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a b s t r a c t

The reaction of hydrazonyl chlorides with 2,3-dichloro-1,4-naphthoquinone yielded pharmaceutically
important spiro-naphthalene-1,2'- [1,3,4]oxadiazol-4-ones under batch and flow synthesis methods. The
regioselective cycloaddition protocol operates under mild conditions, tolerates a wide range of structural
moieties and delivers versatile spiro-oxadiazole motif with high efficiency. The obtained products were
elucidated by IR, 1H NMR, 13C NMR, HRMS and compound 6h was characterized by single crystal X-ray
diffraction technique. The synthesized molecules have been subjected to theoretical analysis by quantum
chemical calculations at DFT/B3LYP/def2-TVZP level, which provided supporting data for the experi-
mental findings. In addition, a concise biological evaluation of some selected novel spirocyclic molecules
is reported.

© 2022 Elsevier Ltd. All rights reserved.
1. Introduction

The 1,3,4-oxadiazoles has attracted significant attention in the
field of drug discovery for decades due to their broad spectra of
biological activities such as antifungal [1], antibacterial [2], anal-
gesic [3], anti-inflammatory [4], antitumor [5], bowel syndrome,
anticonvulsant and muscle-relaxing activities [6] (Fig. 1). 1,3,4-
Oxadiazole molecules can be prepared via multiple routes, such
as direct annulation of hydrazides with methyl ketones [7], oxida-
tive reaction of hydrazides with alkenes or alkynes in the presence
of iodine followed by cyclization and deacylation [8], cationic
iron(III)/TEMPO-catalyzed oxidative cyclization of aroyl hydrazones
in the presence of oxygen [9], using a catalytic.

quantity of Cu(OTf)2 in an imine CeH functionalization of N-
arylidenearoylhydrazide [10], condensation of semicarbazide/thi-
osemicarbazide with aldehydes followed by I2-mediated oxidative
CeO/CeS bond formation [11].

The advantages of flow chemistry [12,13] over conventional
methods range from easy scaling up, advanced control of reaction
conditions such as heat, flow rate, pressure, managing hazardous
wastes and reagents, and recovery of unreacted reagents. Further-
more, the applications of cycloaddition reactions of 1,3-dipoles
with dipolarophiles under flow chemistry are more attractive due
to their high atom economy [14e18], highly regulated reaction
conditions. So, optimizations are easier and faster for the applica-
tion of scaled up process and better yields could easily be attained.
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Fig. 1. Bioactive compounds with the 1,3,4-oxadiazole moiety.
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Pan et al. research on CuACC demonstrated a significant trans-
formation in a continuous-flow system versus the batch process in
terms of productivity, scale-up, reproducibility, and safety synthe-
sis (some of which are crucial in the preparation of pharmaceutical
products). Hetero-spiro compounds are molecules with two or
more rings sharing one atom and containing non-carbon atom(s).
Good examples of heterospiro compounds are MI-888 and
NITD609, which are at preclinical evaluation for human cancer and
malaria treatment, respectively [19e22]. Spirooxindoles have
gained popularity in recent years, mainly because of the hetero-
cyclic moieties that constitute the entire molecule, which have
been published by thousands generally having the 5 or 6-
membered ring fused at the C3 position of the oxindole molecule.

Recently, flow systems gained our attention as a promising tool
for pyrrolidones synthesis from the tandem reactions of nitriles and
carbonyl-containing compounds in the presence of Pt-modified
titania catalysts [23]. In the line of our theme of developing nitri-
limines cycloaddition reactions [24,25], we present a novel, rapid,
environmentally safe, regioselective, and clean synthesis of spiro-
naphthalene-1,2'- [1,3,4]oxadiazol-4-ones 6a-h under batch and
flow reaction conditions utilizing a base. In all the reactions, 2,3-
dichloronaphthoquinone 5 was consumed completely. However,
to the best of our knowledge, there is no report on the synthesis of
these fused spiro 1,3,4-oxadiazole heterocycles to date, which en-
courages us to prepare them. Moreover, biological activities of
selected four representative compoundswere also screened against
a range of Gram-positive and Gram-negative bacteria as antibac-
terial agent, against M. tuberculosis H37Rv strain as anti-
mycobacterial agent and C. albicans, C. tropicalis, C. glabrata as
antifungal agent.

2. Results and discussion

The hydrazonyl chlorides (4a-h) were prepared according to
literature methods [24,25]. The synthesis of the desired products
50-aryl-2,3-dichloro-30-phenyl-2,3-dihydro-30H,4H-spiro[naphtha-
lene-1,2'- [1,3,4]oxadiazol]-4-ones (6a-h) was accomplished via
batch and flow chemistry. In the batch process, compounds (6a-h)
were achieved by reacting an equimolar concentration of 2,3-
dichloro-1,4-naphthoquinones (5) and hydrazonyl chlorides (4a-
h) promoted by 2 equivalent Et3N in MeCN. Some precipitates were
formed, solvents were decanted, and then solids were washed with
water and MeCN respectively. Comparatively, compounds (6a-h)
were obtained under flow chemistry conditions when the solution
of reactants passes through cartridge packed with a base and the
collected reactionmixtures in their respective solvents, which were
subsequently evaporated and recrystallized from MeCN. The better
yields at continuous system can be attributed due to in laminar
flow conditions, mixing occurs by diffusion and since diffusion time
is proportional to distance squared, therefore over short distances,
2

diffusion is fast and reproducible.
The 1H NMR results for compounds 6a-h, signals of all protons

reported are at the aromatic regions except for 6h with a methyl
group at the para-position with a singlet at 2.48 ppm. N-phenyl
protons signals in compounds 6a-h were observed at
6.63e7.19 ppm. Additionally, 13C NMR for carbonyl and quaternary
carbon signals were observed at 174.9e175.4 ppm and
94.8e96.5 ppm respectively. The cyano-carbon signal on com-
pound 6d was observed at 118 ppm. All four fluorine-carbon
coupling in the 13C spectrum of 6g were observed. All carbon and
proton signals were matched with suggested molecules and are all
reported in the supporting material section.

A comparison of the molecules 6a-h prepared in a conventional
batch process versus an automated flow chemistry is shown in
Table 1. In the batch process, compounds 6a-h were prepared
similarly by reacting the two reactants in the presents of the same
base and solvent. While in flow chemistry, using a liquid base such
as Et3N was mixed with the reactants in a reaction vessel and sent
to a flow reactor altogether. However, while using solid bases, the
base was packed (ca. 0.1 g of base per cartridge) in 30 mm long
ThalesNano CatCarts. Then, the reactants are allowed to pass
through the solid base to form nitrilimine then, the cycloaddition
product. In this way, solid bases can be reusable after washing with
the reaction solvent for the next reactions. Improved yields were
observed in flow chemistry, and all synthesized compounds were
obtained with moderate to good yields. At entry 9 and 10, the same
reactants and reaction conditions (solvent, base and temperature)
were used in order to compare the efficiency of both methods and
the flow system is the superior one under the similar conditions.

One of the plausible pathways to the access to novel compounds
6a-h has been proposed in Scheme 1. Firstly, a base deprotonates
hydrazonyl chloride resulting into the nitrile imine, following
cycloaddition to one of the carbonyls on a naphthoquinone. At-
tempts to use two or three equivalence of hydrazonyl chlorides did
not furnish two-sided cycloaddition product due to electron de-
mand on the naphthoquinone after cycloaddition may not be suf-
ficient for another nitrilimine cyclization.

Additionally, as depicted in Fig. 2A, the solid-state structure of
compound 6h were unambiguously elucidated by single-crystal X-
ray analysis in order to gain more insights into the molecular
structure. The 1,3,4-oxadiazole ring adopting an envelope confor-
mation is nearly perpendicular to the adjacent 2,3-dichloro-4-oxo-
naphthalene moiety with an dihedral angle (q) of 86.67�. The major
intermolecular interactions are identified as non-classical CeH/Cl
(C24/Cl1 ¼ 3.566 Å, C17/Cl2 ¼ 3.696 Å) and CeH/O
(C1/O2 ¼ 3.570 Å) hydrogen bonding interactions (Figs. 2B and
1C). In addition, short Cl2/N2 (3.245(2)
Å < rvdw(Cl) þ rvdw(N) ¼ 3.30 Å) contacts also link two molecules
along the a-axis. Furthermore, moderate intermolecular p$$$p ar-
omatic interactions (3.844 Å, Fig. 2D) between the aromatic ring
along the b-axis contributed to the stabilization of 3D supramo-
lecular network (Fig. 2E).
2.1. Mulliken atomic charges

Mulliken atomic charge calculation is significant in the appli-
cation of quantum chemical calculations to molecular systems
because atomic charges influence electronic structure, the dipole
moment, molecular polarizability, and many other aspects [26].
Mulliken charges were computed using the same functional and
basis set (b3lyp/def2-TVZP). The calculated Mulliken charge values
for compound 6h are listed in Fig. 3 and presented as a bar chart.



Scheme 1. Proposed reaction mechanism for the synthesis of compounds 6a-h.

Table 1
Reaction conditions for compounds 6a-h in batch synthesis/flow chemistry.

Entry Ar Compound Flow rate (mL/min)b Basea/b Pressure (bar)b Temperature (oC)a/b Solventa/b Yield (%)a/b

1 4-ClC6H4 6a 0.1 Et3N/NaHCO3 10 25/80 MeCN/EtOAc 58/85
2 4-BrC6H4 6b 0.1 Et3N/Et3N 10 25/80 MeCN/MeCN 46/82
3 4-NO2C6H4 6c 0.5 Et3N/Al2O3 10 25/80 MeCN/MeCN 68/74
4 4-CNC6H4 6d 0.3 Et3N/K2CO3 10 25/80 MeCN/EtOAc 53/79
5 2,4-Cl2C6H3 6e 0.3 Et3N/K2CO3 10 25/80 MeCN/MeCN 67/80
6 2,6-Cl2C6H3 6f 0.2 Et3N/Na2CO3 10 25/80 MeCN/MeCN 66/76
7 4-FC6H4 6g 0.3 Et3N/K2CO3 10 25/80 MeCN/MeCN 60/78
8 4-MeC6H4 6h 0.5 Et3N/Na2CO3 10 25/80 MeCN/MeCN 65/84
a9 2,4-Cl2C6H3 6e e K2CO3 e 80 MeCN 48
a10 4-FC6H4 6g e K2CO3 e 80 MeCN 51

a Batch synthesis and.
b Flow Chemistry.
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For the other molecules can be found in the supporting material. In
our study, the carbon and nitrogen atoms have both negative and
positive charges. Negative charges are found in lone pair atoms
such as oxygen and chlorine. The hydrogen atoms are all positively
charged.

2.2. Structural parameters

The structural parameters for 6h calculated were compared
with the parameters of structure obtained from X-ray analysis as
summarized in Table 2. The calculated bond lengths and angles
were well matched with experimental data. The difference be-
tween experimental and calculated data were found to be less than
2.17% and 2.15% within the acceptable limit for bond length and
bond angle calculations, which confirm the structure is well opti-
mized and energetically in most stable coordinates for the atoms
are obtained.

2.3. Molecular dipole moments

Fig. 4 shows the dipole moments(DM) [27] obtained using a
B3LYP functional with def-2TVZP basis set, compound 6a-h with
common core moieties. However, differ only in the aryl regions.
These structures have atomic elements H, C, N, O, F, Cl, and Br, and
the difference seen can change the values of DM at all the axis
3

(x,y,z). Additionally, vibrational properties can be calculated with a
net dipole moment.

2.4. Structural optimization

All calculations were performed using ORCA [28] code. The
initial coordinates in ground state were optimized using density
functional theory (DFT) at B3LYP functional with def2-TVZP basis
sets. To get the minimum energy structure, a tight SCF method was
used for all the calculations. The structure of the molecule was
visualized with VESTA [29]. Fig. 5 represent the optimized structure
of 6h, while figures of 6a-g optimized structures can be found in
supporting information.

2.5. Vibrational calculations

The vibrational properties of the compound and obtained IR
modes and frequencies were calculated herein (See Fig. 6). There
was not any negative frequency for any compound so, this indicates
that all structures arewell optimized and at minimum energy state.
Since our functional/basis-set which is B3LYP/def2-

TVZP underestimates frequency values, it is needed to use
correction factor. For B3LYP/def2-TVZP, correction factor [30] is
used to be taken as 1.0377. As a result, computational calculations
show that the structure is stable (no negative frequencies) and



Fig. 2. (A) Crystal structure of compound 6 h with displacement ellipsoid (30% probability level) showing the perspective view of inter-ring dihedral angle between 1,3,4-oxadiazole
ring (gold coloured) and naphthalene moiety (lime green). (B) A view of classical intermolecular CH/Cl (red dotted lines along the a-axis). (C) A view of intermolecular CH/O (blue
dotted lines along the b-axis) intermolecular hydrogen bonding interactions (D) Perspective view of intermolecular p$$$p stacking interactions. (E) Illustration of three-dimensional
crystal network of 6 h viewed down the c-axis.

L.Y. Saleh, B. Altıntaş, L. Filiciotto et al. Tetrahedron 131 (2023) 133231
demonstrate similarity between experimental IR models and
computation. Therefore, the computational method we use can
calculate dynamic (vibratory) properties in such structures in
accordance with the experimental findings.
2.6. Anti(Myco)bacterial activity (mg/mL)

Anti-bacterial activity: The minimum inhibitory concentration
(MIC) values of the targeted compounds (6c,6e, 6f, 6h) against
standard bacterial strains (Staphylococcus aureus [ATCC 25925],
Bacillus subtilis [ATCC 6633], Aeromonas hydrophila [ATCC 95080],
Escherichia coli [ATCC 25923], Acinetobacter baumannii [ATCC
02026]) were determined with resazurin microtitre assay (REMA)
[31] in duplicate as recommended by the Clinical Laboratory
Standards Institute [32]. These standard strains were obtained from
Refik Saydam Hıfzıssıhha Institute, Ankara, Turkey. To obtain an
initial concentration of 1000 mg/mL, the compounds were dissolved
in DMSO to prepare stock solutions. Ampicillin was used as stan-
dard reference drug. Serial twofold dilutions of the compounds and
ampicillin were prepared and the concentrations of the substances
4

to be tested were adjusted to 500e0.24 mg/mL. The MIC value was
determined as the lowest concentration of the compounds that
prevents the growth of bacteria that prevented resazurin from
turning from blue to pink or colorless.

The observed data on the antibacterial activity of the com-
pounds and the control drug are given in Table 3. The selected
target compounds in Table 3 inhibited the growth of bacteria at MIC
values in the range of 62.5e250 mg/mL. The control, ampicillin,
showed activity against the tested bacteria with a range of
0.9e125 mg/mL of MIC values.

The compounds 6c,6e, 6h revealed the highest activities with
the MIC values of 62.5 mg/mL for all indicated bacteria whereas the
compound 6f showed the lower activity value of 125 mg/mL when
tested against Acinetobacter baumannii (ATCC 02026). The screened
compounds (6c,6e, 6f, 6h) showed the lowest activities with the
MIC values 250-125 mg/mL against other given bacteria (see
Table 3).

Anti-tuberculosis (TB) activity: The resazurin microtitre assay
(REMA) plate method was performed in duplicate as described by
Nateche et al. [33] with minor revision. Isoniazid (INH) (Sigma,



Fig. 3. Mulliken atomic charges for 6 h.

Table 2
Some selected experimental and calculated bond lengths and bond angles for 6 h.

Bond Bond Length (Å)

Experiment Calculation

NeN 1.4068 1.3769
C0-O (bridge) 1.3866 1.3869
C00-O (bridge) 1.4354 1.4573
CeO (carbonyl) 1.2214 1.2252
Bonds Bond Angle (Degree)
OeCeO 107.0293 107.1516
NeNeC0 106.3280 106.7342
NeNeC00 108.7904 111.1869

L.Y. Saleh, B. Altıntaş, L. Filiciotto et al. Tetrahedron 131 (2023) 133231
I3377) and rifampicin (RIF) (Sigma, R3501) were used as control
agents. M. tuberculosis H37Rv was used as the standard strain and
was provided by the Refik Saydam National Public Health Agency,
National Tuberculosis Reference Laboratory, Ankara, Turkey. Stock
solutions of compounds were prepared in DMSO at a concentration
of 1000 mg/mL. At the same concentration, rifampicinwas prepared
in pure methanol and isoniazid was prepared in sterile distilled
water. Serial twofold dilutions of these solutions were prepared in a
96-well microtitre plate. The MIC was defined as the lowest solu-
tion concentration that prevented a full color change of the resa-
zurin from blue to pink. The activity of the tested selected
compounds showed moderate activity when screened against
M. tuberculosis H37RV, in the range of 15.62e31.25 mg/mL when
compared to isoniazid and rifampisin as known active reference
drugs. However the compounds 6f revealed the better activities
with the MIC values 15.62 mg/mLwhereas the compounds 6c,6e, 6h
showed the lower activities with the MIC values 31.25 mg/mL (see
Table 3).
5

Anti-fungal activity: Microdilution broth method [34,35] was
used to determine the MIC values of the compounds against to
Candida albicans (ATCC 14053), C. tropicalis (ATCC 1369) and
C. glabrata (ATCC 15126) standard strains, which were provided
from Refik Saydam Hıfzıssıhha Institute in Ankara, Turkey, with
respect to the standard document (M27-A2) of NCCLS [36]. As a
reference antifungal agent fluconazole (Sigma, F8929) was used. As
mentioned in the M27-A2 document, experiments were performed
in RPMI 1640 medium adjusted to pH 7.0 with 0.165 M 3-(N-mor-
pholino)-propane sulfonic acid (MOPS, Sigma, M1254). With dis-
solving the tested compounds in DMSO, fluconazole in sterile
distilled water, an initial concentration of 1000 mg/mL was pre-
pared. Serial twofold dilutions of the compounds and fluconazole in
100 mL of RPMI 1640 mediumwere prepared in the plates. Working
suspensions of the standard Candida strains were prepared ac-
cording to the M27-A2 document. After adding 100 mL of working
suspension in microtiter plate wells, 250e0.12 mg/mL final con-
centration ranges were obtained. The lowest concentration of a
compound that inhibits growth of the standard Candida strain was
determined as the MIC value, which detected visually.

The selected tested compounds revealed antifungal activity, in
the range of 62.50e125 mg/mL (Table 4) when compared to refer-
ence drug. The compound 6h has the moderate activity against the
tested all fungi in value of 62.50 mg/mL. However, the screened
compounds (6c, 6e, 6f and 6h) showed the lowest activities with
the MIC values 62.50e125 mg/mL when compared to reference
drugs fluconazole 3.90e31.25 mg/mL (see Table 4). The compounds
6h and 6e showed better activities than 6c and 6f with the MIC
values of 62.5 mg/mL when tested against Candida albicans ATCC
14053. In addition, the compound 6f and 6h showed better activ-
ities than 6c and 6ewith the MIC values of 62.5 mg/mL when tested
against Candida tropicalis ATCC 1369.



Fig. 4. Dipole moment in x,y and z directions for 6a-h.

Fig. 5. Optimized structure of 6 h.

Fig. 6. The calculated (red dashed) IR spectrum plot for 6 h given along with the
experimental (green) spectrum. These results shows good similarity with the experi-
mental spectrum, which supports that, our calculations are in very good agreement
with the experiment at characteristic vibrations. More of this merged IR results are
given in supporting information.
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3. Conclusions

Over the past two decades, the advancement of continuous flow
chemistry above conventional approaches has shown to be an ideal
6

methodology in various instances. This work demonstrates a vital
importance of continuous-flow in aspect of higher yields, which
may be attributed to the reagent streams being continually pumped
into the flow reactor, where mixing and reaction occur, yielding the
target molecule. The use of the flow system proved to be advan-
tageous in terms of both simplicity and efficiency regarding higher
yields and product purity than the corresponding ones generated
by batch process. Furthermore, at the B3LYP/def2-TVZP level of
theory, the various spiro-naphthalene-1,2'- [1,3,4]oxadiazol-4-ones
were subjected to Structural optimizations, Mulliken atomic
charges, dipole moment, vibrational properties of obtained and
calculated IR modes, bond length, and bond angles were deter-
mined, which results are in good agreement with the experimental
structure details given by X-Ray diffraction analysis. The X-ray data
together with the other spectroscopic measurements provided firm
evidence for exact structures of compound 6a-h. The tested
selected representative compound 6c, 6e and 6h showed moderate
antibacterial activity when screened against Acinetobacter bau-
mannii [ATCC 02026]) various bacteria strains, in addition showed
good anti-TB activity against M. tuberculosis H37Rv strain, together
with the target compound 6f showed better activity in the case of
anti-TB when compared to isoniazid and rifampisin as known
reference drugs (Table 1). Moreover, the chosen compounds
showed moderate antifungal activity when tested against C. albi-
cans (ATCC 14053), C. tropicalis (ATCC 1369) and C. glabrata (ATCC
15126) standard strains when compared to fluconazole as known
reference drugs (Table 2). It is important to note that the highest
activity corresponded to 6f, which possess 2,4-dichloro sub-
stituents around the spiro-naphthalene-1,2'- [1,3,4]oxadiazol-4-
ones nucleus when tested against M. tuberculosis H37Rv strain. It
can be concluded that the anti-TB activities of selected target
compounds were better than their anti-bacterial and anti-fungal
activities. However, some of the selected compounds were
moderately active for various bacteria strains and various fungal



Table 3
MIC: Minimum Inhibitory Concentrations. Bold signifies the most interesting biological data.

Entry Compounds Staphylococcus aureus
(ATCC 25925)

Escherichia coli (ATCC
25923)

Acinetobacter baumannii
(ATCC 02026)

Bacillus subtilis
(ATCC 6633)

Aeromonas hydrophila
(ATCC 95080)

M. tuberculosis
H37RV

1 6c 250 250 62,50 250 125 31,25
2 6e 250 250 62,50 125 125 31,25
3 6f 250 250 125 250 125 15,62
4 6h 250 125 62,50 125 62,50 31,25

Ampisilin 31,25 15,62 125 0,9 31,25 e

Isoniazid e e e e e 0,12
Rifampisin e e e e e 0,97

Table 4
The MIC values (mg/mL) of the targeted compounds against fungi.

Entry Compounds Candida albicans ATCC 14053 Candida tropicalis ATCC 1369 Candida glabrata ATCC 15126

1 6c 125 125 62,50
2 6e 62,50 125 125
3 6f 125 62,50 125
4 6h 62,50 62,50 62,50

Fluconazole 31,25 15,62 3,90
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strains, although the mode of action or biological target of these
molecules is unknown at the moment. The obtained results are
indicated that such these structural molecules can be considered as
the potential bioactive nucleus and further research regarding to
the incorporation of these scaffolds are under investigation and
their biological activity will be reported in due course.
4. Experimental section

4.1. General

All chemicals were purchased fromMerck or Sigma-Aldrich and
used without further purification. Melting points were determined
on a Stuart SMP3 hot stage apparatus. The structurally most
important peaks of the IR spectra (Perkin-Elmer FT-IR using hori-
zontal ATR) are listed and wave numbers are given in cm�1. Nuclear
magnetic resonance spectra were determined on a Bruker Biospin
GmbH Ultra Shield Plus 400 MHz spectrometer, and Bruker Biospin
500 MHz NMR spectrometer (Bruker, Billerica, MA, USA). Chemical
shifts are reported in parts per million (d) downfield from tetra-
methylsilane as internal standard. Spectra were determined in
CDCl3-d. The X-ray crystal structure data were collected on Bruker
APEX-II CCD model X-ray diffractometer.
4.2. General procedure for the synthesis of 50-aryl-2,3-dichloro-30-
phenyl-2,3-dihydro-30H,4H-spiro[naphthalene-1,2'- [1,3,4]
oxadiazol]-4-one

Batch chemistrya

The 2,3-dichloro-1,4-naphthoquinone 5 (0.5 mmol, 114.5 mg)
and a corresponding hydrazonyl chloride 4a-h (0.5 mmol) were
dissolved in 5 mL MeCN at room temperature, Et3N (1.1 mmol,
51mg) was added, and a precipitate was formedwithin 30min. The
solvent was decantated, the precipitate was washed with water
(5 mL) and MeCN (5 mL) respectively to obtained pure 6a-h.

Flow Chemistryb

Flow synthesis experiments were conducted in the H-Cube Mini
PlusTM reactor. The base was packed (ca. 0.1 g of base per cartridge)
in 30mm long ThalesNano CatCarts. Firstly, the systemwas washed
with the corresponding solvent (0.3 mL/min, 20 min for each sol-
vent). 0.5 M solutions of the reactants (4a-h, 5) were subsequently
pumped through, respectively for each reaction, and the optimum
7

reaction conditions were set (80 �C, 10 bar, flow rate changes from
0.1 to 0.5 mL/min resulted similar outcomes). The system was
eventually washed with the appropriate solvent in order to recover
the employed base.
4.2.1. 2,3-Dichloro-5'-(4-chlorophenyl)-30-phenyl-30H,4H-spiro
[naphthalene-1,2'- [1,3,4]oxadiazol]-4-one 6a

Light orange solid, (133 mg, 58%),a (193 mg, 85%),b Rf: (EtOAc:
Hex ¼ 1:5): 0.72. m. p. 180e182 �C, FTIR (ATR, nmax in cm�1) 3071
(ArC-H), 1677 (C]O), 1595 (C]N). 1H NMR (400MHz, CDCl3) d 8.28
(d, J¼ 7.4 Hz,1H), 7.80 (d, J¼ 8.0 Hz, 2H), 7.67 (d, J¼ 7.9 Hz, 2H), 7.62
(d, J ¼ 7.5 Hz, 1H), 7.41 (d, J ¼ 8.0 Hz, 2H), 7.13 (t, J ¼ 7.1 Hz, 2H),
6.89e6.83 (m, 3H) 13C NMR (100 MHz, CDCl3) d 175.2 (C]O), 151.0,
147.8,141.0, 139.4,137.0, 135.8,135.1,131.2,129.4,129.2,128.8,128.4,
128.3, 127.7, 123.1, 121.6, 114.2, 95.6(Cq). HRMS: required for
C23H14Cl3N2O2 [MþH]þ 455.0121 and found: 455.0137.
4.2.2. 2,3-Dichloro-5'-(4-bromophenyl)-30-phenyl-30H,4H-spiro
[naphthalene-1,2'- [1,3,4]oxadiazol]-4-one 6b

Light brown solid, (115 mg, 46%),a (205 mg, 82%),b Rf: (EtOAc:
Hex ¼ 1:5): 0.72. m. p. 197e199 �C, FTIR (ATR, nmax in cm�1) 3068
(ArC-H), 1676 (C]O), 1594 (C]N). 1H NMR (400MHz, CDCl3) d 8.29
(d, J¼ 7.1 Hz,1H), 7.74 (d, J¼ 8.1 Hz, 2H), 7.69 (d, J¼ 5.3 Hz, 2H), 7.64
(d, J ¼ 7.7 Hz, 1H), 7.59 (d, J ¼ 8.0 Hz, 2H), 7.14 (t, J ¼ 7.3 Hz, 2H),
6.94e6.80 (m, 3H)$13C NMR (100 MHz, CDCl3) d 175.4 (C]O), 149.1,
140.7, 139.2, 136.6, 136.0, 135.2, 131.8, 130.8, 129.9, 129.1, 128.8,
128.8, 128.7, 127.3, 124.6, 122.6, 114.7, 96.5(Cq). HRMS: required for
C23H13BrCl2N2NaO2 [MþNa]þ 520.9435 and found: 520.9418.
4.2.3. 2,3-Dichloro-5'-(4-nitrophenyl)-30-phenyl-30H,4H-spiro
[naphthalene-1,2'- [1,3,4]oxadiazol]-4-one 6c

Light Brown Solid, (159 mg, 68%),a (172 mg, 74%),b Rf: (EtOAc:
Hex ¼ 1:5): 0.69. m. p. 208e210 �C, FTIR (ATR, nmax in cm�1) 3059
(ArC-H), 1681 (C]O), 1595 (C]N). 1H NMR (400 MHz, CDCl3)
d 8.35e8.25 (m, 4H), 8.02 (d, J ¼ 9.4 Hz, 2H), 7.73e7.64 (m, 3H), 7.17
(t, J ¼ 8.1 Hz, 1H), 6.97e6.71 (m, 3H). 13C NMR (100 MHz, CDCl3)
d 175.4, 149.1, 140.7, 139.2, 136.6, 135.6, 135.2, 131.8, 130.8, 129.9,
129.1, 128.8, 128.8, 128.7, 127.3, 124.6, 122.6, 114.7, 96.5(Cq). HRMS:
required for C23H13Cl2KN3O4 [MþK]þ 503.9920 (100.0%) and found:
503.9904.
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4.2.4. 2,3-Dichloro-5'-(4-cyanophenyl)-30-phenyl-30H,4H-spiro
[naphthalene-1,2'- [1,3,4]oxadiazol]-4-one 6d

Pale yellow solid, (118 mg, 53%),a (176 mg, 79%),b Rf: (EtOAc:
Hex ¼ 1:5): 0.71. m. p. 199e201 �C, FTIR (ATR, nmax in cm�1) 3061
(ArC-H), 2247 (CN), 1679 (C]O), 1592 (C]N). 1H NMR (400 MHz,
CDCl3) d 8.28 (d, J ¼ 7.1 Hz, 1H), 7.94 (d, J ¼ 7.8 Hz, 2H), 7.72 (d,
J ¼ 7.9 Hz, 2H), 7.69e7.57 (m, 3H), 7.14 (t, J ¼ 7.3 Hz, 2H), 6.95e6.76
(m, 3H). 13C NMR (100 MHz, CDCl3) d 175.0 (C]O), 150.1, 147.2,
140.4, 138.9, 136.0, 135.2, 132.6, 131.4, 129.5, 128.8, 128.7, 128.4,
128.3, 126.6, 122.1, 118.4(CN), 114.3, 113.8, 96.0(Cq). HRMS: required
for C24H13Cl2N3NaO2 [MþNa]þ 468.0283 and found: 468.0291.
4.2.5. 2,3-Dichloro-5'-(2,4-dichlorophenyl)-30-phenyl-30H,4H-spiro
[naphthalene-1,2'- [1,3,4]oxadiazol]-4-one 6e

Dark orange solid, (164 mg, 67%),a (195 mg, 80%),b Rf: (EtOAc:
Hex ¼ 1:5): 0.68. m. p. 196e198 �C, FTIR (ATR, nmax in cm�1) 3047
(ArC-H), 1672(C]O), 1595 (C]N). 1H NMR (400 MHz, CDCl3) d 8.27
(d, J ¼ 7.6 Hz, 1H), 7.76e7.65 (m, 3H), 7.65e7.58 (m, 1H), 7.55 (d,
J ¼ 1.7 Hz, 1H), 7.30 (dd, J ¼ 8.5, 1.7 Hz, 1H), 7.13 (t, J ¼ 7.9 Hz, 2H),
6.93e6.77 (m, 3H)$13C NMR (100 MHz, CDCl3) d 175.2(C]O), 148.7,
147.6, 140.8, 139.3,136.8,135.8, 135.1, 133.7, 131.3, 131.2, 130.5,129.4,
128.8, 128.4, 128.3, 127.3, 121.9, 121.8, 114.3, 94.8(Cq). HRMS:
required for C23H12Cl4KN2O2 [MþK]þ 528.9260 and found:
528.9236.
4.2.6. 2,3-Dichloro-5'-(2,6-dichlorophenyl)-30-phenyl-30H,4H-spiro
[naphthalene-1,2'- [1,3,4]oxadiazol]-4-one 6f

Brown solid, (162 mg, 66%),a (187 mg, 76%),b Rf: (EtOAc:
Hex ¼ 1:5): 0.69. m. p. 210e212 �C, FTIR (ATR, nmax in cm�1) 3055
(ArC-H), 1682 (C]O),1598 (C]N). 1H NMR (400MHz, CDCl3) d 8.25
(d, J¼ 7.2 Hz,1H), 7.95 (d, J¼ 7.3 Hz,1H), 7.69 (d, J¼ 6.8 Hz,1H), 7.61
(d, J¼ 7.0 Hz,1H), 7.41 (d, J¼ 6.6 Hz, 2H), 7.37 (d, J¼ 6.3 Hz,1H), 7.11
(t, J ¼ 6.8 Hz, 2H), 6.89e6.75 (m, 3H). 13C NMR (100 MHz, CDCl3)
d 175.2(C]O), 147.8, 146.7, 141.0, 138.9, 136.9, 136.1, 134.9, 132.5,
131.2, 129.4, 129.0, 128.7, 128.7, 128.2, 124.0, 121.5, 114.0, 95.9(Cq).
HRMS: required for C23H12Cl4KN2O2 [MþK]þ 528.9260 and found:
528.9236.
4.2.7. 2,3-Dichloro-5'-(4-fluorophenyl)-30-phenyl-30H,4H-spiro
[naphthalene-1,2'- [1,3,4]oxadiazol]-4-one 6g

Brown solid, (131 mg, 60%),a (171 mg, 78%),b Rf: (EtOAc:
Hex ¼ 1:5): 0.71. m. p. 191e193 �C, FTIR (ATR, nmax in cm�1) 3049
(ArC-H), 1682(C]O), 1595 (C]N). 1H NMR (400 MHz, CDCl3) d 8.27
(d, J ¼ 7.4 Hz, 1H), 7.95e7.78 (m, 2H), 7.68 (t, J ¼ 8.9 Hz, 2H),
7.65e7.57 (m, 1H), 7.21e7.02 (m, 4H), 6.93e6.71 (m, 3H). 13C NMR
(100 MHz, CDCl3) d 175.3(C]O), 164.3 (d, 1JC-F ¼ 252.2 Hz), 151.0,
147.9, 141.1, 139.5, 135.8, 135.1, 131.1, 129.3, 128.8, 128.6 (d, 3JC-
F ¼ 8.8 Hz), 128.4, 128.2, 121.5, 120.9 (d, 4JC-F ¼ 3.5 Hz), 116.1 (d, 2JC-
F ¼ 22.3 Hz), 114.2, 95.5(Cq). HRMS: required for C23H14Cl2FN2O2
[MþH]þ 439.0416 and found: 439.0434.
4.2.8. 2,3-Dichloro-30-phenyl-5'-(p-tolyl)-30H,4H-spiro
[naphthalene-1,2'- [1,3,4]oxadiazol]-4-one 6h

Light orange solid, (138 mg, 64%),a (182 mg, 84%),b Rf: (EtOAc:
Hex ¼ 1:5): 0.67. m. p. 175e177 �C, FTIR (ATR, nmax in cm�1) 3026
(ArC-H), 2987 (AliphC-H), 1682 (C]O), 1601 (C]N). 1H NMR
(500 MHz, CDCl3) d 8.33e8.06 (m, 3H), 7.92e7.78 (m, 2H),
7.70e7.44 (m, 3H), 7.17e6.90 (m, 2H), 6.82e6.60 (m, 3H), 2.48 (s,
3H). 13C NMR (125 MHz, CDCl3) d 174.9(C]O), 149.9, 148.7, 140.3,
138.8, 137.9, 135.1, 131.3, 130.3, 129.4, 129.0, 128.4, 128.2, 126.9,
125.3, 124.1, 122.2, 114.3, 96.2(Cq), 21.5. HRMS: required for
C24H16Cl2N2NaO2 [MþNa]þ 457.0487 and found: 457.0452.
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