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naphthoxocine derivatives†
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and El-Sayed Ibrahim El-Desoky *a

A new promising protocol has been developed for the synthesis of scarce oxocine derivatives 3a–e and 6

through addition of amine-based nucleophiles such as hydroxylamine hydrochloride, primary amine and

hydrazide to chromonylidene benzothiazol-2-ylacetonitrile 2 in refluxing dioxane under metal free

reaction conditions in moderate to good yields. Other nitrogen nucleophiles such as piperidine,

hydrazine and thiosemicarbazide failed to afford the corresponding oxocinols, and instead pyridine

derivatives 7, 8 and 10 were obtained exclusively. Predictive study for the biological activities using PASS

(prediction of activity spectra for biologically active substances) online software showed optimistic

activities for oxocinols 3a–e in the treatment of cancer, influenza A and microbial infections.

Additionally, DFT studies of oxocine derivatives 3a–e and 6 indicated the presence of required

thermodynamics parameters for the application in dye-sensitized solar cells (DSSCs).
Introduction

The medium sized (7 to 9 membered) cyclic ethers are biologi-
cally interesting as well as challenging organic skeletons due
their occurrence in numerous bioactive natural products in
addition to their complex and macrocyclic structure which
hinder their synthesis.1 In this class of macro- and heterocycles,
oxocine constitutes a common scaffold in different biologically
active natural products such as heliannoul H, acremine G and
protosapannin B in addition to alkaloids such as murraya and
arcyroxocin (Fig. 1).2–8

Consequently, many chemists have paid increased attention
to develop new methodologies in order to build up this prom-
ising scaffold over the last ten years such as (1) retro-Claisen
rearrangement,9 (2) ring closing olen metathesis10 (3) Ni-
catalyzed reductive Heck reaction,6 (4) DABCO-mediated [4+4]
domino annulation of ynone and a-cyano-a,b-unsaturated
ketone,7 (5) Lewis acid promoted acetal–alkene cyclization,11

and others.12–23 However, even in the presence of these various
protocols, many observable drawbacks have been encountered
, Mansoura University, Mansoura-35516,
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tion (ESI) available. See DOI:

05
such as applying drastic conditions, using precious heavy metal
catalysts, needing to have nely designed starting materials and
tedious purication. Therefore, it would be worthy to develop
new cost effective and functional group tolerant synthetic
methodology toward oxocine framework.

In the view of the aforementioned natural occurrence and
biological importance of oxocine heterocyclic compounds, we
herein report our recent ndings in the synthesis of oxocine
derivatives via simple and novel domino nucleophilic addition
of amine-based nucleophiles to chromonylidene benzothiazol-
2-ylacetonitrile 2 affording the corresponding oxocine deriva-
tives 3a–e and 6 in moderate to good yields.
Results and discussion
Chemistry

The acid mediated condensation of formylbenzochromone 1
(ref. 24) with 2-cyanomethyl-1,3-benzothiazole afforded the
corresponding E,Z-mixture of 2-cyano-2-(1,3-benzothoazol-2-yl)-
3-vinylnaphthopyran-4-one (2) in 90% yield (Scheme 1). Under
Fig. 1 Representative examples of biologically active oxocine natural
products.

This journal is © The Royal Society of Chemistry 2019

http://crossmark.crossref.org/dialog/?doi=10.1039/c9ra05154f&domain=pdf&date_stamp=2019-09-05
http://orcid.org/0000-0001-5191-4492
http://orcid.org/0000-0003-4875-5835
http://orcid.org/0000-0001-9453-3219
http://orcid.org/0000-0003-1621-9296
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c9ra05154f
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA009048


Scheme 1 Synthesis and energy-optimized geometrical structures of
E- and Z-chromonylidene 2.

Table 1 Optimization of the reaction conditionsa

Entry Solvent Temp. �C Base Time Yield (%)

1 Ethanol 78 None 12 h NRb

2 1,4-Dioxane 80 None 12 h Trace
3 1,4-Dioxane 101 None 30 min 55
4 Isobutanol 108 None 3 h 30
5 Toluene 111 None 6 h 12
6 Pyridine 115 None 1 h 45
7 TCEc 121 None 12 h NRb

8 DMFd 153 None 12 h NDe
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acidic reaction conditions, equimolar E,Z-mixture of chromo-
nylidene benzothiazol-2-ylacetonitrile 2 was obtained. The
formation of both isomers in almost equal amounts might be
rationalized to the absence of energy barrier between both
isomers due to the presence of bulky 1,3-benzothiazole
heterocyclic moiety. This assumption was further supported by
DFT studies of the optimized geometrical structures of E-2 and
Z-2 as shown in Scheme 1. The calculations were computed by
Gaussian 09 soware using B3LYP as functional energy and 6-
31G (d,p) as a basis set,25–28 revealed the equal energies of both
geometrical isomers (�1532.9 au for E-2 and �1533 au for Z-2).

Based on the skeletal features of the key compound 2, we
hypothesized the pathway shown in Scheme 2 towards oxocine
skeleton. In order to build up this 8-membered heterocycle, our
hypothesis was based upon creating a new connectivity between
the oxygen pro-nucleophile and cyano electrophilic position. In
order to unveil the oxygen nucleophile, the g-pyrone ring has to
be opened using some nucleophile to generate free hydroxyl
group as shown in intermediate B (Pathway a). Aer that, the in
situ generated hydroxyl group will attack cyano group to give the
desired oxocine skeleton. Actually, this process most probably
will be accompanied by various side reactions (for example:
Pathways b and c) due to the presence of different nucleophiles
which can easily attack the cyano group as well.

In order to test the possibility of our hypothesis, we selected the
reaction of chromonylidene benzothiazol-2-ylacetonitrile 2 with
Scheme 2 Working hypothesis.

This journal is © The Royal Society of Chemistry 2019
hydroxylamine hydrochloride to build up the oxocinol heterocycle
3a (Table 1). However, no reaction was observed by boiling 2 with
hydroxylamine hydrochloride in ethanol (Entry 1), trace amount of
the desired product 3a was detected by performing the reaction in
1,4-dioxane at 80 �C (Entry 2). By increasing the temperature to
101 �C, the desired product 3a was isolated in 55% yield (Entry 3).
Additionally, the use of other solvents with increasing boiling
points failed to improve the yield of 3a (Entries 4–8). The attempts
by using different organic and inorganic basic additives failed to
increase the chemical yield as well (Entries 9–13). Moreover, the
use of basic additives promoted different reaction pathways and
leaded to tedious chromatographic purication of 3a (Entries 9–
13). Increasing the amount of hydroxylamine hydrochloride (1.5
equivalent) didn't impart any benets (Entry 14).

The skeleton of oxocinol 3a was secured based upon different
analytical analyses. Firstly, IR spectrum showed absorption
peaks at regions 3430–3570, 3319 and 3198 cm�1 assigned for
two OH's and NH groups. In addition, 1H NMR spectrum of 3a
showed two characteristic singlets at 8.78 and 8.83 ppm which
were assigned to protons CH]N and H-4 (oxocinol), respec-
tively. The 13C NMR spectrum of 3a exhibited all carbons of the
proposed structure. EI-MS supported the proposed structure of
compound 3a by the presence of molecular ion peak at m/z 413,
which was compatible with its molecular weight. The formation
of side products 4 (ref. 29) and 5 (ref. 30) was excluded due to the
absence of aliphatic CH in 1H- and 13C-NMR.
9 1,4-Dioxane 101 Et3N 30 min 41
10 1,4-Dioxane 101 DBU 5 min 22
11 1,4-Dioxane 101 NaOAc 30 min 41
12 1,4-Dioxane 101 K2CO3 1.5 h 40
13 1,4-Dioxane 101 NaOH 10 min 47
14 f 1,4-Dioxane 101 None 30 min 55

a Reaction conditions: 1 (1 mmol) and hydroxylamine$HCl (1 mmol) in
15 ml solvent. b NR: no reaction. c TCE: tetrachloroethylene. d DMF:
N,N-dimethylformamide. e ND: not detected. f Using
hydroxylamine$HCl (1.5 eq.).

RSC Adv., 2019, 9, 27996–28005 | 27997
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Scheme 3 Reaction of chromonylidene 2 with different 1� amines.
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Similarly, the newly developed methodology could be
applied with different primary homo and heteroaryl amines
such as p-ansidine, 5-amino-3-methylthio-1H-pyrazole-4-
carbonitrile, 2-amino-1,3,4-triazole and 2-amino benzimid-
azole affording the corresponding oxocinol products 3b–e in
moderate to good yields (Scheme 3).

Additionally, the reaction of 2 with cyanoacetic acid hydra-
zide in the presence of a catalytic amount of triethylamine
afforded oxocinone 6 in 50% yield (Scheme 4). This reaction
involved initially the aforementioned cascade process to build
up the corresponding oxocinol intermediate I which under-
went enol to keto tautomerization giving intermediate II, form
which the nal product 6 was formed by further cyclization
Scheme 5 Reaction of chromonylidene 2 with piperidine.

Scheme 4 Reaction of chromonylidene 2 with cyanoacetic acid hydraz

27998 | RSC Adv., 2019, 9, 27996–28005
between hydrazonyl NH and cyano group (Scheme 4). IR
spectrum of oxocinone 6 conrmed the absence of cyano
group, and instead hydroxyl group was observed at 3550–
3420 cm�1 as broad peak in addition to aliphatic CH func-
tionality peaks at 2961, 2898 cm�1. The 1H NMR analysis
showed a singlet at d 4.25 ppm assignable to methylene protons
of pyrazole ring.

On the other hand, the reaction of chromonylidene 2 with
piperidine in reuxing 1,4-dioxane didn't afford the corre-
sponding oxocinol product, and instead, 2-(benzo[d]thiazol-2-
yl)-12-(piperidin-1-yl)-4,12-dihydro-3H-benzo[7,8]chromeno[4,3-
b]pyridine-3-one (7) was obtained in 66% yield (Scheme 5). The
formation of pyridinone 7 was proposed to proceed via nucle-
ophilic attack at C-2 of g-pyrone accompanied by the generation
hydroxyl group at C-4 (intermediate I), which attack the nearby
cyano group giving a-iminopyrone intermediate II. By Dimroth
rearrangement, a-iminopyrone intermediate IIwas transformed
into the corresponding product 7. The IR spectrum of pyr-
idinone 7 showed a broad peak at 3350–3460 cm�1 which was
attributable to NH group in addition to the amidic carbonyl
peak at 1643 cm�1. Additionally, the newly inserted aliphatic
carbons of piperidinyl moiety were expressed in IR by the peaks
at the range of 2931–2816 cm�1. The 1H NMR spectrum of
compounds 7 showed a characteristic singlet d 6.97 ppm
assigned to the methine proton (H-5). In a different scenario, no
ide.

This journal is © The Royal Society of Chemistry 2019
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reaction was observed in the case of the reaction of chromo-
nylidene 2 with triethylamine (3� amine) even aer prolonged
reaction time (12 h).

Moreover, the reaction of chromonylidene 2 with hydrazine
hydrate in reuxing 1,4-dioxane afforded product 8 (73% yield)
which was generated in a completely different scenario to the
aforementioned reactions with primary and secondary amines
(Scheme 6). Treatment of precursor 2 with thiosemicarbazide
produced the ring junction nitrogen product 10 in 53% yield as
shown in the reaction pathway (Scheme 7). The reaction pro-
ceeded in a similar style to the reaction with hydrazine hydrate
(Scheme 6).

The different reaction proles of chromonylidene 2 with
hydroxyl amine and its similar nucleophiles (products 3a–e and
6) compared to hydrazine nucleophile (product 8) were
explained on the basis of the electron density on the nucleo-
philic centers in the corresponding intermediates B (Fig. 2).
These electron densities were measured on the optimized
structures using Gaussian 09 soware at DFT level via B3LYP as
energy function and 6-31G (d,p) as a basis set.25–28 In the case of
key intermediate for oxocinol 3a, the electron density on
phenolic OH group was found to be (�0.61 e) which is higher
than the corresponding density on NH group (�0.47 e). This
Scheme 6 Reaction of chromonylidene 2 with hydrazine hydrate.

Scheme 7 Reaction of chromonylidene 2 with thiosemicarbazide.

This journal is © The Royal Society of Chemistry 2019
signicant difference in the electron density value enhanced
the nucleophilicity of phenolic OH compared to that of NH
group leading to the desired oxocine derivatives 3a–e and 6. In
the case of key intermediate for pyridine 8, the electron density
on NH center was increased due to the presence of adjacent
NH2 group to value of �0.58 e which became very close to the
value of phenolic OH group. As a result, the 6-membered
cyclization (affording product 8) became more energetically
favored than 8-membered cyclization (affording product 9). In
the case of the reaction with thiosemicarbazide (Scheme 7), the
calculated electron densities on the nucleophilic centers could
not rationalize solely the formation of product 10 where its
formation might be attributed to some other thermodynamic
parameters.
Computational prediction of biological activities of oxocine
derivatives 3a–e and 6

PASS online soware was used to predict the putative biolog-
ical activity spectrum of the oxocine derivatives 3a–e and 6
which was represented in Table 2. From the results of bio-
logical activity prediction, the synthesized oxocine derivatives
3a–e and 6 showed various anticancer (antimetastatic, anti-
ischemic (cerebral), antineoplastic, and protection from
RSC Adv., 2019, 9, 27996–28005 | 27999
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Fig. 2 Electron densities on OH and NH functionalities of the key intermediate B in case of products 3a, 8 and 10.

Table 2 Biological activity assessment using PASS online software

Biological activity

3a 3b 3c 3d 3e 6

Pa Pi Pa Pi Pa Pi Pa Pi Pa Pi Pa Pi

Anticancer Antimetastatic NA NA 0.310 0.077 0.238 0.119 0.201 0.158 0.220 0.135 0.212 0.143
Antiischemic (cerebral) 0.472 0.125 0.378 0.204 NA NA 0.414 0.174 NA NA 0.503 0.104
Antineoplastic 0.604 0.044 0.640 0.037 0.492 0.074 0507 0.069 0.468 0.081 0.565 0.053
Antineoplastic (brain cancer) NA NA 0.226 0.084 0.198 0.133 0212 0.108 0.202 0.126 NA NA
Prostate cancer treatment 0.515 0.008 0.511 0.009 0.343 0.031 0.459 0.014 0.480 0.012 0.459 0.014

Antiviral Inuenza A 0.245 0.106 0.214 0.181 0.242 0.112 0.536 0.004 0.549 0.004 0.417 0.007
Antimicrobial Antibiotic 0.183 0.033 0.254 0.019 0.147 0.051 0.181 0.034 0.176 0.036 0.169 0.039

Antibacterial 0.358 0.041 0.487 0.018 0.258 0.079 0.359 0.041 0.306 0.058 0.275 0.070
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prostate cancer), antiviral, and antimicrobial promising
activities. Oxocinols 3a and 3b showed the best probable
activity in the treatment of cancer. In addition, oxocinol 3b
revealed the best predicted antimicrobial activity. Ultimately,
compounds 3d and 3e may possess antiviral (inuenza A)
activity.
Applications of oxocine derivatives 3a–e and 6 in dye-
sensitized solar cells (DSSCs)

DFT calculations followed by TD-DFT studies were performed
for oxocine derivatives 3a–e and 6 using B3LYP as energy
28000 | RSC Adv., 2019, 9, 27996–28005
function and 6-31G (d,p)25–28 as a basis set to investigate their
theoretical GSOP/ESOP energy levels (Fig. 3) and their optical
absorption spectra (Fig. 4).31

In addition, from the results displayed in Table 3, it is
quite interesting to note that, all products 3a–e and 6 possess
the thermodynamic requirements as an application for
DSSCs.32,33 The estimated ESOP levels of 3a–e and 6 were
found to be 3a (�3.13 eV), 3b (�2.66 eV), 3c (�2.76 eV), 3d
(�3.12 eV), 3e (�2.41 eV) and 6 (�3.02 eV). These values are
more positive than the conduction band (CB) potential of
TiO2 (�4.2 eV); showing that their ability for the electron
injection. Furthermore, the calculated GSOP/HOMO levels of
This journal is © The Royal Society of Chemistry 2019
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Fig. 3 Energy level diagram of oxocine derivatives 3a–e and 6.

Fig. 4 Simulated absorption spectra of oxocine derivatives 3a–e and 6.

Table 3 Calculated E0–0, GSOP and ESOP for oxocine derivatives 3a–e
and 6

Product Basis set GSOP (eV) E0–0 ESOP (eV)

3a B3LYP/6-31G (d,p) �5.68 2.55 �3.13
3b �5.53 2.87 �2.66
3c �5.88 3.12 �2.76
3d �5.73 2.61 �3.12
3e �5.62 3.21 �2.41
6 �5.58 2.56 �3.02
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3a (�5.68 eV), 3b (�5.53 eV), 3c (�5.88 eV), 3d (�5.73 eV), 3e
(�5.62 eV) and 6 (�5.68 eV) were found to be more negative
than the oxidation potential of the electrolyte (�5.2 eV) (I3

�/
I�), exhibited the regeneration of the electrons.

Furthermore, energy band gap (E0–0) can be estimated from
the onset of the lowest energy peak.34 Small band gap
increases the optical properties of the products allowing for
absorption most of the incident light. From Fig. 4, product 3a
is found to be red shied than other products which attrib-
uted to its lowest optical energy gap of 2.55 eV. Moreover,
molar extinction coefficient (epsilon) plays a vital role for
enhancing the light harvesting ability of the dye where its
higher value indicates maximum light harvesting capability.
For example, product 3d showed the highest molar extinction
co-efficient with broadening in its absorption peak depending
This journal is © The Royal Society of Chemistry 2019
on the nature of its donor and acceptor structures, and as
a result it is expected to show improved photovoltaic perfor-
mance in DSSCs.35

Conclusion

A promising protocol for the synthesis of oxocine derivatives
3a–e and 6 has been developed via reaction of chromonylidene
2 with different NH2 bearing nucleophiles under metal free
conditions reuxing in 1,4-dioxane. Other nucleophiles such
as piperidine, hydrazine and thiosemicarbazide failed to give
the desired oxocine derivatives and instead, they afforded
different pyridine derivatives 7, 8 and 10. Some oxocine
products showed some promising probability of biological
activity in the treatment of cancer, inuenza A, and as anti-
microbial agents. Furthermore, TD-DFT simulated spectra and
calculated GSOP/ESOP energy levels indicated the ability of
using products 3a–e and 6 in the application of DSSCs. The
present study is just preliminary where detailed studies for the
synthesis of different oxocine derivatives in addition to bio-
logical activity and DSSCs applications are currently underway,
with collaboration with different specialized research groups,
and will be reported in the due time.

Experimental
General

The melting points of the newly synthesized compounds were
measured on a Gallenkamp electrical melting point apparatus
using open glass capillaries and are reported in degree
Celsius (�C) (uncorrected). The infrared spectra (IR) were
determined using the pressed KBr disc method on a Mattson
5000 FT-IR spectrophotometer (Faculty of Pharmacy, Man-
soura University) or Nicolet iS10 FT-IR Spectrometer (Faculty
of Science, Mansoura University). The 1H-NMR spectra were
measured on Bruker AC 300 MHz (Faculty of Science, Cairo
University), Bruker Avance III 400 MHz (Faculty of Pharmacy,
Beni Suef University) and/or JEOL ECA II 500 MHz (Faculty of
Science, Mansoura University) using tetramethylsilane (TMS)
as an internal reference, and using DMSO-d6 or triuoroacetic
acid (TFA) as solvents. The signals' multiplicities are reported
as follows: s ¼ singlet, d ¼ doublet, dd ¼ doublet of doublets
and m ¼ multiplet. Exchangeable protons were detected
through D2O test. 13C-NMR spectra were measured on JEOL
ECA II 125 MHz (Faculty of Science, Mansoura University).
The electron impact mass spectra (EI-MS) were determined on
Thermo Fisher scientic DSQ II GC/MS with focus GC (70 eV)
(Faculty of Science, Mansoura University) or Kratos MS (70 eV)
equipment (Faculty of Pharmacy, Al-Azhar University).
Elemental analysis was executed at the microanalytical lab at
Cairo University. All reactions were monitored using thin
layer chromatography (TLC) on aluminum sheets pre-coated
with Al2O3 with uorescent indicator F254, Merck (Darm-
stadt, Germany). DFT-followed by TD-DFT were performed
using Gaussian 09 package soware. The simulated absorp-
tion spectra of products 3a–e and 6 obtained at B3LYP/6-31G
(d,p) level.
RSC Adv., 2019, 9, 27996–28005 | 28001
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Synthesis

Synthesis of 2-(benzo[d]thiazol-2-yl)-3-(4-oxo-4H-benzo[h]
chromen-3-yl)acrylonitrile (2).

A mixture of 3-formylbenzochromone (673 mg, 3 mmol), 2-
benzothiazoleacetonitrile (523 mg, 3 mmol) in glacial acetic acid
(25 ml) was reuxed for 20 min. The formed precipitate was
ltered off and recrystallized from amixture of DMF/EtOH giving
product 2 (E : Z ¼ 1 : 1). Yield (1027 mg, 90%); reddish orange
crystals; mp ¼ 286–288 �C; IR (KBr, n/cm�1): 3061 (aromatic CH),
2206 (CN), 1650 (C]O), 1603 (C]N); 1H NMR (500 MHz, DMSO-
d6): d (ppm) 7.40 (s, 1H, H-2a),7.52 (dd, 1H, H-60a; J ¼ 7.00, 8.00
Hz), 7.55 (d, 1H, H-70a; J¼ 8.20 Hz), 7.60–7.67 (m, 4H, Ar–H), 7.73
(dd, 1H, H-60b; J¼ 7.50, 8.00 Hz),7.85–7.91 (m, 3H, Ar–H), 7.93 (d,
1H, H-70b; J¼ 8.20 Hz), 8.00 (d, 2H, Ar–H, J¼ 8.90 Hz), 8.04 (s, 1H,
H-2b),8.05 (d, 1H, Ar–H, J ¼ 8.90 Hz), 8.10–8.18 (m, 4H, Ar–H),
8.22 (d, 1H, H-10a, J¼ 7.60 Hz), 8.35 (s, 1H, CHa]C–CN), 8.57 (d,
1H, H-10b, J ¼ 7.60 Hz), 9.46 (s, 1H, CHb]C–CN); EI-MSm/z (%):
382.14 [M+ + 2] (11.91), 381.19 [M+ + 1] (29.07), 380.20 [M+]
(100.00), 352.22 (30.16), 351.19 (94.43), 350.30 (11.86), 114.12
(26.95); anal. calcd for C23H12N2O2S (380.06): C, 72.62; H, 3.18; N,
7.36; S, 8.43%. Found: C, 72.65; H, 3.20; N, 7.32; S, 8.50%.

General procedure for the synthesis of compounds 3a–e, 6–8
and 10. A suspension of compound 2 (380 mg, 1 mmol) and
nitrogen nucleophilic component (1 mmol) such as [hydrox-
ylamine$HCl, p-anisidine, 5-amino-3-(methylthio)-1H-pyrazole-
3-carbonitrile, 2-amino-1,3,4-triazole, 2-aminobenzimidazole,
cyanoacetic acid hydrazide, piperidine, hydrazine hydrate, thi-
osemicarbazide] in 15 ml dry 1,4-dioxane was reuxed for
30 min (in the case of cyanoacetic acid hydrazide, 3 drops of
Et3N was added as catalyst). The formed precipitate was ltered
off, washed several times with hot 1,4-dioxane followed by
absolute EtOH to give the corresponding products without the
need for further purication.

3-(Benzo[d]thiazol-2-yl)-6-hydroxy-2-imino-2H-naphtho[1,2-
b]oxocine-5-carbaldehyde oxime (3a).

Yellow needles; (227 mg, 55%); mp > 330 �C; IR (KBr, n/
cm�1): 3430–3570 (OH, broad), 3319 (NH), 3065 (aromatic
CH),1627 (C]N), 1583 (C]C); 1H NMR (500 MHz, TFA):
d (ppm) 7.45 (d, 1H, H-8, J ¼ 8.70 Hz), 7.51 (d, 1H, H-7, J ¼ 8.90
Hz), 7.66–7.72 (m, 2H, Ar–H), 7.75–7.82 (m, 2H, Ar–H), 7.87 (d,
1H, H-70, J¼ 8.00 Hz), 8.09 (d, 1H, H-40, J¼ 8.00 Hz), 8.22 (d, 1H,
H-9, J ¼ 8.00 Hz), 8.56 (d, 1H, H-12, J ¼ 8.50 Hz), 8.78 (s, 1H,
CH]N), 8.83 (s, 1H, H-4); 13C NMR (126 MHz, TFA): d (ppm)
119.10, 122.29, 123.51, 124.72, 125.06, 125.95, 126.11, 126.74,
128.99, 129.68, 130.01, 130.06, 133.99, 135.35, 140.41, 140.85,
28002 | RSC Adv., 2019, 9, 27996–28005
141.76, 152.60, 153.17, 153.21, 163.29, 166.97, 194.84; EI-MSm/z
(%): 415.18 [M+ + 2] (5.69), 414.26 [M+ + 1] (23.88), 413.22 [M+]
(85.42), 397.24 (100.00), 396.25 (41.78), 381.21 (25.85), 368.18
(7.77); anal. calcd for C23H15N3O3S (413.45): C, 66.82; H, 3.66; N,
10.16; S, 7.75%. Found: C, 66.80; H, 3.69; N, 10.12; S, 7.79%.

3-(Benzo[d]thiazol-2-yl)-2-imino-5-((4-methoxyphenyl)imino)
methyl-2H-naphtho[1,2-b]oxocin-6-ol (3b).

Yellowish orange crystals; (322 mg, 64%); mp 194–196 �C; IR
(KBr, n/cm�1): 3300–3450 (OH, NH, broad), 3065 (aromatic CH),
2917 (aliphatic CH), 1630 (C]N), 1608 (C]C); 1H NMR (500
MHz, DMSO-d6): d (ppm) 3.77 (s, 3H, OCH3), 7.00 (dd, 2H, H-300,
H-500, J ¼ 2.10, 6.90, Hz), 7.48 (d, 1H, H-8, J ¼ 8.90 Hz), 7.53 (dd,
1H, Ar–H, J¼ 7.00, 7.50 Hz), 7.59–7.64 (m, 2H, Ar–H), 7.70 (d, 1H,
H-7, J ¼ 8.90 Hz), 7.73 (dd, 1H, Ar–H, J ¼ 1.50, 8.00 Hz), 7.78 (dd,
2H, H-200, H-600, J ¼ 2.10, 6.90 Hz), 7.96 (d, 1H, H-70, J ¼ 8.20 Hz),
8.19 (d, 1H, H-40, J ¼ 7.60 Hz), 8.26 (d, 1H, H-9, J ¼ 8.20 Hz), 8.38
(d, 1H, H-12, J ¼ 8.20 Hz), 8.51 (d, 1H, CH]N, J ¼ 2.10 Hz), 8.69
(d, 1H, H-4, J ¼ 2.10 Hz), 11.89 (s, 1H, NH or OH), 12.96 (s, 1H,
NH or OH); anal. calcd for C30H21N3O3S (503.13): C, 71.55; H,
4.20; N, 8.34; S, 6.37%. Found: C, 71.59; H, 4.18; N, 8.33; S, 6.36%.

5-(((3-(benzo[d]thiazol-2-yl)-6-hydroxy-2-imino-2H-naphtho
[1,2-b]oxocin-5-yl)methylene)amino)-3-(methylthio)-1H-
pyrazole-4-carbonitrile (3c).

Yellowish orange crystals; (374 mg, 70%); mp 326–327 �C; IR
(KBr, n/cm�1): 3380–3550 (OH, broad), 3450 (NH), 3226 (NH),
2215 (CN), 1630 (C]N), 1600 (C]C); 1H NMR (500 MHz,
DMSO-d6): d (ppm) 2.60 (s, 3H, SCH3), 7.49–7.78 (m, 6H, Ar–H),
7.96 (d, 1H, Ar–H, J ¼ 8.00 Hz), 8.15 (d, 1H, Ar–H, J ¼ 8.50 Hz),
8.22 (d, 1H, Ar–H, J ¼ 8.00 Hz), 8.41 (d, 1H, Ar–H, J ¼ 8.50 Hz),
8.63 (d, 1H, Ar–H, J ¼ 2.50 Hz), 8.76 (d, 1H, Ar–H, J ¼ 2.50 Hz),
9.49 (s, 1H, NH or OH), 10.00 (s, 1H, NH or OH), 12.78 (s, 1H,
NH or OH); EI-MS m/z (%): 534.82 [M+] (48.94), 507.08 (40.21),
502.40 (32.33), 473.18 (16.44), 271.20 (54.74), 243.06 (68.660),
183.42 (77.08), 180.05 (100.00), 129.09 (58.57), 81.14 (58.28);
anal. calcd for C28H18N6O2S2 (534.09): C, 62.91; H, 3.39; N,
15.72; S, 11.99%. Found: C, 62.95; H, 3.35; N, 15.73; S, 11.96%.

5-(((4H-1,2,4-triazol-3-yl)imino)methyl)-3-(benzo[d]thiazol-2-
yl)-2-imino-2H-naphtho[1, 2-b]oxocin-6-ol (3d).
This journal is © The Royal Society of Chemistry 2019
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Canary yellow crystals; (255 mg, 55%); mp > 330 �C; IR (KBr,
n/cm�1): 3200–3450 (OH, broad), 3424 (NH), 3209 (NH), 3059
(aromatic CH), 1601 (C]N), 1550 (C]C); 1H NMR (500 MHz,
DMSO-d6): d (ppm) 7.48 (d, 1H, H-8, J ¼ 8.90 Hz), 7.54 (dd, 1H,
Ar–H, J ¼ 7.49, 7.51 Hz), 7.62 (dd, 2H, Ar–H, J ¼ 6.50, 8.50 Hz),
7.66 (d, 1H, H-7, J ¼ 8.90 Hz), 7.72 (dd, 1H, Ar–H, J ¼ 7.00, 8.00
Hz), 7.82 (s, 1H, triazole), 7.95 (d, 1H, H-9, J ¼ 8.20 Hz), 8.16 (d,
1H, H-70, J¼ 7.60 Hz), 8.21 (d, 1H, H-40, J¼ 7.60 Hz), 8.38 (d, 1H,
H-12, J ¼ 8.20 Hz), 8.61 (s, 1H, CH]N), 8.75 (s, 1H, H-4), 12.51
(s, 1H, NH or OH), 12.77 (s, 1H, NH or OH), 13.76 (s, 1H, NH or
OH); EI-MS m/z (%): 464.29 [M+] (100.00), 462.82 (17.73), 435.33
(13.86), 380.18 (13.32), 379.22 (9.70), 306.23 (18.92), 115.18
(17.33); anal. calcd for C25H16N6O2S (464.11): C, 64.64; H,
3.47; N, 18.09; S, 6.90%. Found: C, 64.66; H, 3.42; N, 18.03; S,
7.01%.

5-(((1H-benzo[d]imidazol-2-yl)imino)methyl)-3-(benzo[d]
thiazol-2-yl)-2-imino-2H-naph-tho[1,2-b]oxocin-6-ol (3e).

Yellow needles; (308 mg, 60%); mp 318 �C; IR (KBr, n/cm�1):
3270–3420 (OH, NH, broad), 3347 (NH), 3058 (aromatic CH),
1631 (C]N), 1590 (C]C); 1H NMR (400 MHz, DMSO-d6):
d (ppm) 7.22–7.56 (m, 7H, Ar–H), 7.67 (dd, 1H, Ar–H, J ¼ 8.00,
8.50 Hz), 7.77 (d, 2H, Ar–H, J ¼ 8.00 Hz), 8.01 (d, 1H, H-9, J ¼
8.00 Hz), 8.08 (dd, 2H, Ar–H, J ¼ 8.00, 8.50 Hz), 8.43 (d, 1H, H-
12, J ¼ 8.00 Hz), 8.85 (s, 1H, CH]N), 9.18 (s, 1H, H-4), 12.01 (s,
1H, NH or OH), 12.53 (s, 1H, NH or OH), 13.00 (s, 1H, NH or
OH); EI-MSm/z (%): 515.92 [M+ + 2] (0.95), 514.32 [M+ + 1] (1.03),
513.61 [M+] (2.44), 398.31 (14.90), 397.25 (20.37), 355.34 (13.15),
354.30 (16.10), 337.26 (21.39), 339.26 (48.12), 337.26 (16.73),
40.20 (100.00); anal. calcd for C30H19N5O2S (513.58): C, 70.16; H,
3.73; N, 13.64; S, 6.24%. Found: C, 70.18; H, 3.70; N, 13.62; S,
6.21%.

3-(benzo[d]thiazol-2-yl)-5-((3-hydroxy-5-imino-4,5-dihydro-
1H-pyrazol-1-yl)methylene)-2-imino-2,5-dihydro-6H-naphtho
[1,2-b]oxocin-6-one(6).

Yellow crystals; (240 mg, 50%); mp 310–311 �C; IR (KBr, n/
cm�1): 3550–3420 (OH, broad), 3378 (NH), 3209 (NH), 3051
(aromatic CH), 2961, 2898 (aliphatic CH), 1636 (C]O), 1600
(C]N), 1596 (C]C); 1H NMR (500 MHz, TFA): d (ppm) 4.25 (s,
2H, CH2), 7.43 (d, 1H, H-8, J¼ 8.90 Hz), 7.50 (d, 1H, H-7, J¼ 8.90
Hz), 7.65 (dd, 2H, Ar–H, J ¼ 7.50, 8.00 Hz), 7.72 (dd, 1H, Ar–H, J
¼ 7.00, 7.50 Hz), 7.79 (dd, 1H, Ar–H, J ¼ 7.00, 7.50 Hz), 7.85 (d,
1H, H-70, J¼ 8.20 Hz), 8.04 (d, 1H, H-40, J¼ 7.50 Hz), 8.17 (d, 1H,
H-9, J ¼ 8.20 Hz), 8.54 (d, 1H, H-12, J ¼ 8.20 Hz), 8.58 (d, 1H,
CH]N, J ¼ 1.40 Hz), 8.92 (d, 1H, H-4, J ¼ 1.40 Hz); anal. calcd
This journal is © The Royal Society of Chemistry 2019
for C26H17N5O3S (479.51): C, 65.13; H, 3.57; N, 14.61; S, 6.69%.
Found: C, 65.16; H, 3.56; N, 14.65; S, 6.66%.

2-(benzo[d]thiazol-2-yl)-12-(piperidin-1-yl)-4,12-dihydro-3H-
benzo[7,8]chromeno[4,3-b]pyridin-3-one (7).

Note: both of keto and enol forms were only observed in
NMR analyses due to the use of triuoroacetic acid as solvent
which might induce this tautomerization process.

Yellow crystals; (307 mg, 66%); mp > 330 �C; IR (KBr, n/
cm�1): 3350–3460 (NH, broad), 3064 (aromatic CH), 2931–2816
(aliphatic CH), 1643 (C]O), 1604 (C]N), 1560 (C]C); 1H NMR
(500 MHz, TFA): d (ppm) 1.49–2.16 (m, 12H, H-300,400,500, I & II),
3.09–4.04 (m, 8H, H-200, H-600, I & II), 6.97 (s, 2H, H-4, I & II), 7.85
(dd, 2H, Ar–H, J¼ 7.49, 7.51 Hz, I & II), 7.92 (m, 4H, Ar–H, I & II),
7.97 (d, 4H, Ar–H, I & II) 8.05 (m, 2H, Ar–H, I & II), 8.12 (m, 2H,
Ar–H, I & II), 8.22 (m, 2H, Ar–H, I & II), 8.29 (m, 2H, Ar–H, I & II),
8.46 (m, 2H, H-7, I & II), 9.03 (s, 2H, H-4, I & II); EI-MS m/z (%):
465.57 [M+] (45.76), 462.54 (64.03), 331.08 (59.94), 315.14
(45.02), 99.57 (69.91), 83.35 (100.00), 59.43 (82.74), 55.20 (76.75);
13C NMR (126 MHz, TFA): d (ppm) 22.91, 23.34, 24.39, 24.68,
24.82, 48.52, 51.84, 52.98, 68.60, 91.64, 105.22, 109.30, 114.16,
114.32, 119.54, 120.53, 122.93, 123.98, 124.69, 124.90, 125.15,
125.38, 125.62, 128.92, 130.94, 131.22, 131.39, 131.75, 132.75,
132.93, 133.06, 133.21, 133.92, 134.22, 135.79, 137.48, 140.42,
140.66, 141.64, 142.14, 144.41, 146.13, 148.36, 153.73, 168.88;
anal. calcd for C28H23N3O2S (465.57): C, 72.24; H, 4.98; N, 9.03;
S, 6.89%. Found: C, 72.22; H, 4.99; N, 9.01, S, 6.87%.

(1-Amino-5-(benzo[d]thiazol-2-yl)-6-imino-1,6-
dihydropyridin-3-yl)(1-hydroxynaphthal en-2-yl)methanone (8).

Pale yellow crystals; (301 mg, 73%); mp 240–241 �C; IR (KBr,
n/cm�1): 3460–3100 (OH, NH2 broad), 3129 (NH), 1648 (C]O),
1628 (C]N), 1599 (C]C); 1H NMR (500 MHz, DMSO-d6):
d (ppm) 7.29 (s, 2H, NH2), 7.51 (d, 1H, H-3, J¼ 8.20 Hz), 7.57 (dd,
1H, H-60, J ¼ 7.49, 7.51 Hz), 7.61–7.65 (dd, 2H, Ar–H), 7.66 (d,
1H, H-40, J ¼ 8.90 Hz), 7.73 (dd, 1H, H-50, J ¼ 7.49, 7.51 Hz), 7.96
(d, 1H, H-4, J ¼ 8.20 Hz), 8.22 (d, 1H, H-8, J ¼ 8.20 Hz), 8.39 (d,
1H, H-5, J¼ 8.20 Hz), 8.68 (d, 1H, H-400, J¼ 1.40 Hz), 8.78 (s, 1H,
H-600), 10.18 (brs, 1H, OH), 12.30 (s, 1H, NH); EI-MS m/z (%):
412.34 [M+] (8.22), 350.34 (42.07), 305.04 (73.80), 240.95
(100.00), 221.44 (77.21), 107.52 (50.84), 83.05 (76.40); 13C NMR
(126 MHz, DMSO-d6): d (ppm) 114.79, 114.91, 119.21, 121.40,
122.24, 123.21, 123.56, 124.73, 126.08, 126.17, 126.83, 127.16,
127.57, 129.86, 133.17, 136.64, 139.87, 144.94, 151.63, 151.84,
158.63, 163.06, 191.91; anal. calcd for C23H16N4O2S (412.47): C,
RSC Adv., 2019, 9, 27996–28005 | 28003
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66.98; H, 3.91; N, 13.58; S, 7.77%. Found: C, 66.95; H, 3.93; N,
13.59; S, 7.79%.

(8-(Benzo[d]thiazol-2-yl)-2-thioxo-2,3-dihydro-[1,2,4]triazolo
[1,5-a]pyridin-6-yl)(1-hydroxynaphthalen-2-yl)methanone (10).

Orange crystals; (241 mg, 53%); mp 264 �C; IR (KBr, n/cm�1):
3450–3300 (OH, broad), 3293 (NH), 3054 (aromatic CH), 1637
(C]N), 1593 (C]C); 1H NMR (500 MHz, DMSO-d6): d (ppm)
7.48–7.50 (m, 2H, Ar–H), 7.57 (dd, 1H, H-7, J ¼ 7.00, 8.00 Hz),
7.63 (dd, 1H, Ar–H, J¼ 7.00, 8.50 Hz), 7.67 (dd, 1H, J¼ 1.50, 7.60
Hz), 7.73 (dd, 1H, H-6, J ¼ 7.00, 8.00 Hz), 7.96 (d, 1H, H-5, J ¼
8.20 Hz), 8.14 (dd, 2H, Ar–H, J ¼ 8.00, 9.00 Hz), 8.38 (d, 1H, Ar–
H, J¼ 8.20 Hz), 8.40 (d, 1H, H-400, J¼ 2.00 Hz), 8.59 (d, 1H, H-600,
J ¼ 2.00 Hz), 8.76 (brs, 2H, NH2), 12.85 (s, 1H, OH); EI-MS m/z
(%): 471.08 [M+] (14.29), 420.45 (18.15), 263.38 (19.92), 147.26
(37.62), 102.65 (21.94), 97.34 (38.44), 67.14 (100.00), 60.16
(52.60), 53.36 (84.10); anal. calcd for C24H17N5O2S2 (471.55): C,
61.13; H, 3.63; N, 14.85; S, 13.60%. Found: C, 61.15; H, 3.64; N,
14.84 S, 13.56%.
Computational prediction of biological activities of oxocine
derivatives 3a–e and 6

The 2D chemical structures of the oxocine derivatives 3a–e and
6 were drawn using both ChemDoodle36 and Marvin Sketch
(ChemAxon, Version 18.30). Aer that SwissADME predictor
soware (http://www.swissadme.ch/) was used to convert the 2D
structures into SMILEY mode.37 The biological activities of the
synthesized products were predicted using PASS online so-
ware. The main target of PASS (prediction of activity spectra for
biologically active substances) is prediction of the most prob-
able kind of biological activity from the chemical structure. It
reects all biological activities that arise from interactions with
biological entities among the compounds from the viable
database. In this study, PASS develops prediction of biological
activities with the probabilities of Pa (to be active) and Pi (to be
inactive) values.38
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