128.87, 128.38,
127.90,127.71,127.67,116.90,116.59, 64.81, 59.88, 48.84, 33.20 ppm;
HRMS-ESI (m/z): Calculated for C29H28NO3S (MþH)þ: 502.1688,
Found: 502.1687.

5.3.47. 5-Phenyl-3-(2-((phenylsulfonyl) methyl) benzyl)-1-oxa-5-
azaspiro [5.5] undeca-7, 10-diene-4, 9-dione (1m)
White liquid; 70% yield; purity 98.2%; IR (neat): 2960, 2952,
2853, 1743, 1678, 1446, 1318, 1085, 790 cm�1; 1H NMR (600MHz,
CDCl3) d 7.78 (d, J¼ 7.0 Hz, 2H), 7.63 (t, J¼ 6.5 Hz, 1H), 7.50 (d,
J¼ 7.4 Hz, 2H), 7.41e7.27 (m, 5H), 7.25e7.16 (m, 2H), 7.05 (s, 2H),
6.98 (d, J¼ 10.1 Hz, 1H), 6.91 (d, J¼ 10.0 Hz, 1H), 6.10e6.06 (m, 2H),
4.53 (s, 2H), 4.20 (d, J¼ 11.9 Hz, 1H), 4.03 (d, J¼ 11.5 Hz, 1H), 3.31 (d,
J¼ 12.4 Hz, 1H), 3.04e2.92 (m, 2H); 13C NMR (150MHz, CDCl3)
d 183.88, 169.82, 143.87, 143.35, 138.89, 138.63, 136.32, 133.88,
132.93,130.58,129.95 (3 C), 129.85, 129.31, 129.14 (2 C), 129.10 (2 C),
128.54 (2 C), 127.20 (2 C), 126.82, 83.37, 62.91, 59.33, 43.46,
31.61 ppm; HRMS-ESI (m/z): Calculated for C29H26NO5S (MþH)þ:
500.1532, Found: 500.1518.
5.3.48. Methyl 2-(3, 5-bis (trifluoromethyl) benzyl)-3-((4-
(methoxymethoxy) phenyl) (phenyl) amino)-3-oxopropanoate (10n)

1H NMR (600MHz, CDCl3) d 7.82 (s, 1H), 7.60 (d, J¼ 18.8 Hz, 2H),
7.34e7.27 (m, 3H), 7.16 (t, J¼ 7.3 Hz, 1H), 7.07 (d, J¼ 7.8 Hz, 1H),
7.01e6.77 (m, 4H), 5.19e5.10 (m, 2H), 3.83 (dd, J¼ 10.3, 4.8 Hz, 1H),
3.78 (s, 3H), 3.51e3.40 (m, 4H), 3.37e3.28 (m, 1H); 13C NMR
(150MHz, CDCl3) d 169.08, 167.96, 157.16, 141.94, 140.97, 135.55,
131.94, 131.72, 129.90, 129.66, 128.96 (2 C), 128.29, 127.36, 126.62,
126.00 (2 C), 124.14, 122.33, 120.86, 117.23, 116.61, 94.41, 56.17,
52.84, 50.98, 34.99 ppm; ESI-MS: m/z ¼ 556 [MþH]þ.

5.3.49. 2-(3, 5-Bis (trifluoromethyl) benzyl)-3-hydroxy-N-(4-
(methoxymethoxy) phenyl)eN-phenylpropanamide (11n)

1H NMR (600MHz, CDCl3) d 7.79 (s, 1H), 7.50 (d, J¼ 28.7 Hz, 2H),
7.30 (dd, J¼ 12.5, 4.8 Hz, 2H), 7.18 (t, J¼ 7.4 Hz, 1H), 7.07 (d,
J¼ 7.7 Hz, 1H), 7.02e6.68 (m, 5H), 5.20e5.10 (m, 2H), 3.87 (d,
J¼ 10.9 Hz, 1H), 3.82e3.72 (m, 1H), 3.46 (d, J¼ 26.4 Hz, 3H),
3.24e3.17 (m, 1H), 3.09e2.99 (m, 1H), 3.00e2.91 (m, 1H), 2.86 (t,
J¼ 7.4 Hz, 1H); 13C NMR (150MHz, CDCl3) d 174.30, 157.05, 141.99,
141.71, 135.56, 131.88, 131.66, 129.88, 129.48 (2 C), 129.03 (2 C),
128.28, 127.51, 126.70, 126.17 (2 C), 124.15, 120.62, 117.20, 116.68,
94.43, 63.28, 56.15, 46.02, 35.21 ppm; ESI-MS: m/z ¼ 428 [MþH]þ.

5.3.50. 2-(3, 5-Bis (trifluoromethyl) benzyl)-3-hydroxy-N-(4-
hydroxyphenyl)eN-phenylpropanamide (2n)

White solid; 89% yield; M.P.:177.1e177.8 �C; IR (neat): bs 3520,
2987, 2946, 2838, 2826, 1704, 1639, 1593, 1361, 1129, 762 cm�1; 1H
NMR (600MHz, MeOD) d 7.93 (s, 1H), 7.73 (s, 1H), 7.69 (s, 1H), 7.27
(dd, J¼ 10.7, 4.9 Hz, 3H), 7.17 (t, J¼ 7.4 Hz, 1H), 7.05e6.95 (m, 1H),
6.82 (d, J¼ 8.8 Hz, 1H), 6.73e6.57 (m, 3H), 3.94e3.88 (m, 1H), 3.64
(dd, J¼ 10.6, 6.1 Hz, 1H), 3.21e3.06 (m, 1H), 3.03e2.90 (m, 2H); 13C
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NMR (150MHz, MeOD) d 175.64, 158.76, 144.18, 144.16, 134.87,
132.99, 132.77, 131.07, 130.71, 130.00 (2 C), 129.47, 129.05, 127.80,
127.69 (2 C), 125.82, 124.02, 121.55, 117.13, 116.61, 64.78, 49.18,
36.39 ppm; HRMS-ESI (m/z): Calculated for C24H20NO3F6 (MþH)þ:
484.1347, Found: 484.1348.

5.3.51. 3-(3, 5-Bis (trifluoromethyl) benzyl)-5-phenyl-1-oxa-5-
azaspiro [5.5] undeca-7,10-diene-4,9-dione (1n)

White liquid; 78% yield; purity 98.2%; IR (neat): 2955, 2918,
2856, 1702, 1636, 1390, 1354, 1072, 918, 760, 734 cm�1; 1H NMR
(600MHz, CDCl3) d 7.82 (s, 1H), 7.76 (s, 2H), 7.36e7.29 (m, 3H),
7.05e6.98 (m, 2H), 6.94 (dd, J¼ 10.0, 3.1 Hz, 1H), 6.74 (dd, J¼ 10.0,
2.8 Hz, 1H), 6.07 (t, J¼ 10.3 Hz, 2H), 4.23 (dd, J¼ 12.3, 5.1 Hz, 1H),
4.03 (dd, J¼ 12.2, 6.7 Hz,1H), 3.43 (dd, J¼ 14.0, 4.3 Hz,1H), 3.21 (dd,
J¼ 14.0, 8.8 Hz, 1H), 3.15e3.07 (m, 1H); 13C NMR (150MHz, CDCl3)
d 183.68, 168.93, 143.36, 142.95, 140.91, 136.08, 132.38, 132.16,
131.94, 131.72, 130.05, 129.81, 129.48, 129.46, 129.23, 129.21, 125.92,
124.11, 122.30, 121.03, 83.43, 62.93, 43.23, 34.55 ppm; HRMS-ESI
(m/z): Calculated for C24H18NO3F6 (MþH)þ: 482.1191, Found:
482.1188.

5.3.52. Methyl 2-(3, 5-dimethylbenzyl)-3-((4-(methoxymethoxy)
phenyl) (phenyl) amino)-3-oxopropanoate (10o)

1H NMR (600MHz, CDCl3) d 7.30e7.19 (m, 3H), 7.16e7.06 (m,
2H), 6.99 (d, J¼ 8.3 Hz, 1H), 6.95e6.85 (m, 3 H), 6.74 (d, J¼ 19.5 Hz,
3H), 5.12 (d, J¼ 24.2 Hz, 2H), 3.75 (d, J¼ 17.5 Hz, 4H), 3.45 (d,
J¼ 31.5 Hz, 3H), 3.25 (t, J¼ 7.4 Hz, 1H), 3.11 (d, J¼ 8.5 Hz, 1H), 2.30
(s, 6H); 13C NMR (150MHz, CDCl3) d 169.94, 169.08, 156.75, 142.45,
137.93, 136.32, 136.00, 130.02, 129.31, 128.80, 128.74, 128.27 (2 C),
127.86, 127.63, 127.34 (2 C), 126.25, 116.68, 116.49, 94.42, 56.15,
52.52, 51.39, 35.39, 21.20 (2 C) ppm; ESI-MS: m/z ¼ 448 [MþH]þ.

5.3.53. 2-(3, 5-Dimethylbenzyl)-3-hydroxy-N-(4-
(methoxymethoxy) phenyl)eN-phenylpropanamide (11o)

1H NMR (600MHz, CDCl3) d 7.33e7.24 (m, 3H), 7.16 (s, 1H),
7.05e6.84 (m, 4H), 6.83e6.72 (m, 1H), 6.64 (d, J¼ 27.0 Hz, 3H), 5.14
(d, J¼ 21.4 Hz, 2H), 3.79 (s, 2H), 3.46 (d, J¼ 27.4 Hz, 3H), 2.98 (bs,
3H), 2.70 (s, 1H), 2.28 (s, 6H); 13C NMR (150MHz, CDCl3) d 175.82,
156.83,142.72,138.99,138.04,136.55,130.18,129.56,129.09,128.94,
128.21 (2 C), 127.97, 127.88, 127.39, 127.37, 126.63, 116.95, 116.77,
94.63, 63.92, 56.32, 46.59, 35.86, 21.38 (2 C) ppm; ESI-MS: m/
z ¼ 420 [MþH]þ.

5.3.54. 2-(3, 5-Dimethylbenzyl)-3-hydroxy-N-(4-hydroxyphenyl)
eN-phenylpropanamide (2o)

White solid; 92% yield; M.P.:208.4e208.9 �C; IR (neat): bs 3495,
2975, 2918, 2852, 1631, 1511, 1235, 1056, 707 cm�1; 1H NMR
(600MHz, MeOD) d 7.31e7.20 (m, 3H), 7.16 (t, J¼ 7.3 Hz, 1H), 7.06
(d, J¼ 7.9 Hz, 2H), 6.94 (s, 1H), 6.86 (d, J¼ 8.5 Hz, 1H), 6.71e6.57 (m,
4H), 3.90e3.82 (m, 1H), 3.65e3.54 (m, 1H), 3.13e2.93 (m, 1H),
2.75e2.59 (m, 2H), 2.31 (s, 6H);13C NMR (150MHz, MeOD) d 176.84,
158.38, 144.60, 140.30, 139.09, 135.98, 135.22, 131.20, 130.23, 129.94
(2 C), 129.28, 128.98, 128.70, 128.43, 127.95, 127.63, 116.68, 116.55,
65.06, 49.53, 37.02, 21.45 (2 C) ppm; HRMS-ESI (m/z): Calculated for
C24H26NO3 (MþH)þ: 376.1913, Found: 376.1912.

5.3.55. 3-(3, 5-Dimethylbenzyl)-5-phenyl-1-oxa-5-azaspiro [5.5]
undeca-7, 10-diene-4, 9-dione (1o)

White liquid; 82% yield; purity 98.0%; IR (neat): 2921, 2848,
2918, 1689, 16431406, 1379, 1116, 868, 758, 713 cm�1; 1H NMR
(600MHz, CDCl3) d 7.35e7.28 (m, 3H), 7.03 (d, J¼ 1.6 Hz, 2H),
6.97e6.87 (m, 4H), 6.72 (d, J¼ 10.3 Hz, 1H), 6.04 (d, J¼ 9.9 Hz, 2H),
4.16 (d, J¼ 12.2 Hz, 1H), 4.09e4.01 (m, 1H), 3.23 (d, J¼ 11.5 Hz, 1H),
3.07e2.95 (m, 2H), 2.32 (s, 6H);13C NMR (151MHz, CDCl3) d 183.88,
169.86, 143.79, 143.67, 138.16 (2 C), 137.84, 136.43, 129.83, 129.65,
129.60, 129.00 (2 C), 128.91 (2 C), 128.37, 127.09 (2 C), 83.10, 63.02,
43.36, 34.70, 21.20 (2 C); HRMS-ESI (m/z): Calculated for C24H24NO3
(MþH)þ: 374.1756, Found: 376.1764.

5.3.56. Methyl 3-((4-(methoxymethoxy) phenyl) (phenyl) amino)-
2-(2-nitro-4-(trifluoromethyl) benzyl)-3-oxopropanoate (10p)

1H NMR (600MHz, CDCl3) d 8.27 (d, J¼ 4.2 Hz, 1H), 7.84 (dd,
J¼ 8.0, 1.0 Hz, 1H), 7.71 (d, J¼ 8.0 Hz, 1H), 7.29 (m, 3H), 7.17 (t,
J¼ 7.4 Hz, 1H), 7.12 (d, J¼ 7.8 Hz, 1H), 7.03 (d, J¼ 8.8 Hz, 1H),
6.99e6.80 (m, 3H), 5.17e5.10 (m, 2H), 4.14e4.10 (m, 1H), 3.75 (s,
3H), 3.70e3.62 (m,1H), 3.56e3.51 (m,1H), 3.45 (d, J¼ 20.5 Hz, 4H);
13C NMR (150MHz, CDCl3) d 169.11, 168.13, 157.07, 149.14, 142.10,
137.70, 135.15, 129.86, 129.50, 129.00 (2 C), 128.19, 127.32, 125.94
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(2 C), 123.67, 122.35, 121.87, 117.23, 116.65, 94.38, 56.16, 52.83,
49.52, 49.46, 32.86 ppm; ESI-MS: m/z ¼ 533 [MþH]þ.

5.3.57. 3-Hydroxy-N-(4-(methoxymethoxy) phenyl)-2-(2-nitro-4-
(trifluoromethyl) benzyl)eN-phenylpropanamide (11p)

1H NMR (600MHz, CDCl3) d 8.22 (d, J¼ 3.1 Hz, 1H), 7.84 (dd,
J¼ 8.0, 1.3 Hz, 1H), 7.69 (t, J¼ 7.4 Hz, 1H), 7.34e7.26 (m, 2H), 7.19 (t,
J¼ 7.4 Hz, 1H), 7.12 (d, J¼ 7.8 Hz, 1H), 7.00 (d, J¼ 19.5 Hz, 2H), 6.85
(m, 3H), 5.14 (d, J¼ 15.4 Hz, 2H), 3.87 (d, J¼ 10.9 Hz, 1H), 3.79e3.72
(m, 1H), 3.45 (d, J¼ 22.4 Hz, 4H), 3.36e3.28 (m, 1H), 3.27e3.21 (m,
1H), 2.88 (t, J¼ 8.5 Hz, 1H); 13C NMR (150MHz, CDCl3) d 174.47,
156.89, 155.74, 149.11, 141.83, 138.42, 134.65 (2 C), 129.86, 129.37,
128.22, 128.03, 127.49, 126.68, 126.15, 123.70, 122.40, 121.90, 117.28,
116.70, 94.41, 63.64, 56.13, 44.19, 32.85 ppm; ESI-MS: m/z ¼ 505
[MþH]þ.

5.3.58. 3-Hydroxy-N-(4-hydroxyphenyl)-2-(2-nitro-4-
(trifluoromethyl) benzyl)eN-phenylpropanamide (2p)

Yellow solid; 78% yield; M.P.:180.0e180.9 �C; IR (neat): bs 3515,
2960, 2927, 2854, 1678, 1637, 1538, 1392, 1355, 1325, 1136,
733 cm�1; 1H NMR (600MHz, MeOD) d 8.31 (d, J¼ 7.1 Hz, 1H),
8.05e8.01 (m,1H), 7.66 (t, J¼ 7.6 Hz,1H), 7.30 (t, J¼ 7.9 Hz,1H), 7.24
(m, 2H), 7.18 (t, J¼ 7.4 Hz, 1H), 7.10 (d, J¼ 7.5 Hz, 1H), 6.91 (d,
J¼ 8.8 Hz, 1H), 6.76e6.53 (m, 3H), 3.89 (dd, J¼ 10.6, 8.2 Hz, 1H),
3.66 (dd, J¼ 10.6, 5.6 Hz, 1H), 3.37e3.31 (m,1H), 3.30e3.24 (m,1H),
3.08 (dd, J¼ 12.7, 10.4 Hz, 1H); 13C NMR (150MHz, MeOD) d 175.71,
158.61, 150.82, 144.26, 140.07, 135.77, 134.84, 130.67, 130.04, 129.11,
129.03, 127.74 (2 C), 125.46, 123.66, 123.42, 117.11, 116.66, 65.11,
48.76, 48.61, 47.50, 33.83 ppm; HRMS-ESI (m/z): Calculated for
C23H19N2O5F3 (MþH)þ: 461.1324, Found: 461.1318.

5.3.59. 3-(2-Nitro-4-(trifluoromethyl) benzyl)-5-phenyl-1-oxa-5-
azaspiro [5.5] undeca-7, 10-diene-4, 9-dione (1p)

Yellow liquid; purity 96.5%; 64% yield; IR (neat): 3331, 2946,
2834, 1647, 1450, 1327, 1020, 916, 762, 696 cm�1; 1H NMR
(600MHz, CDCl3) d 8.30 (d, J¼ 0.9 Hz, 1H), 7.82 (dd, J¼ 8.1, 1.5 Hz,
1H), 7.77 (d, J¼ 8.1 Hz, 1H), 7.37e7.31 (m, 3H), 7.09 (dd, J¼ 10.3,
3.2 Hz, 1H), 7.06e70.2 (m, 2H), 6.94 (d, J¼ 3.2 Hz, 1H), 6.15 (dd,
J¼ 10.3, 2.0 Hz, 1H), 6.09 (dd, J¼ 10.2, 2.0 Hz, 1H), 4.43 (dd, J¼ 12.1,
5.1 Hz, 1H), 4.21 (dd, J¼ 12.1, 6.9 Hz, 1H), 3.74 (dd, J¼ 13.5, 8.0 Hz,
1H), 3.26 (dd, J¼ 13.5, 5.9 Hz, 1H), 3.23e3.13 (m, 1H); 13C NMR
(150MHz, CDCl3) d 183.78, 169.20, 149.09, 143.51, 143.22, 138.41,
136.00, 134.36, 130.79, 130.57, 130.07, 130.05, 129.90, 129.61, 129.58,
129.20, 129.17, 122.46, 122.44, 83.53, 64.10, 43.41, 32.16 ppm;
HRMS-ESI (m/z): Calculated for C23H18N2O5F3 (MþH)þ: 459.1168,
Found: 459.1165.

5.3.60. Methyl 2-(2-fluoro-6-(trifluoromethyl) benzyl)-3-((4-
(methoxymethyl) phenyl) (phenyl) amino)-3-oxopropanoate (10q)

1H NMR (600MHz, CDCl3) d 7.42 (t, J¼ 7.7 Hz, 1H), 7.32 (dd,
J¼ 34.3, 6.7 Hz, 2H), 7.20 (m, 5H), 6.97 (d, J¼ 8.6 Hz, 1H), 6.92e6.73
(m, 3H), 5.13 (s, 2H), 3.91 (t, J¼ 7.2 Hz, 1H), 3.41 (d, J¼ 6.2 Hz, 1H)
3.67 (s, 3H), 3.61e3.54 (m, 1H), 3.44 (d, J¼ 7.7 Hz, 4H), 3.41 (d,
J¼ 6.2 Hz, 1H); 13C NMR (150MHz, CDCl3) d 169.58, 168.44, 162.85,
142.40, 142.08, 135.59, 129.79, 129.66, 128.84 (2 C), 128.52 (2 C),
128.46, 127.36, 126.17, 125.93 (2 C), 122.17, 119.15, 119.00, 117.07,
94.32, 60.43, 52.59, 49.94, 25.34 ppm; ESI-MS: m/z ¼ 506 [MþH]þ.

5.3.61. 2-(2-Fluoro-6-(trifluoromethyl) benzyl)-3-hydroxy-N-(4-
(methoxymethyl) phenyl)eN-phenylpropanamide (11q)

1H NMR (600MHz, CDCl3) d 7.40 (t, J¼ 8.1 Hz, 1H), 7.33 (m, 3H),
7.26e7.06 (m, 5H), 6.98 (d, J¼ 8.7 Hz, 1H), 6.79 (d, J¼ 44.8 Hz, 2H),
5.13 (q, J¼ 6.9 Hz, 2H), 3.89 (m,1H), 3.77 (d, J¼ 10.8 Hz,1H), 3.45 (d,
J¼ 11.9 Hz, 3H), 3.43e3.35 (m,1H), 3.22 (bs,1H), 2.90 (d, J¼ 14.3 Hz,
2H); 13C NMR (150MHz, CDCl3) d 174.60, 162.47, 142.17, 141.91,
135.50, 129.38, 129.22 (2 C), 128.62 (2 C), 128.16, 127.99, 172.241,
127.93, 125.87, 121.92, 118.89, 118.74, 116.67, 116.31, 94.03, 64.25,
55.70, 43.81, 25.55 ppm; ESI-MS: m/z ¼ 478 [MþH]þ.

5.3.62. 2-(2-Fluoro-6-(trifluoromethyl) benzyl)-3-hydroxy-N-(4-
hydroxyphenyl)eN-phenylpropanamide (2q)

White solid; 78% yield; M.P.:143.3e143.9 �C; IR (neat): bs 3495,
2962, 2928, 2850, 1640, 1592, 1512, 1316, 1168, 1114, 833, 965 cm�1;
1H NMR (600MHz, MeOD) d 7.89 (s, 1H), 7.53e7.47 (m, 2H),
7.43e7.39 (m, 1H), 7.31 (t, J¼ 7.9 Hz, 2H), 7.24e7.14 (m, 4H), 7.03 (d,
J¼ 8.8 Hz,1H), 6.73 (d, J¼ 8.8 Hz,1H), 6.59 (s,1H), 3.93 (m,1H), 3.54
(m, 1H), 3.27e3.21 (m, 1H), 3.20e3.13 (m, 1H), 2.83 (t, J¼ 10.9 Hz,
1H); 13C NMR (150MHz, MeOD) d 175.88, 163.88, 158.01, 157.04,
144.17, 134.77, 130.13, 129.71, 129.58 (2 C), 128.76, 128.35, 127.38
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(2 C), 127.18, 123.09, 120.33, 120.17, 116.58, 116.22, 64.80, 46.55,
26.15 ppm; HRMS-ESI (m/z): Calculated for C23H20NO3F4 (MþH)þ:
434.1379, Found: 434.1378.

5.3.63. 3-(2-Fluoro-6-(trifluoromethyl) benzyl)-5-phenyl-1-oxa-5-
azaspiro [5.5] undeca-7, 10-diene-4, 9-dione (1q)

White liquid; 64% yield; purity 97.2%; IR (neat): 2958, 2917,
2849, 1678, 1635, 1467, 1392, 1316, 1115, 768, 697 cm�1;1H NMR
(600MHz, CDCl3) d 7.48 (d, J¼ 7.8 Hz, 1H), 7.35 (m, 1H), 7.31e7.26
(m, 4H), 7.11e7.03 (m, 3H), 6.95 (dd, J¼ 10.2, 3.2 Hz, 1H), 6.10 (dd,
J¼ 10.2, 2.0 Hz, 1H), 6.06 (dd, J¼ 10.2, 2.0 Hz, 1H), 4.15 (m, 2H), 3.74
(m,1H), 3.22e3.15 (m,1H), 3.07 (m,1H); 13C NMR (150MHz, CDCl3)
d 183.96, 168.85, 161.22, 143.79, 136.30, 130.09 (2 C), 129.88 (2 C),
129.04 (3 C), 129.00, 128.65, 128.59, 124.70, 122.19, 119.23, 119.07,
83.44, 63.97, 42.36, 25.26 ppm; HRMS-ESI (m/z): Calculated for
C23H18NO3F4 (MþH)þ: 432.1223, Found: 432.1234.

5.3.64. Methyl 2-(2-chloro-5-(trifluoromethyl) benzyl)-3-((4-
(methoxymethoxy) phenyl) (phenyl) amino)-3-oxopropanoate (10r)

1H NMR (600MHz, CDCl3) d 7.68 (s, 1H), 7.53 (d, J¼ 7.4 Hz, 1H),
7.46 (t, J¼ 7.4 Hz, 3H, 1H, 1H), 7.30 (m, 3H), 7.17 (t, J¼ 7.4 Hz, 1H),
7.10 (d, J¼ 7.8 Hz, 1H), 6.98 (m, 3H), 5.16 (d, J¼ 30.2 Hz, 2H),
4.09e4.02 (m, 1H), 3.79 (s, 3H), 3.52e3.36 (m, 5H); 13C NMR
(150MHz, CDCl3) d 169.37, 168.34, 156.89, 155.62, 142.05, 138.46,
136.89, 135.66, 130.01, 129.71, 129.56, 128.87 (2 C), 128.29, 127.48,
126.50, 126.11 (2 C), 125.20, 117.10, 116.55, 94.36, 56.10, 52.73, 48.01,
33.51 ppm; ESI-MS: m/z ¼ 522 [MþH]þ.

5.3.65. 2-(2-Chloro-5-(trifluoromethyl) benzyl)-3-hydroxy-N-(4-
(methoxymethoxy) phenyl)eN-phenylpropanamide (11r)

1H NMR (600MHz, CDCl3) d 7.57 (d, J¼ 10.3 Hz, 1H), 7.48 (dd,
J¼ 8.3, 2.0 Hz, 1H), 7.44e7.37 (m, 1H), 7.33e7.26 (m, 3H), 7.17 (t,
J¼ 7.4 Hz, 1H), 7.10 (d, J¼ 7.7 Hz, 1H), 7.06e6.67 (m, 4H), 5.14 (d,
J¼ 23.4 Hz, 2H), 3.88e3.81 (m, 1H), 3.79 (m, 1H), 3.45 (d,
J¼ 26.9 Hz, 3H), 3.26 (ddd, J¼ 10.0, 8.3, 3.6 Hz, 1H), 3.20e3.13 (m,
1H), 3.07e3.01 (m, 1H), 2.98 (bs, 1H); 13C NMR (150MHz, CDCl3)
d 174.75, 156.67, 155.66, 142.09, 138.36, 137.66, 135.90, 130.00,
129.64, 128.91 (2 C), 128.48, 128.26, 127.58, 126.25 (2 C), 124.86,
124.51, 117.06, 116.58, 94.30, 63.65, 56.01, 42.98, 33.66 ppm; ESI-
MS: m/z ¼ 494 [MþH]þ.
5.3.66. 2-(2-Chloro-5-(trifluoromethyl) benzyl)-3-hydroxy-N-(4-
hydroxyphenyl)eN-phenylpropanamide (2r)

Yellow solid; 85% yield; M.P.:188.5e189.4 �C; IR (neat): bs 3485,
2968, 2917, 2849, 1711, 1703, 1591, 1491, 1322, 1122, 1081, 1054, 827,
728 cm�1; 1H NMR (600MHz, MeOD) d 7.61e7.58 (m, 3H),
7.32e7.26 (m, 3H), 7.17 (dd, J¼ 9.3, 1H), 7.09e7.04 (m, 2H), 6.86 (d,
J¼ 8.8 Hz,1H), 6.68 (d, J¼ 8.8 Hz, 2H), 3.97e3.85 (m,1H), 3.73e3.51
(m, 1H), 3.39e3.31 (m, 1H), 3.04 (m, 1H), 2.97e2.86 (m, 1H); 13C
NMR (150MHz, MeOD) d 174.52, 157.17, 156.12, 142.84, 138.12,
133.48, 130.30, 129.22, 128.87, 128.52 (2 C), 128.11, 127.68, 127.51,
126.34 (2 C), 126.31, 124.88, 115.65, 115.12, 63.49, 44.81, 33.30 ppm;
HRMS-ESI (m/z): Calculated for C23H20NO3ClF3 (MþH)þ: 450.1084,
Found: 450.1075.

5.3.67. 3-(2-chloro-5-(trifluoromethyl) benzyl)-5-phenyl-1-oxa-5-
azaspiro [5.5] undeca-7, 10-diene-4, 9-dione (1r)

White liquid; 72% yield; purity 96.8%; IR (neat): 2918, 2850,
1678, 1635, 1545, 1494, 1392, 1326, 1168, 1125, 1082, 733 cm�1, 1H
NMR (600MHz, CDCl3) d 7.65 (d, J¼ 1.7 Hz, 1H), 7.56 (d, J¼ 8.4 Hz,
1H), 7.53e7.49 (m, 1H), 7.37e7.31 (m, 3H), 7.08e7.05 (m, 2H), 6.94
(dd, J¼ 10.3, 3.2 Hz, 1H), 6.89 (dd, J¼ 10.4, 3.2 Hz, 1H), 6.12e6.07
(m, 2H), 4.23 (dd, J¼ 12.2, 5.0 Hz, 1H), 4.13 (dd, J¼ 12.2, 6.9 Hz, 1H),
3.62 (dd, J¼ 12.7, 3.7 Hz, 1H), 3.24e3.15 (m, 2H); 13C NMR
(150MHz, CDCl3) d 183.95, 169.35, 143.91, 143.30, 138.37, 137.55,
136.36, 130.53, 130.09, 130.09, 130.06 (2 C), 129.29 (2 C), 129.14,
128.39, 125.34, 124.87, 120.38, 83.56, 63.37, 42.67, 32.21 ppm;
HRMS-ESI (m/z): Calculated for C23H18NO3F3Cl (MþH)þ: 447.0858,
Found: 447.0862.

5.4. Biology

5.4.1. General
Dulbecco's modified Eagle medium (DMEM), penicillin strep-

tomycin (PS) and fetal bovine serum (FBS) were purchased from
Invitrogen (Carlsbad, CA, USA). Griess reagent, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) re-
agent and dimethyl sulfoxide (DMSO), Lipopolysaccharide (LPS),
Donepezil, (�) scopolamine hydro bromide and All other chemicals
and reagents were purchased from Sigma Chemical (St. Louis, MO,
USA). All other materials were obtained from normal commercial
sources and were of the highest grade available.

5.4.2. Mice experiments and maintenance
Male ICR mice (Orient Bio, Seoul, Korea), weighing 25e30 g and

aged 6 weeks, were used. Animals were housed 4 or 5 per cage, had
free access to food and water, and maintained at temperature
(23± 1 �C) and humidity (60± 10%) environment under 12 h of
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darkness (from 19:00 to 7:00) and 12 h of light (7:00 to 19:00).
Animal care in accordance with the Principle of Laboratory Animal
Care (GIACUC-R2017016) and the Animal Care and Use Guidelines
of Gachon University, Korea.

5.4.3. Ethical regulation of laboratory animals
This study was conducted with the approval of the institution

animal care committee, this work was done in the Gachon Uni-
versity, Centre of Animal Care and Use (CACU), Lee Gil Ya Cancer
and Diabetes Institute, Korea.

5.4.4. Y-maze test
The Y-maze test was administered to assess spatial perception. A

20-cm-long, 5-cm-wide, 10-cm-high Y-shaped maze was prepared.
The three arms of the maze were designated A, B, and C. The mouse
was dropped at the centre of the Y-maze for 2min for habituation
after which it was observed for 8min during which the number of
times it made a full entry (from nose to tail) into each arm was
recorded. If themouse entered three different arms consecutively, 1
point was given for each arm entered. If the entries were not
consecutive, no points were given. Alternation behaviour was
defined as three consecutive entries into three different arms of the
maze. Spatial perception ability was calculated according to the
formula below [109].

Voluntary alternation behaviour rate (%)¼ [(Nalternation)/(Nentries -
2)]� 100

where Nalternations is the number of times the alternation behaviour
was observed (scored by points), and Nentries is the total number of
arm entries.

5.4.5. Cell culture
BV-2 microglial cells were purchased from the Korean Cell Line

Bank, Seoul, Korea. BV-2 cells were cultured in Dulbecco's modified
Eagle's medium (DMEM) containing 10% fetal bovine serum (FBS),
1% penicillin (1� 105 U/L) and streptomycin (100mg/mL) at a
temperature of 37 �C in a humidified incubator with 5% CO2, ac-
cording to the method described by Hwang et al.

5.4.6. Cell viability assay
A Tetrazolium bromide reduction MTT assay was used to mea-

sure cell viability according to the method described by Hwang
et al. (Hwang et al., 2016). 96-well plate was used to culture the cell
with different concentration of samples with lipopolysaccharide
(LPS). After 24 h, media were removed from each well. Cells were
incubated for 1 h after adding MTT solution to each well. After in-
cubation, the MTT solution was removed, and dimethyl sulfoxide
(DMSO, 150 mL) was added. The absorbance was measured spec-
trophotometrically at 570 nm.

5.4.7. Measurement of NO production induced by LPS in BV-2 cells
The inhibitory effect of compounds on LPS-induced BV-2 cells

NO was evaluated in according to the method described by Han
et al. (Han et al., 2016), with some modification. In 96-well plate,
cells at a density of 4� 104 were seeded and pre-treated of samples,
followed by LPS activation for 24 h. The NO level was measured in
culture media using Gries reagent. 50 mL of conditioned medium
was mixed with 50 mL of Gries reagent and absorbance was
detected at 540 nm.

5.4.8. Statistical analysis
SPSS statistics software was used for statistical analysis and the

data was expressed as a mean± standard error of the mean (SEM).
For comparison of differences among multiple groups, one-way
analysis of variance (ANOVA) followed by Tukey's honest signifi-
cance test was used. The differences among the multiple groups
were considered significant at p< 0.05, p< 0.01, and p< 0.001.

5.5. Biochemical kinase assays

The selectivity of compound 1nwas investigated against a panel
of 369 kinases (Reaction Biology Corp). The radiolabelled ATP
([g-33P] ATP) replaced a substrate with 33P-phosphorylated sub-
strate so that the activity of a kinase was measured from the radi-
olabelled phosphorylated substrate. Compound 1n was tested at
30 mM, against an ATP concentration of 10 mM and a substrate
concentration of 10 mM. Control Compound Staurosporine was
tested in 10-dose IC50 modewith 4-fold serial dilution starting at 20
or 100 mM. Alternate Control Compounds were tested in 10-dose
IC50 mode with 3 or 4-fold serial dilution starting at 10, 20, or
100 mM. Curve fits of control compounds were performed where
the enzyme activities at the highest concentration of compounds
were less than 65%. The concentration of DMSO was controlled and
raw data, % Enzyme activity was calculated relative to DMSO
controls.

5.6. Molecular docking studies

3D conformation of the compound 1n was generated using
Open eye OMEGA and representative conformers of the compound
1nwere sampled through in-house code to get efficient query [110].
Every ligand of deposited 34 JNK1PDBs was downloaded and 3D-
shape of the X-ray conformers were compared with the shape of
the compound 1n using Open eye ROCS. After the calculation, two
low similar PDBs (4E73 and 4WHZ), three moderate similar PDBs
(4IZY, 2H96 and 1UKI) and highest similar (2G01, sim¼ 0.456) were
selected according to 3D similarity of X-ray ligands against the
query compound. The selected PDBs were prepared using protein
preparation for docking simulations. After the preparation, grid of 6
PDBs were generated under default condition except for H-bond
constraint of hinge residue using Glide and then docking of every
available x-ray ligand and our test compound were conducted
under the condition of SP docking scoring, flexible docking, H-bond
constraint (within only post-minimization) with writing residue
contribution within 12 Å from grid centers. The best docking result
of the test compound was chosen able to show the least deviation
between redocking score of a used PDB ligand and docking score of
our test compound.
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