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To discover PDE4/tubulin dual inhibitors with novel skeleton structures, 7-trimethoxyphenylbenzo[d]
oxazoles 4a-u and 4-trimethoxyphenylbenzo[d]oxazoles 5a-h were designed and synthesized by
migrating the trimethoxyphenyl group of TH03 to the benzo[d]oxazole moiety. Among these compounds,
approximately half of them displayed good antiproliferative activities against glioma (U251) and lung
cancer (A549 and H460) cell lines. The structure�activity relationships of trimethoxyphenylbenzo[d]
oxazoles led to the identification of 4r bearing indol-5-yl side-chain as a novel dual PDE4/tubulin in-
hibitor, which exhibited satisfactory antiproliferative activities against glioma (IC50 ¼ 300 ± 50 nM) and
lung cancer (average IC50 ¼ 39.5 nM) cells. Further investigations revealed that 4r induced apoptosis at
G2/M phase arrest and disrupted the microtubule network. The preliminary mechanism of action
showed that 4r down-regulated the expression of cyclin B1 and its upstream regulator gene cdc25C in
A549.

© 2021 Elsevier Masson SAS. All rights reserved.
1. Introduction

Recent discoveries have indicated that single-target drugs are
not sufficiently effective for the treatment of complex intractable
diseases, such as neurological diseases [1] and cancer [2e5]. Since
2000, fast development of multitarget anticancer drugs was
observed, and many multitarget anticancer drugs were approved
owing to their satisfactory synergistic effects [6], such as entretinib
(2019) [7], pyrotinib (2018) [8], duvelisib (2018) [9], and so on.

The proliferation and differentiation of tumor cells is a complex
process, which involves several signaling molecules (e.g., cAMP and
cGMP) and proteins (e.g., microtubule). Microtubules (MTs), such as
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served.
a,b-tubulin heterodimers, play important roles in the mitosis and
signaling molecules modulating apoptosis for the life cycle of the
cell, and are important targets in cancer chemotherapy. Conversely,
cyclic adenosine monophosphate (cAMP) is involved in various
physiological processes, such as cell proliferation and differentia-
tion, cell-cycle regulation, inflammation, and apoptosis, etc. [10,11].
PDE4, a cAMP-specific hydrolyzing enzyme, plays a significant role
in asthma, chronic obstructive pulmonary disease (COPD), rheu-
matoid arthritis, Alzheimer's disease, depression, CNS tumors, and
lung cancers [12e14]. Andmany PDE4 inhibitors [15e19] have been
reported as therapeutics for the treatment of these diseases.

In addition, microtubule plays a vital role in the proliferation
and differentiation of tumor cells, which leads it to one of the best
targets for anti-cancer drugs. Anti-tubulin agents interfere in the
dynamic polymerization and depolymerization process of micro-
tubules. Unfortunately, these anti-tubulin agents are limited in the
clinic for their toxicity effects and emergence of drug resistance
[20]. One of the main reasons due to their non-selectivity toward
the cancer cell line. Multitarget drugs incorporate the pharmaco-
phores of two or more drugs into a single molecule, which interact
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with multiple targets with minimal side effects [2,21]. PDE4/
tubulin dual inhibitors were promoted in early 2012 [22], along
with the discovery of 1,1-diarylalkene derivatives (1 and 2) as PDE4
inhibitors capable of tubulin polymerization inhibitory activities.
PDE4 is mainly expressed in the brain, liver, heart, lung, olfactory
system, smooth muscle, endothelial cells, and immunocytes [13].
Therefore, we hypothesize that PDE4/tubulin dual inhibitors have
selectivity toward the cancer cell line.

Our research group is devoted to discovering antitumor drugs
with novel skeleton structures for the treatment of nervous system
tumors and lung cancer, using PDE4 and tubulin as targets [23e26].
Recently, we discovered the trimethoxyphenylpyridine bearing 6-
methoxybenzo[d]oxazole group (TH03, Fig. 1) [23] as a tubulin
colchicine binding site inhibitor with potential anticancer activities
toward human non-small cell lung cancer cells (A549) and glioma
(U251) cells. In addition, some biphenyl derivatives demonstrated
good inhibition activities against PDE4 [27e29]. Our previous
studies described the discovery of the PDE4 inhibitor BIPA29with a
biphenyl skeleton [29]. In this study, aiming to discover tubulin/
PDE4 dual inhibitors with novel skeleton structures, trimethox-
yphenylbenzo[d]oxazoles 4aeu and 5aeh were designed by
migrating the trimethoxyphenyl group to benzo[d]oxazole. Their
effects (in vitro) on lung cancer cell lines (A549 and H460), and
glioma cell lines (U251), and their mechanisms of action therapy
were elucidated.
2. Results and discussion

2.1. Chemistry

As described in Scheme 1, trimethoxyphenylbenzo[d]oxazoles
4aeu and 5aehwere synthesized in a two-step procedure, using 2-
amino-phenols 6aeb as starting material. Benzo[d]oxazole in-
termediates (7aev and 8aeh) were prepared via condensation of 2-
amino-phenols 6aeb with aryl chloride derivatives at 120 �C, or
Fig. 1. Reported dual tubulin/PDE4 inhibitors and the propos
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aryl aldehyde derivatives, followed by oxidation using 4-methoxy-
TEMPO as oxygenant. Benzo[d]oxazoles 7n and 7o bearing
hydroxyphenyl groups were obtained by the condensation reaction
of 6b and the corresponding aldehyde and directly used for the
synthesis of the target compound without separation and purifi-
cation. Benzo[d]oxazoles 7u and 7v bearing aminophenyl group
were prepared by reduction of the corresponding 7p and 7q
bearing nitrophenyl group. Subsequently, the target compounds
4aeu and 5aeh were obtained through the Suzuki reaction of 7-
bromobenzo[d]oxazoles and 4-bromobenzo[d]oxazoles with tri-
methoxyphenylboronic acid respectively.
2.2. Pharmacological evaluation

2.2.1. Antiproliferative activities and SAR analysis
Antiproliferative activities of the target compounds 4aeu and

5aeh against a panel of human glioma (U251 cell lines), human
lung cancer (A549 and H460 cell lines), and human breast cancer
(MCF-7 cell lines) were evaluated using combretastatin A-4 (CA-4),
colchicine (Col) and rolipram (Rol) as the positive control.

As shown in Table 1, trimethoxyphenylbenzo[d]oxazole de-
rivatives 4aeu and 5aeh exhibited different activities against
different types of tumors. Although trimethoxyphenylbenzo[d]
oxazoles were inactive against MCF-7 cells, approximately half of
trimethoxyphenylbenzo[d]oxazole derivatives displayed good
antiproliferative activities against glioma (U251) cell lines and hu-
man lung cancer (A549 and H460) cell lines, ranging from 0.024 to
10 mM. Among these compounds, 4e, 4h, 4n, 4p, 4q, and 4r
exhibited good activities against glioma and human lung cancer
cells (0.024 < IC50 < 6.8 mM). Moreover, compound 4l showed an
IC50 value of 680 ± 80 nM against A549. More interesting, 4p
exhibited IC50 values of 720 nM (A549 cells) and 310 nM
(H460 cells) against the tested human lung cancer. Furthermore, 4r
bearing 1H-indol-5-yl side-chain demonstrated the best anti-
proliferative activities (24 nM < IC50 < 300 nM) against glioma and
ed design of novel trimethoxyphenylbenzo[d] oxazoles.



Scheme 1. Synthetic routes for trimethoxyphenylbenzo[d]oxazoles 4aeu and 5aeh.
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human lung cancer cells. Compared to CA-4, 4r was less effective
against U251 cell lines, however, more active against human lung
cancer cell lines with an IC50 value of 39.5 nM (the average of two
human lung cancer cell lines).

Detailed analysis on the structure-activity relationships
revealed that the position of the trimethoxyphenyl group on the
benzo[d]oxazole has a great influence on antiproliferative activities.
7-trimethoxyphenylbenzo[d]oxazoles 4a, 4deg, 4k, and 4l exhibi-
ted higher antiproliferative activities toward U251 and A549 cells
compared with the corresponding 4-trimethoxyphenylbenzo[d]
oxazoles 5aeh. Moreover, the activity of 4r bearing 3,4,5-
trimethoxyphenyl group was higher than that of 4s bearing 2,3,4-
trimethoxyphenyl group. For 7-(3, 4, 5-trimethoxyphenyl) benzo
[d]oxazoles 4a-r, the substituents on the side-chain benzene ring
significantly influenced their activities. For example, benzo[d]oxa-
zole 4rwith an indole side-chain displayed higher antiproliferative
activity than the corresponding benzo[d]oxazoles with mono-
substituted phenyl side chains or disubstituted phenyl side chains.

2.2.2. Enzyme inhibition assay and immunofluorescence analysis
Base on the obtained antiproliferative activities, compounds 4l,

4n, 4p, 4q, 4r, 4t, and 4u were selected for the evaluation of the
inhibition activities of microtubule assembly and PDE4 (Table 2),
using combretastatin A-4 (CA-4), colchicine (Col), and rolipram
(Rol) as the reference. As shown in Table 2, compound 4l bearing 4-
methyl phenyl side-chain exhibited good antiproliferative activities
against A549 cells, but no inhibition activity toward tubulin poly-
merization and PDE4.

By replacing the 4-methyl phenyl side-chain of 4lwith hydrogen
bond donor substituents on the side-chain benzene ring (i.e., 4n,
4p, 4q, and 4r), their tubulin polymerization inhibition activities
increased. More interesting, replacing 4-methyl phenyl side-chain
of 4l with an indole side-chain, 4r displayed higher tubulin poly-
merization inhibitory activities than colchicine at 10 mM. Addi-
tionally, 4r demonstrated good PDE4 inhibition activity
(IC50 ¼ 1.25 mM), and nearly equal efficiency against tubulin poly-
merization. Based on these results, 4r is a promising PDE4/tubulin
inhibitor to treat lung cancer. Compared with tubulin inhibitor
combretastatin A-4 (CA-4) and colchicine (Col), dual tubulin/PDE4
3

inhibitor 4r showed a selectivity of tumor type. This may be due to
the low expression of PDE4 in human breast [13]. So, dual tubulin/
PDE4 inhibitor 4r and PDE4 inhibitors (such as rolipram, 4t, and 4u)
displayed no antiproliferative activities toward human breast can-
cer (MCF-7 cell lines). In addition, tubulin/PDE4 inhibitor 4r
showed more sensitive antiproliferative activity against lung
cancer.

To further demonstrate the advantages of dual-target inhibitors,
compounds 4t and 4u were designed and synthesized by replacing
the indole side-chain with a five-membered heterocycle (such as
thiophene ring or furan ring). Replacing the indole side-chain with
furan ring (4u), the PDE4 inhibition activities were significantly
increased. Compound 4u bearing furan ring side-chain displayed
good PDE4 inhibition activity (IC50¼ 0.57 mM), which is higher than
that of rolipram (Rol). Compared with PDE4 inhibitors (such as
rolipram, 4t, and 4u), dual tubulin/PDE4 inhibitor 4r demonstrated
higher antiproliferative activities. These results suggested that dual
tubulin/PDE4 inhibitors display good selectively and anti-
proliferative activities against lung cancer.

Tubulin plays a pivotal role in cell division owing to the dynamic
polymerization and depolymerization process of the microtubules.
Thus, the effects of 4r on the cellular microtubule network were
evaluated in A549 cells (Fig. 2). Compared to the 0.1% DMSO vehicle
control group, the microtubule network (red) was disrupted by 4r
at the concentration of 50 and 500 nM, which is similar to that of
CA-4. It revealed that 4r strongly inhibited tubulin assembly in
A549 cells.

2.2.3. Effect of 4r on the cell cycle and apoptosis
Several studies have confirmed that PDE4 inhibitors trigger

apoptosis [13,25,30], while tubulin polymerization inhibitors arrest
cells in the G2/M phase [31,32]. Therefore, the effects of 4r on the
cell cycles and cellular apoptosis in U251 and A549 cells were
evaluated at different concentrations, using microtubular inhibitor
combretastatin A-4 (CA-4) and PDE4 inhibitor rolipram as the
reference.

As shown in Fig. 3, the G2/M arrest in A549 and U251 cell lines
was induced by 4r in a concentration-dependent manner after 24 h
co-culture. The percentages of A549 and U251 cells at the G2/M



Table 1
Antiproliferative activities (IC50, mM)a of trimethoxyphenylbenzo[d]oxazole derivatives 4aeu and 5aeh.

No. Ar Glioma Lung cancer Breast cancer

U251 A549 H460 MCF-7

4a 3.5 ± 0.4 20.3 ± 2.6 6.8 ± 1.0 >25

4b >25 2.2 ± 0.2 3.5 ± 0.6 >25

4c >25 3.5 ± 0.4 >25 >25

4d 1.3 ± 0.1 2.8 ± 0.2 >25 >25

4e 1.7 ± 0.2 1.8 ± 0.2 2.8 ± 0.2 >25

4f 2.9 ± 0.1 2.6 ± 0.6 3.3 ± 0.6 >25

4g >25 8.7 ± 0.5 8.7 ± 0.5 >25

4h 6.8 ± 0.3 2.1 ± 0.2 3.8 ± 0.5 >25

4i >25 >25 >25 >25

4j 18.5 ± 2.0 >25 >25 >25

4k 1.6 ± 0.2 5.6 ± 0.8 >25 >25

4l 3.2 ± 0.3 0.68 ± 0.08 1.9 ± 0.7 >25

4m >25 16.7 ± 0.8 >25 >25

4n 5.5 ± 0.1 2.0 ± 0.5 1.9 ± 0.2 >25

4o 10.3 ± 0.5 15.7 ± 0.4 2.0 ± 0 .1 >25

4p 1.04 ± 0.02 0.72 ± 0.09 0.31 ± 0.04 >25

4q 2.2 ± 0.1 4.7 ± 0.7 2.6 ± 0.4 >25

4r 0.30 ± 0.05 0.055 ± 0.006 0.024 ± 0.002 >25

4s 9.5 ± 1.3 9.6 ± 0.5 >25 >25

4t 10.6 ± 1.7 10.3 ± 1.5 2.6 ± 0.3 >25

4u 3.0 ± 0.2 12.5 ± 0.6 1.6 ± 0.02 >25
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Table 1 (continued )

No. Ar Glioma Lung cancer Breast cancer

U251 A549 H460 MCF-7

5a >25 >25 9.0 ± 1.0 >25

5b >25 20.1 ± 0.6 8.9 ± 1.0 >25

5c >25 16.3 ± 1.7 5.7 ± 0.8 >25

5d 19.4 ± 1.4 >25 19.9 ± 0.7 >25

5e >25 >25 >25 >25

5f >25 >25 22.1 ± 1.7 >25

5g >25 >25 8.6 ± 0.7 >25

5h 16.2 ± 0.3 20.2 ± 1.4 3.1 ± 0.3 >25

CA-4 - 0.13 ± 0.01 0.60 ± 0.12 0.076 ± 0.009 0.42 ± 0.13
Col - 0.017 ± 0.001 0.024 ± 0.001 0.022 ± 0.001 0.040 ± 0.003
Rol - >100 >100 >100 >100

a All data were averaged over three separate experiments.

Table 2
Inhibitory activities of select compounds toward tubulin and PDE4.

No. Ar Tubulin PDE4CAT

1 mM (%)a 10 mM (%)a 1 mM (%)a IC50 (mM)a

4l NTc 18% NAb NTc

4n 5% 43% NAb NTc

4p 11% 36% NAb NTc

4q 14% 19% NAb NTc

4r 40% 86% 40% 1.25 ± 0.07

4t NTc 0% (NA) 39% 3.3 ± 0.07

4u NTc 0% (NA) 66% 0.57 ± 0.10

CA-4 - 52% 94% - -
Col - NTc 75% - -
Rol - - - 59% 0.64 ± 0.09

a All data were averaged over three separate experiments.
b NA means “not active”, which display the Inhibition rates (%) at 1 mM less than
10.0%.
c No tested.
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phase increased to 68.09% (4r at 500 nM) and 71.69% (4r at
1000 nM), respectively. It has been reported that PDE4 inhibitor
rolipram can block human hepatoma HepG2 cells in S phase at
10 mM [33], and arrest glioma cells in G0/G1 phase at 1 mM [34].
This suggests that PDE4 inhibitors have different cell-blocking
abilities in different types of tumor cells. In A549 cells, 4r
induced the G2/M phase and S phase arrest, and the percentage of
cells at the G0/G1 phases decreased simultaneously. Compared
with CA-4, 4r induced higher percentages of A549 at G2/M phase
and S phase.

As shown in Fig. 4, PDE4 inhibitor rolipram induce weak
apoptosis of A549 and U251 cells at low concentrations (200 nM
and 500 nM), whereas microtubular inhibitor CA-4 induced
obvious apoptosis of A549 and U251 cells. 4r also induced obvious
apoptosis of A549 and U251 cells after 24 h co-culture (Fig. 4). The
percentages of apoptosis (early apoptotic cells and late apoptotic
cells) by 4r increased in a concentration-dependent manner, from
1.437% (A549 with 0.1% DMSO) and 2.39% (U251 with 0.1% DMSO)
to 26.5% (A549 with 4r at 500 nM) and 20.98% (U251 with 4r at
1000 nM). Compared with CA-4, 4r induced weak apoptosis in
U251, but stronger apoptosis in A549.

According to these results, these results indicated that the dual
tubulin/PDE4 inhibitor 4r exhibited effects of PDE4 inhibitors and
tubulin inhibitors on the cell cycles and apoptosis at the same time,
which enhance its antitumor activities against human lung cancer
cells. PDE4/tubulin inhibitor 4r induced efficient G2/M and S phase
arrest and apoptosis in A549 cells in a concentration-dependent
manner, which stimulated further investigation on the cellular
mechanisms of 4r. It is well known that cyclin B1 and cdc25C play
important roles in the regulation of G2/M conversion in the cell
cycle. Overexpression of cyclin B1 can promote G2/M phase
transformation, leading to uncontrolled cell proliferation and ma-
lignant transformation. The cdc2/cyclin B complex is a master
switch for the G2/M phase transition to the G2 phase checkpoint
during mitosis. When the phosphatase activity of cdc25C was
inhibited, the complex activity is also blocked leading to mitosis
arrest in the G2/M phase. As shown in Fig. 5, the expression of



Fig. 2. Effects of 4r on the A549 cellular microtubule network after 24h co-culture at the concentration of 50 nM and 500 nM, using CA-4 (600 nM) as positive control and DMSO
(0.1% v/v) as vehicle control. Microtubules and the cell nucleus are stained in red and blue, respectively.

Fig. 3. Cell cycle analysis of 4r on A549 and U251 cell lines at the different concentrations after 24 h co-culture, using DMSO (0.1% v/v) as vehicle control.
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cyclin B1 and its upstream regulator gene cdc25C were down-
regulated by 4r in a dose-dependently manner.
2.3. Molecular docking

To further investigate structure-activity relationships, the mo-
lecular docking simulations of 4r and 4s in the active cavity of
tubulin (PDB: 1SA0) [35]and PDE4 (PDB: 3G4L) [27] were per-
formed in Maestro 11.1, using previously reported methods [23,29].

In the PDE4 active cavity (Fig. 6A), the 1H-Indolyl group forms
one hydrogen bond (magenta dotted lines) with Val-238 residue,
and a pep interactionwith Phe-538 residue. In addition, the benzo
[d]oxazole ring forms two pep interactions with Phe-538 and Phe-
506 residues. 3,4,5-Trimethoxyphenyl group interacts with Asn375
residue through hydrogen bonds bridging with a water molecule.
Replacing 3,4,5-trimethoxyphenyl group with 2,3,4-
6

trimethoxyphenyl group, the interaction with Asn375 residue and
pep interactions with Phe-538 and Phe-506 residues were dis-
appeared (Fig. 6C).

In the tubulin colchicine site (Fig. 6B), the binding poses of 4r are
similar to that of colchicine. The trimethoxyphenyl group in 4r
occupied the pocket of the trimethoxyphenyl group in the native
ligand with some shifting. The slight shift resulted in two hydrogen
bonds (magenta dotted lines) between the trimethoxyphenyl group
and Cys-241 of the b-subunit. The NH moiety in the imidazole ring
of 4r formed another hydrogen bond with the Ser-178 residue of
the a-subunit. The glide docking scores for 4r (�7.790) are higher
than that of the native ligand (�6.853). Replacing 3,4,5-
trimethoxyphenyl group with 2,3,4-trimethoxyphenyl group, the
hydrogen bond between the Ser-178 residue and the imidazole ring
of indole was disappeared. Molecular docking results showed that
replacing 3,4,5-trimethoxyphenyl group with 2,3,4-



Fig. 4. Effect of 4r on apoptosis after 24 h co-culture with A549 and U251 cell lines respectively, using DMSO (0.1% v/v) as vehicle control.

Fig. 5. Effect of 4r on the expression of cyclin B1 and cdc25C in A549 cell lines at the
different concentrations (50 nM, 100 nM, and 500 nM), using DMSO (0.1% v/v) as
vehicle control.
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trimethoxyphenyl group was detrimental to its inhibitory activities
toward PDE4 and tubulin, which are in good agreement with
structure-activity relationships.

3. Conclusion

In this study, a series of novel trimethoxyphenylbenzo[d]oxa-
zoles was synthesized and screened for their antitumor activities.
The screening results of antiproliferation inhibitory activity
revealed that trimethoxyphenylbenzo[d]oxazole derivatives were
inactive against MCF-7 cells; however, good antiproliferative ac-
tivities against glioma (U251) cell lines and human lung cancer
(A549 and H460) cell lines were observed. The SAR analysis of these
compounds revealed that the 4r bearing an indole side-chain as
PDE4/tubulin inhibitor exhibited the best antiproliferative activities
(24 nM < IC50 < 300 nM) against glioma and human lung cancer
7

cells. Further investigations revealed that 4r arrests the cell cycle in
the G2/M phase by down-regulating the expression of cyclin B1 and
its upstream regulator gene cdc25C, disrupting the microtubules
network, and consequently inducing efficient apoptosis.

4. Experimental section

4.1. Chemistry with materials and methods

All purchased reagents and solvents were used without further
purification. The products were purified using a preparative chro-
matography (Isolera™ Prime) or TLC (thin-layer chromatography)
silica gel plate with the solvent system indicated, or by column
chromatography on silica gel (200e300 mesh). NMR spectra were
recorded on Varian Mercury 400 spectrometer with CDCl3 or
DMSO‑d6 solution. LC-MS spectra data were obtained by a Waters
UPLC/Quattro Premier XEmass spectrometer. High-resolutionmass
spectrometry (HRLC-MS) data were acquired by Thermo Scientific
Orbitrap Fusion Tribrid mass spectrometer. Melting points were
determined in open glass capillaries by an uncorrected X-5
apparatus.

4.1.1. General procedures for the synthesis of bromobenzo[d]oxazole
analogs

General procedure A: Aryl chloride (1 mmol) and pyridine
(81 mL) were added sequentially to a solution of 2-amino-6-
bromophenol (1 mmol, 188 mg) in xylene (3.5 mL) at room tem-
perature. The mixture was stirred for 1 h at room temperature.
Then, p-toluenesulfonic acid (3 mmol) was added to the mixture.
The reaction mixture was stirred at 120 �C for 18 h, and monitored
by thin-layer chromatography. After the reaction was completed,
the reactionmixturewas cooled to room temperature, dumped into



Fig. 6. Proposed binding models of 4r (the orange ball and stick model) and 4s (the azure ball and stick model) with PDE4 (A, PDB 3G4L) and tubulin (B, PDB: 1SA0). The glide
docking scores of the native ligand roflumilast and DAMA�colchicine (green stick model) are �9.078 (3G4L) and �6.853 (1SA0), respectively.
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the water (50 mL), and extracted using ethyl acetate (2 � 20 mL).
The combined organic phases were dried with anhydrous sodium
sulfate. After filtration and evaporation, the pure product was ob-
tained by chromatography (n-hexane: ethyl acetate ¼ 25: 1, v\v).

General procedure B: 2-amino-6-bromophenol (1 mmol,
188 mg) and the corresponding aldehyde were deposited inside a
sealed pressure tube. The tube was vacuumed using an oil pump,
and then gently flushed with an ordinary purity oxygen balloon.
After exchanging oxygen and air three times, xylene (5 mL) was
added. Then, the mixture was stirred at room temperature. After
dissolving the solids, the reaction mixture was stirred at 120 �C.
After 0.5 h, a solution of xylene (0.3 mL) containing 4-methoxy-
TEMPO (0.05 mmol, 9.3 mg) was added to the mixture, which was
then stirred at 120 �C for 5 h, and monitored by thin-layer chro-
matography. After the reaction was completed, the reaction
mixture was cooled to room temperature, and concentrated under
reduced pressure. The purified compound was obtained by column
chromatography (n-hexane: ethyl acetate ¼ 15:1, v\v) of the ac-
quired residue from the previous step.

General procedure C: Reduced iron powder (5 mmol, 280 mg)
was added to a solution of bromobenzo[d]oxazole bearing nitro-
phenyl group (1 mmol) in a mixture of solvents (methanol\acetic
acid ¼ 1\1, 3 mL). Then, the mixture was stirred at 50 �C for 3 h
under an argon atmosphere, and monitored by thin-layer chro-
matography. After the reaction was completed, the reaction
mixture was cooled to room temperature and filtered. The solvent
in the obtained filtrate was removed under reduced pressure to
8

give the crude residue, which was then purified by column chro-
matography (n-hexane: ethyl acetate ¼ 10:1, v\v) to provide the
product.

7-Bromo-2-phenylbenzo[d]oxazole (7a). According to the
procedure A, 7a was synthesized by intermolecular condensation
reaction of 2-amino-6-bromophenol (1 mmol, 188mg) and benzoyl
chloride (1 mmol, 140 mg) as a white powdery solid (isolated
yield ¼ 85%). M.p.: 82.5e84.4 �C. 1H NMR (400 MHz, CDCl3)
d 8.29e8.27 (m, 2H), 7.70 (d, J ¼ 7.8 Hz, 1H), 7.58e7.52 (m, 3H), 7.49
(d, J¼ 7.4 Hz, 1H), 7.24 (t, J¼ 8.0 Hz, 1H). 13C NMR (101 MHz, CDCl3)
d 163.20, 148.97, 142.83, 131.95, 128.96, 128.19, 127.86, 126.56,
125.73, 119.03, 102.52.

7-Bromo-2-(4-methoxyphenyl)benzo[d]oxazole (7b). Ac-
cording to the procedure A, 7b was synthesized by intermolecular
condensation reaction of 2-amino-6-bromophenol (1 mmol,
188 mg) and 4-methoxybenzoyl chloride (1 mmol, 170 mg) as a
light pink solid (isolated yield¼ 82%). M.p.:128.9e129.9 �C. 1H NMR
(400 MHz, CDCl3) d 8.22 (d, J ¼ 8.8 Hz, 2H), 7.65 (dd, J ¼ 8.0, 0.4 Hz,
1H), 7.45 (dd, J ¼ 8.0, 0.4 Hz, 1H), 7.21 (t, J ¼ 10.6 Hz, 1H), 7.03 (d,
J ¼ 8.8 Hz, 2H), 3.90 (s, 3H). 13C NMR (101 MHz, CDCl3) d 163.34,
162.68, 148.86, 143.04, 129.68, 127.68, 125.58, 119.04, 118.62, 114.42,
102.32, 55.47.

7-Bromo-2-(3-methoxyphenyl)benzo[d]oxazole (7c). Accord-
ing to the procedure A, 7c was synthesized by intermolecular
condensation reaction of 2-amino-6-bromophenol (1 mmol,
188 mg) and 3-methoxybenzoyl chloride (1 mmol, 170 mg) as a
white solid (isolated yield ¼ 64%). M.p.:102.4e103.8 �C. 1H NMR
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(400 MHz, CDCl3) d 7.86 (d, J ¼ 7.8 Hz, 1H), 7.77 (s, 1H), 7.68 (dd,
J ¼ 8.0, 0.6 Hz, 1H), 7.47 (dd, J ¼ 8.0, 0.6 Hz, 1H), 7.42 (t, J ¼ 8.0 Hz,
1H), 7.22 (t, J ¼ 8.0 Hz, 1H), 7.08 (dd, J ¼ 8.4, 1.6 Hz, 1H), 3.91 (s, 3H).
13C NMR (101 MHz, CDCl3) d 163.03, 159.88, 148.88, 142.71, 130.01,
128.19, 127.63, 125.69, 120.31, 118.97, 118.55, 112.16, 102.49, 55.49.

7-Bromo-2-(3,4-dimethoxyphenyl)benzo[d]oxazole (7d). Ac-
cording to the procedure A, 7d was synthesized by intermolecular
condensation reaction of 2-amino-6-bromophenol (1 mmol,
188 mg) and 3,4-dimethoxybenzoyl chloride (1 mmol, 200 mg) as a
white solid (isolated yield ¼ 61%). M.p.: 158.4e159.5 �C. 1H NMR
(400 MHz, CDCl3) d 7.68 (d, J ¼ 8.0 Hz, 1H), 7.48 (d, J ¼ 8.0 Hz, 1H),
7.40 (d, J¼ 2.0 Hz, 2H), 7.22 (t, J¼ 8.0 Hz,1H), 6.63 (t, J¼ 2.0 Hz,1H),
3.89 (s, 6H). 13C NMR (101 MHz, CDCl3) d 163.03, 161.08, 148.89,
142.68, 128.27, 128.08, 125.71, 118.98, 105.51, 104.79, 102.51, 55.64.

7-Bromo-2-(3-fluoro-4-methoxyphenyl)benzo[d]oxazole
(7e). According to the procedure A, 7e was synthesized by inter-
molecular condensation reaction of 2-amino-6-bromophenol
(1 mmol, 188 mg) and 3-fluoro-4-methoxybenzoyl chloride
(1 mmol, 188 mg) as a white solid (isolated yield ¼ 65%). M. p.:
179.5e180.9 �C. 1H NMR (400 MHz, CDCl3) d 8.03 (d, J¼ 8.8 Hz, 1H),
7.99 (d, J ¼ 11.6 Hz, 1H), 7.66 (d, J ¼ 8.0 Hz, 1H), 7.47 (d, J ¼ 8.0 Hz,
1H), 7.22 (t, J ¼ 8.0 Hz, 1H), 7.08 (t, J ¼ 8.4 Hz, 1H), 3.98 (s, 3H). 13C
NMR (101 MHz, CDCl3) d 162.15 (d, J ¼ 3.0 Hz), 152.25 (d,
J ¼ 249 Hz), 150.96 (d, J ¼ 14 Hz), 148.90, 142.84, 128.05, 125.76,
124.63 (d, J ¼ 4.0 Hz), 119.37 (d, J ¼ 7.0 Hz), 118.82, 115.56 (d,
J ¼ 20 Hz), 113.26 (d, J ¼ 2.0 Hz), 102.40, 56.31.

7-Bromo-2-(3-fluorophenyl)benzo[d]oxazole (7f). According
to the procedure A, 7f was synthesized by intermolecular
condensation reaction of 2-amino-6-bromophenol (1 mmol,
188 mg) and 3-fluorobenzoyl chloride (1 mmol, 158.5 mg) as a
white solid (isolated yield ¼ 69%). M. p.: 116.2e117.3 �C. 1H NMR
(400 MHz, CDCl3) d 8.05 (d, J ¼ 7.8 Hz, 1H), 7.96e7.93 (m, 1H), 7.69
(d, J ¼ 7.8 Hz, 1H), 7.52e7.47 (m, 2H), 7.26e7.21 (m, 2H). 13C NMR
(101 MHz, CDCl3) d 162.86 (d, J ¼ 246 Hz), 161.87 (d, J ¼ 4.0 Hz),
148.94, 142.60, 130.68 (d, J ¼ 8.0 Hz), 128.56, 128.52 (d, J ¼ 8.0 Hz),
125.90, 123.54 (d, J ¼ 3.0 Hz), 119.21, 118.94 (d, J ¼ 21 Hz), 114.74 (d,
J ¼ 24 Hz), 102.59.

7-Bromo-2-(4-fluorophenyl)benzo[d]oxazole (7g). According
to the procedure A, 7g was synthesized by intermolecular
condensation reaction of 2-amino-6-bromophenol (1 mmol,
188 mg) and 4-fluorobenzoyl chloride (1 mmol, 158.5 mg) as a
white solid (isolated yield ¼ 64%). M. p.: 156.2e158.1 �C. 1H NMR
(400 MHz, CDCl3) d 8.29 (d, J ¼ 5.6 Hz, 1H), 8.27 (d, J ¼ 5.6 Hz, 1H),
7.68 (d, J¼ 7.4 Hz,1H), 7.48 (d, J¼ 8.0 Hz,1H), 7.25e7.20 (m, 3H). 13C
NMR (101 MHz, CDCl3) d 165.06 (d, J ¼ 252 Hz), 162.27, 148.96,
142.76, 130.13 (d, J ¼ 9.0 Hz), 128.22, 125.81, 122.87 (d, J ¼ 3.0 Hz),
118.99, 116.28 (d, J ¼ 22 Hz), 102.49.

7-Bromo-2-(3-bromophenyl)benzo[d]oxazole (7h). According
to the procedure A, 7h was synthesized by intermolecular
condensation reaction of 2-amino-6-bromophenol (1 mmol,
188 mg) and 3-bromobenzoyl chloride (1 mmol, 219.5 mg) as a
white solid (isolated yield ¼ 62%). M. p.: 137.4e138.5 �C. 1H NMR
(400 MHz, CDCl3) d 8.41 (t, J ¼ 1.6 Hz, 1H), 8.19 (dd, J ¼ 7.8, 1.0 Hz,
1H), 7.70e7.66 (m, 2H), 7.50 (d, J ¼ 8.0 Hz, 1H), 7.40 (t, J ¼ 8.0 Hz,
1H), 7.24 (t, J ¼ 8.0 Hz, 1H). 13C NMR (101 MHz, CDCl3) d 161.57,
148.96,142.56,134.82,130.62,130.47,128.60,128.40,126.29,125.94,
123.04, 119.22, 102.61.

7-Bromo-2-(4-bromophenyl)benzo[d]oxazole (7i). According
to the procedure A, 7i was synthesized by intermolecular conden-
sation reaction of 2-amino-6-bromophenol (1 mmol, 188 mg) and
4-bromobenzoyl chloride (1 mmol, 219.5 mg) as a white solid
(isolated yield ¼ 75%). M.p.:170.9e172.0 �C. 1H NMR (400 MHz,
CDCl3) d 8.15 (d, J ¼ 8.6 Hz, 2H), 7.71e7.67 (m, 3H), 7.51 (dd, J ¼ 8.0,
0.8 Hz, 1H), 7.25 (t, J ¼ 8.0 Hz, 1H). 13C NMR (101 MHz, CDCl3)
d 162.31, 148.97, 142.72, 132.33, 129.23, 128.48, 126.79, 125.93,
9

125.49, 119.13, 102.58.
7-Bromo-2-(3-chlorophenyl)benzo[d]oxazole (7j) According

to the procedure A, 7j was synthesized by intermolecular conden-
sation reaction of 2-amino-6-bromophenol (1 mmol, 188 mg) and
3-chlorobenzoyl chloride (1 mmol, 175 mg) as a white solid (iso-
lated yield ¼ 75%). M. p.: 158.1e159.0 �C. 1H NMR (400 MHz, CDCl3)
d 8.21 (d, J ¼ 8.4 Hz, 2H), 7.69 (d, J ¼ 8.0 Hz, 1H), 7.52e7.49 (m, 3H),
7.24 (t, J ¼ 7.6 Hz, 1H). 13C NMR (101 MHz, CDCl3) d 162.20, 148.95,
142.71, 138.28, 129.34, 129.07, 128.43, 125.89, 125.03, 119.10, 102.55.

7-Bromo-2-(4-chlorophenyl)benzo[d]oxazole (7k). According
to the procedure A, 7k was synthesized by intermolecular
condensation reaction of 2-amino-6-bromophenol (1 mmol,
188 mg) and 4-chlorobenzoyl chloride (1 mmol, 175 mg) as a white
solid (isolated yield ¼ 73%). M. p.: 137.4e138.5 �C. 1H NMR
(400 MHz, CDCl3) d 8.21 (d, J ¼ 8.6 Hz, 2H), 7.69 (d, J ¼ 8.0 Hz, 1H),
7.53e7.49 (m, 3H), 7.24 (t, J¼ 8.0 Hz,1H). 13C NMR (101MHz, CDCl3)
d 162.21, 148.96, 142.72, 138.29, 129.35, 129.08, 128.43, 125.90,
125.04, 119.11, 102.56.

7-Bromo-2-(p-tolyl)benzo[d]oxazole (7l). According to the
procedure A, 7l was synthesized by intermolecular condensation
reaction of 2-amino-6-bromophenol (1 mmol, 188 mg) and 4-
methylbenzoyl chloride (1 mmol, 154 mg) as a white solid (iso-
lated yield ¼ 84%). M.p.: 97.5e98.7 �C. 1H NMR (400 MHz, CDCl3)
d 8.17 (d, J ¼ 8.0 Hz, 2H), 7.68 (d, J ¼ 8.0 Hz, 1H), 7.47 (d, J ¼ 8.0 Hz,
1H), 7.34 (d, J ¼ 8.0 Hz, 2H), 7.23 (t, J ¼ 8.0 Hz, 1H), 2.45 (s, 3H). 13C
NMR (101 MHz, CDCl3) d 163.46, 148.88, 142.91, 142.59, 129.69,
127.95, 127.82, 125.63, 123.77, 118.84, 102.43, 21.68.

7-Bromo-2-(m-tolyl)benzo[d]oxazole (7m). According to the
procedure A, 7m was synthesized by intermolecular condensation
reaction of 2-amino-6-bromophenol (1 mmol, 188 mg) and 3-
methylbenzoyl chloride (1 mmol, 154 mg) as a white solid (iso-
lated yield ¼ 57%). M.p.:100.5e102.2 �C. 1H NMR (400 MHz, CDCl3)
d 8.10e8.07 (m, 2H), 7.69 (d, J ¼ 8.0 Hz, 1H), 7.48 (d, J ¼ 8.0 Hz, 1H),
7.42 (t, J ¼ 7.4 Hz, 1H), 7.37 (d, J¼ 7.4 Hz, 1H), 7.23 (t, J¼ 8.0 Hz, 1H),
2.46 (s, 3H). 13C NMR (101 MHz, CDCl3) d 163.41, 148.94, 142.83,
138.82, 132.80, 128.86, 128.34, 128.11, 126.40, 125.69, 125.04, 118.96,
102.49, 21.33.

7-Bromo-2-(4-nitrophenyl)benzo[d]oxazole (7p). According
to the procedure B, 7p was synthesized by intermolecular
condensation reaction of 2-amino-6-bromophenol (1 mmol,
188 mg) and p-nitrobenzaldehyde (1 mmol, 151 mg) as a white
powder (isolated yield ¼ 89%). M. p.: 184.2e185.3 �C. 1H NMR
(400 MHz, DMSO‑d6) d 8.48e8.43 (m, 4H), 7.91 (d, J ¼ 8.0 Hz, 1H),
7.74 (d, J ¼ 8.0 Hz, 1H), 7.43 (t, J ¼ 8.0 Hz, 1H). 13C NMR (101 MHz,
DMSO‑d6) d 160.78, 149.56, 148.76, 142.32, 131.61, 129.47, 129.00,
127.11, 124.76, 120.07, 102.26.

7-bromo-2-(3-nitrophenyl)benzo[d]oxazole (7q): According
to the procedure B, 7q was synthesized by intermolecular
condensation reaction of 2-amino-6-bromophenol (1 mmol,
188 mg) and 3-nitrobenzaldehyde (1 mmol, 151 mg) as a light gray
powder (isolated yield ¼ 83%). M. p.: 152.3e153.9 �C. 1H NMR
(400 MHz, DMSO‑d6) d 8.84 (s, 1H), 8.60 (d, J¼ 8.0 Hz, 1H), 8.50 (dd,
J ¼ 8.4, 1.4 Hz, 1H), 7.94 (t, J ¼ 8.0 Hz, 1H), 7.89 (d, J ¼ 8.0 Hz, 1H),
7.73 (d, J ¼ 8.0 Hz, 1H), 7.42 (t, J ¼ 8.0 Hz, 1H). 13C NMR (101 MHz,
DMSO‑d6) d 160.61, 148.57, 148.40, 142.14, 133.52, 131.50, 129.18,
127.49, 126.98, 126.76, 121.92, 119.85, 102.18.

7-Bromo-2-(1H-indol-5-yl)benzo[d]oxazole (7r). According to
the procedure B, 7r was synthesized by intermolecular condensa-
tion reaction of 2-amino-6-bromophenol (1mmol,188mg) and 1H-
indole-5-carbaldehyde (1 mmol, 145 mg) as a white solid (isolated
yield ¼ 97%). M. p.: 137.8e138.6 �C. 1H NMR (400 MHz, DMSO‑d6)
d 11.56 (s, 1H), 8.48 (s, 1H), 7.97 (dd, J ¼ 8.6, 1.6 Hz, 1H), 7.77 (d,
J¼ 8.0 Hz,1H), 7.63 (d, J¼ 8.6 Hz,1H), 7.59 (d, J¼ 8.0 Hz,1H), 7.53 (t,
J ¼ 2.8 Hz, 1H), 7.34 (t, J ¼ 8.0 Hz, 1H), 6.69 (s, 1H). 13C NMR
(101MHz, DMSO‑d6) d 164.51, 148.32, 142.96, 138.20, 127.99, 127.63,
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127.55, 126.31, 120.78, 120.59, 118.80, 116.66, 112.56, 102.75, 101.65.
7-Bromo-2-(furan-2-yl)benzo[d]oxazole (7s). According to the

procedure A, 7s was synthesized by intermolecular condensation
reaction of 2-amino-6-bromophenol (1 mmol, 188 mg) and furan-
2-carbonyl chloride (1 mmol, 131 mg) as a yellow powdery solid
(isolated yield ¼ 65%). M. p.: 135.6e136.1 �C. 1H NMR (400 MHz,
CDCl3) d 7.69e7.66 (m, 2H), 7.48 (d, J ¼ 8.0 Hz, 1H), 7.34 (d,
J ¼ 3.6 Hz, 1H), 7.23 (t, J ¼ 8.0 Hz, 1H), 6.63 (dd, J ¼ 3.4, 1.6 Hz, 1H).
13C NMR (101 MHz, CDCl3) d 155.26, 148.31, 146.15, 142.35, 141.94,
128.30, 125.95, 119.07, 115.17, 112.31, 102.38.

7-Bromo-2-(thiophen-2-yl)benzo[d]oxazole (7t). According
to the procedure A, 7t was synthesized by intermolecular
condensation reaction of 2-amino-6-bromophenol (1 mmol,
188 mg) and thiophene-2-carbonyl chloride (1 mmol, 147 mg) as a
light pink solid (isolated yield¼ 53%). M. p.: 117.4e119.3 �C. 1H NMR
(400 MHz, CDCl3) d 7.99e7.97 (m, 1H), 7.65 (d, J ¼ 8.0 Hz, 1H), 7.59
(d, J ¼ 5.0 Hz, 1H), 7.47 (d, J ¼ 8.0 HZ, 1H), 7.24e7.17 (m, 2H). 13C
NMR (101 MHz, CDCl3) d 148.63, 142.73, 130.93, 130.74, 128.88,
128.33, 128.15, 125.87, 118.78, 102.30.

4-(7-Bromobenzo[d]oxazol-2-yl)aniline (7u). According to the
procedure C, 7s was synthesized by reduction of 7p (1 mmol,
319mg) as a light gray powder product (isolated yield¼ 96%). M. p.:
175.4e177.1 �C. 1H NMR (400 MHz, DMSO‑d6) d 7.88 (d, J ¼ 8.6 Hz,
2H), 7.66 (d, J¼ 7.8 Hz,1H), 7.51 (d, J¼ 8.0 Hz,1H), 7.28 (t, J¼ 8.0 Hz,
1H), 6.73 (d, J ¼ 8.6 Hz, 2H), 6.09 (s, 2H). 13C NMR (101 MHz,
DMSO‑d6) d 163.97, 153.15, 148.02, 143.16, 129.40, 126.93, 126.11,
118.28, 113.75, 112.01, 101.39.

3-(7-Bromobenzo[d]oxazol-2-yl)aniline (7v). According to the
procedure C, 7t was synthesized by reduction of 7q (1 mmol,
319 mg) as a white solid (isolated yield ¼ 95%). M. p.:
157.9e158.4 �C. 1H NMR (400 MHz, DMSO‑d6) d 7.79 (d, J ¼ 7.8 Hz,
1H), 7.64 (d, J ¼ 7.8 Hz, 1H), 7.44 (s, 1H), 7.38e7.35 (m, 2H), 7.26 (t,
J ¼ 7.8 Hz, 1H), 6.83 (d, J ¼ 7.6 Hz, 1H), 5.55 (s, 2H). 13C NMR
(101 MHz, DMSO‑d6) d 163.45, 149.70, 148.34, 142.58, 130.08,
128.26, 126.56, 126.44, 119.33, 117.92, 115.02, 112.22, 101.88.

4-Bromo-2-phenylbenzo[d]oxazole (8a). According to the
procedure A, 8a was synthesized by intermolecular condensation
reaction of 2-amino-3-bromophenol (1 mmol, 188 mg) and benzoyl
chloride (1 mmol, 140.5 mg) as a white solid (isolated yield ¼ 85%).
M. p.: 112.4e114.6 �C. 1H NMR (400 MHz, CDCl3) d 8.30 (dd, J ¼ 8.0,
1.4 Hz, 2H), 7.57e7.50 (m, 5H), 7.22 (t, J ¼ 8.0 Hz, 1H). 13C NMR
(101 MHz, CDCl3) d 163.49, 150.82, 141.67, 131.93, 128.86, 127.97,
127.78, 126.57, 125.87, 112.70, 109.72.

4-Bromo-2-(3,4-dimethoxyphenyl)benzo[d]oxazole (8b). Ac-
cording to the procedure A, 8b was synthesized by intermolecular
condensation reaction of 2-amino-3-bromophenol (1 mmol,
188 mg) and 3,4-dimethoxybenzoyl chloride (1 mmol, 200 mg) as a
white solid (isolated yield ¼ 64%). M. p.: 147.1e148.9 �C. 1H NMR
(400 MHz, CDCl3) d 7.90 (dd, J ¼ 8.4,1.8 Hz, 1H), 7.80 (d, J ¼ 1.8 Hz,
1H), 7.51 (d, J¼ 8.0 Hz, 2H), 7.20 (t, J¼ 8.0 Hz,1H), 6.99 (d, J¼ 8.4 Hz,
1H), 4.03 (s, 3H), 3.98 (s, 3H). 13C NMR (101 MHz, CDCl3) d 163.60,
152.35, 150.76, 149.20, 141.82, 127.66, 125.44, 121.72, 119.17, 112.24,
110.96, 110.43, 109.49, 56.20, 56.04.

4-Bromo-2-(3,5-dimethoxyphenyl)benzo[d]oxazole (8c). Ac-
cording to the procedure A, 8c was synthesized by intermolecular
condensation reaction of 2-amino-3-bromophenol (1 mmol,
188 mg) and 3,5-dimethoxybenzoyl chloride (1 mmol, 200 mg) as a
white solid (isolated yield ¼ 69%). M. p.: 154.3e155.2 �C. 1H NMR
(400 MHz, CDCl3) d 7.53 (d, J ¼ 8.0 Hz, 2H), 7.44 (s, 2H), 7.23 (t,
J ¼ 8.0 Hz, 1H), 6.64 (s, 1H), 3.90 (s, 6H). 13C NMR (101 MHz, CDCl3)
d 163.38, 161.06, 150.79, 141.59, 128.17, 127.83, 125.98, 112.69,
109.74, 105.63, 104.98, 55.70.

4-Bromo-2-(3-fluoro-4-methoxyphenyl)benzo[d]oxazole
(8d). According to the procedure A, 8d was synthesized by inter-
molecular condensation reaction of 2-amino-3-bromophenol
10
(1 mmol, 188 mg) and 3-fluoro-4-methoxybenzoyl chloride
(1 mmol, 188 mg) as a white solid (isolated yield ¼ 71%). M. p.:
124.3e125.1 �C. 1H NMR (400 MHz, CDCl3) d 8.06 (d, J¼ 8.8 Hz, 1H),
8.01 (dd, J ¼ 11.6, 2.0 Hz, 1H), 7.52 (d, J ¼ 3.6 Hz, 1H), 7.50 (d,
J¼ 3.6 Hz, 1H), 7.21 (t, J¼ 8.0 Hz, 1H), 7.08 (t, J¼ 8.4 Hz, 1H), 3.98 (s,
3H). 13C NMR (101 MHz, CDCl3) d 162.45 (d, J ¼ 3.0 Hz), 152.14 (d,
J ¼ 256 Hz), 150.96, 150.74,141.66, 127.78, 125.72, 124.76 (d,
J ¼ 4.0 Hz), 119.36 (d, J ¼ 8.0 Hz), 115.64 (d, J ¼ 21 Hz), 113.16 (d,
J ¼ 2.0 Hz), 112.45, 109.60, 56.28.

4-Bromo-2-(3-fluorophenyl)benzo[d]oxazole (8e). According
to the procedure A, 8e was synthesized by intermolecular
condensation reaction of 2-amino-3-bromophenol (1 mmol,
188 mg) and 3-fluorobenzoyl chloride (1 mmol, 158.5 mg) as a
white solid (isolated yield ¼ 58%). M. p.: 131.4e133.5 �C. 1H NMR
(400 MHz, CDCl3) d 8.09 (d, J ¼ 7.8 Hz, 1H), 8.01e7.98 (m, 1H),
7.55e7.48 (m, 3H), 7.27e7.23 (m, 2H). 13C NMR (101 MHz, CDCl3)
d 162.87 (d, J ¼ 246 Hz), 162.24 (d, J ¼ 3.0 Hz), 150.84, 141.51, 130.64
(d, J ¼ 8.0 Hz), 128.59 (d, J ¼ 9.0 Hz), 128.02, 126.29, 123.70 (d,
J¼ 3.0 Hz), 118.97 (d, J¼ 21 Hz), 114.88 (d, J¼ 24 Hz), 112.97, 109.84.

4-Bromo-2-(4-fluorophenyl)benzo[d]oxazole (8f). According
to the procedure A, 8f was synthesized by intermolecular
condensation reaction of 2-amino-3-bromophenol (1 mmol,
188 mg) and 4-fluorobenzoyl chloride (1 mmol, 158.5 mg) as a
white solid (isolated yield ¼ 73%). M. p.: 137.4e138.2 �C. 1H NMR
(400 MHz, CDCl3) d 8.29 (dd, J ¼ 8.8, 5.4 Hz, 2H), 7.52 (dd, J ¼ 8.0,
2.6 Hz, 2H), 7.24e7.18 (m, 3H). 13C NMR (101 MHz, CDCl3) d 165.06
(d, J ¼ 252 Hz), 162.5, 150.81, 141.61, 130.25 (d, J ¼ 9.0 Hz), 127.86,
125.91, 122.89 (d, J ¼ 3.0 Hz), 116.19 (d, J ¼ 22 Hz), 112.67, 109.70.

4-Bromo-2-(4-chlorophenyl)benzo[d]oxazole (8g). According
to the procedure A, 8g was synthesized by intermolecular
condensation reaction of 2-amino-3-bromophenol (1 mmol,
188 mg) and 4-chlorobenzoyl chloride (1 mmol, 175 mg) as a white
solid (isolated yield ¼ 72%). M. p.: 172.9e174.1 �C. 1H NMR
(400 MHz, CDCl3) d 8.22 (d, J ¼ 8.6 Hz, 2H), 7.54e7.49 (m, 4H), 7.23
(t, J ¼ 8.0 Hz, 1H). 13C NMR (101 MHz, CDCl3) d 162.49, 150.79,
141.56, 138.25, 129.25, 129.18, 127.94, 126.11, 125.04, 112.80, 109.75.

4-Bromo-2-(p-tolyl)benzo[d]oxazole (8h). According to the
procedure A, 8h was synthesized by intermolecular condensation
reaction of 2-amino-3-bromophenol (1 mmol, 188 mg) and 4-
methylbenzoyl chloride (1 mmol, 154 mg) as a white solid (iso-
lated yield¼ 81%). M. p.: 102.7e103.6 �C. 1H NMR (400MHz, CDCl3)
d 8.16 (d, J ¼ 8.2 Hz, 2H), 7.48 (dd, J ¼ 8.0, 1.4 Hz, 2H), 7.30 (d,
J ¼ 8.2 Hz, 2H), 7.18 (t, J ¼ 8.0 Hz, 1H), 2.41 (s, 3H). 13C NMR
(101 MHz, CDCl3) d 163.68, 150.68, 142.50, 141.69, 129.54, 127.89,
127.60, 125.56, 123.74, 112.44, 109.56, 21.63.

4.1.2. General procedures for the synthesis of
trimethoxyphenylbenzo[d]oxazoles 4a-u and 5a-h

To a mixture of bromobenzo[d]oxazoles (1 mmol) and K2CO3
(1.09 mmol, 0.15 g) in mixed solvent (DMF: EtOH: H2O ¼ 7:2:1,
5 mL), a solution of Pd(PPh3)4 (0.04mmol, 0.046 g) inmixed solvent
(DMF: EtOH: H2O ¼ 7:2:1, 0.5 mL) was added under Ar at 80 �C.
Then, the reaction mixture was stirred at 80 �C for 10 h. After the
reaction was completed, the reaction mixture was cool to room
temperature, and dumped into the water (50 mL), and extracted
with ethyl acetate (3 � 15 mL). The organic layer was dried by
sodium sulfate and concentrated in a vacuum to provide a crude.
The obtained crude was purified by chromatography (n-hexane:
ethyl acetate ¼ 10:1, v\v) to yield the corresponding trimethox-
yphenylbenzo[d]oxazoles.

2-Phenyl-7-(3,4,5-trimethoxyphenyl)benzo[d]oxazole (4a).
White solid (isolated yield ¼ 79%). M. p.: 154.4e155.6 �C. 1H NMR
(400 MHz, CDCl3) d 8.27e8.25 (m, 2H), 7.75 (d, J ¼ 7.8 Hz, 1H),
7.55e7.52 (m, 4H), 7.43 (t, J ¼ 7.8 Hz, 1H), 7.15 (s, 2H), 3.99 (s, 6H),
3.96 (s, 3H). 13C NMR (101 MHz, CDCl3) d 163.10, 153.51, 148.07,
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142.81, 138.18, 131.66, 131.17, 129.01, 127.53, 127.09, 125.08, 123.96,
118.97, 105.58, 61.00, 56.28. HR-MS (ESI) calcd for C22H20NO4 [M þ
H]þ: 362.1387, found: 362.1398.

2-(4-Methoxyphenyl)-7-(3,4,5-trimethoxyphenyl)benzo[d]
oxazole (4b). White solid (isolated yield ¼ 73%). M. p.:
136.5e137.4 �C. 1H NMR (400 MHz, CDCl3) d 8.19 (d, J ¼ 8.8 Hz, 2H),
7.70 (d, J¼ 7.8 Hz, 1H), 7.49 (d, J¼ 7.6 Hz, 1H), 7.40 (t, J¼ 7.8 Hz, 1H),
7.14 (s, 2H), 7.03 (d, J ¼ 8.8 Hz, 2H), 3.99 (s, 6H), 3.96 (s, 3H), 3.89 (s,
3H). 13C NMR (101 MHz, CDCl3) d 163.21, 162.41, 153.47, 147.94,
142.97, 138.10, 131.28, 129.27, 124.88, 124.82, 123.45, 119.55, 118.57,
114.44, 105.56, 60.98, 56.25, 55.44. HR-MS (ESI) calcd for
C23H22NO5[M þ H]þ: 392.1493, found: 392.1507.

2-(3-Methoxyphenyl)-7-(3,4,5-trimethoxyphenyl)benzo[d]
oxazole (4c). White solid (isolated yield ¼ 67%). M. p.:
123.3e124.7 �C. 1H NMR (400 MHz, CDCl3) d 7.85 (d, J ¼ 7.6 Hz, 1H),
7.80 (s, 1H), 7.75 (d, J ¼ 7.8 Hz, 1H), 7.53 (d, J ¼ 7.8 Hz, 1H), 7.44 (t,
J ¼ 7.6 Hz, 2H), 7.16 (s, 2H), 7.11e7.09 (m, 1H), 3.99 (s, 6H), 3.96 (s,
3H), 3.91 (s, 3H). 13C NMR (101MHz, CDCl3) d 163.02,160.00,153.52,
148.06, 142.78, 138.16, 131.13, 130.10, 128.26, 125.10, 125.06, 123.99,
119.96, 118.97, 118.31, 112.00, 105.53, 61.01, 56.25, 55.49. HR-MS
(ESI) calcd for C23H22NO5 [M þ H]þ: 392.1493, found: 392.1505.

2-(3,4-Dimethoxyphenyl)-7-(3,4,5-trimethoxyphenyl)benzo
[d]oxazole (4d). Light pink solid (isolated yield ¼ 47%). M. p.:
162.5e163.7 �C. 1H NMR (400 MHz, CDCl3) d 7.84 (d, J ¼ 8.4 Hz, 1H),
7.78 (s, 1H), 7.71 (d, J ¼ 7.8 Hz, 1H), 7.50 (d, J ¼ 7.6 Hz, 1H), 7.42 (t,
J ¼ 7.8 Hz, 1H), 7.16 (s, 2H), 7.00 (d, J ¼ 8.4 Hz, 1H), 4.01 (s, 3H), 3.99
(s, 6H), 3.97 (s, 3H), 3.96 (s, 3H). 13C NMR (101MHz, CDCl3) d 163.21,
153.50, 152.14, 149.33, 148.00, 142.91, 138.12, 131.26, 124.99, 124.84,
123.57, 121.08, 119.67, 118.58, 111.09, 110.00, 105.55, 61.01, 56.24,
56.09, 56.06. HR-MS (ESI) calcd for C24H24NO6 [M þ H]þ: 422.1598,
found: 422.1612.

2-(3-Fluoro-4-methoxyphenyl)-7-(3,4,5-trimethoxyphenyl)
benzo[d]oxazole (4e). White solid (isolated yield ¼ 51%). M. p.:
160.1e161.2 �C. 1H NMR (400 MHz, CDCl3) d 8.01 (d, J ¼ 8.6 Hz, 1H),
7.97e7.94 (m, 1H), 7.71 (d, J ¼ 7.8 Hz, 1H), 7.51 (d, J ¼ 7.6 Hz, 1H),
7.42 (t, J ¼ 7.8 Hz, 1H), 7.12e7.07 (m, 3H), 3.99 (s, 6H), 3.98 (s, 3H),
3.96 (s, 3H). 13C NMR (101 MHz, CDCl3) d 162.09 (d, J ¼ 2.0 Hz),
153.53, 152.30 (d, J ¼ 246 Hz), 150.70 (d, J ¼ 11 Hz), 148.02, 142.82,
138.22,131.14,125.11,125.01,124.20 (d, J¼ 4.0 Hz),123.88,119.96 (d,
J¼ 7.0 Hz), 118.78, 115.29 (d, J¼ 21 Hz), 113.37(d, J¼ 2.0 Hz), 105.59,
61.01, 56.32, 56.28. HR-MS (ESI) calcd for C23H21NO5F [M þ H]þ:
410.1396, found: 410.1412.

2-(3-Fluorophenyl)-7-(3,4,5-trimethoxyphenyl)benzo[d]oxa-
zole (4f). White solid (isolated yield ¼ 54%). M. p.: 116.5e117.9 �C.
1H NMR (400 MHz, CDCl3) d 8.05 (d, J ¼ 7.8 Hz, 1H), 7.95 (d,
J ¼ 9.2 Hz, 1H), 7.75 (d, J ¼ 7.8 Hz, 1H), 7.55 (d, J ¼ 7.6 Hz, 1H),
7.52e7.49 (m, 1H), 7.45 (t, J ¼ 7.8 Hz, 1H), 7.24e7.23 (m, 1H), 7.13 (s,
2H), 3.99 (s, 6H), 3.96 (s, 3H). 13C NMR (101MHz, CDCl3) d 162.93 (d,
J ¼ 246 Hz), 161.86 (d, J ¼ 3.0 Hz), 153.55, 148.09, 142.65, 138.28,
130.99,130.76 (d, J¼ 8.0 Hz),129.13 (d, J¼ 9.0 Hz),125.28,125.26 (d,
J¼ 4.0 Hz),124.37,123.21 (d, J¼ 3.0 Hz), 119.15,118.65 (d, J¼ 22 Hz),
114.47 (d, J ¼ 24 Hz), 105.59, 61.01, 56.28. HR-MS (ESI) calcd for
C22H19NO4F [M þ H]þ: 380.1293, found: 380.1304.

2-(4-Fluorophenyl)-7-(3,4,5-trimethoxyphenyl)benzo[d]oxa-
zole (4g). White solid (isolated yield ¼ 58%). M. p.: 148.5e149.7 �C.
1H NMR (400 MHz, CDCl3) d 8.28e8.24 (m, 2H), 7.73 (d, J ¼ 7.6 Hz,
1H), 7.52 (d, J¼ 7.2 Hz, 1H), 7.44 (t, J¼ 7.8 Hz, 1H), 7.23 (t, J¼ 8.6 Hz,
2H), 7.12 (s, 2H), 3.98 (s, 6H), 3.96 (s, 3H). 13C NMR (101MHz, CDCl3)
d 164.87 (d, J ¼ 252 Hz), 162.24, 153.53, 148.08, 142.72, 138.25,
131.12, 129.75 (d, J ¼ 9.0 Hz), 125.17, 125.16 (d, J ¼ 2.0 Hz), 124.08,
123.41 (d, J ¼ 3.0 Hz), 118.92, 116.33 (d, J ¼ 22 Hz), 105.63, 61.01,
56.30. HR-MS (ESI) calcd for C22H19NO4F [M þ H]þ: 380.1293,
found: 380.1290.

2-(3-Bromophenyl)-7-(3,4,5-trimethoxyphenyl)benzo[d]
oxazole (4h). White solid (isolated yield ¼ 62%). M. p.:
11
148.3e149.9 �C. 1H NMR (400 MHz, CDCl3) d 8.42 (s, 1H), 8.19 (d,
J ¼ 7.8 Hz, 1H), 7.75 (d, J ¼ 8.0 Hz, 1H), 7.68 (dd, J ¼ 8.0, 0.8 Hz, 1H),
7.56 (d, J ¼ 7.8 Hz, 1H), 7.47e7.40 (m, 2H), 7.14 (s, 2H), 4.00 (s, 6H),
3.96 (s, 3H). 13C NMR (101 MHz, CDCl3) d 161.51, 153.56, 148.09,
142.64, 138.27,134.51, 130.93, 130.58, 130.52, 128.99, 125.92, 125.33,
125.19,124.33,123.08,119.17,105.53, 61.03, 56.27. HR-MS (ESI) calcd
for C22H19NO4Br [M þ H]þ: 440.0492, found: 440.0511.

2-(4-Bromophenyl)-7-(3,4,5-trimethoxyphenyl)benzo[d]
oxazole (4i). White solid (isolated yield ¼ 61%). M. p.:
135.9e137.5 �C. 1H NMR (400 MHz, CDCl3) d 8.19 (d, J ¼ 8.4 Hz, 2H),
7.74 (d, J¼ 7.8 Hz,1H), 7.54e7.50 (m, 3H), 7.44 (t, J¼ 7.8 Hz,1H), 7.12
(s, 2H), 3.98 (s, 6H), 3.96 (s, 3H). 13C NMR (101MHz, CDCl3) d 162.13,
153.53, 148.07, 142.69, 138.26, 137.93, 131.05, 129.38, 128.73, 125.56,
125.23, 125.19, 124.25, 119.01, 105.61, 61.00, 56.28. HR-MS (ESI)
calcd for C22H19NO4Br [M þ H] þ : 440.0492, found: 440.0609.

2-(3-Chlorophenyl)-7-(3,4,5-trimethoxyphenyl)benzo[d]
oxazole (4j). White solid (isolated yield ¼ 61%). M. p.:
145.6e147.5 �C. 1H NMR (400 MHz, CDCl3) d 8.26 (s, 1H), 8.14 (d,
J¼ 7.2 Hz,1H), 7.75 (d, J¼ 7.8 Hz,1H), 7.56e7.43 (m, 4H), 7.14 (s, 2H),
4.00 (s, 6H), 3.96 (s, 3H). 13C NMR (101MHz, CDCl3) d 161.68,153.55,
148.09, 142.64, 138.26, 135.17, 131.60, 130.95, 130.35, 128.78, 127.60,
125.49, 125.32, 125.22, 124.35, 119.17, 105.53, 61.02, 56.27. HR-MS
(ESI) calcd for C22H19NO4Cl [M þ H]þ: 396.0997, found: 396.1011.

2-(4-Chlorophenyl)-7-(3,4,5-trimethoxyphenyl)benzo[d]oxa-
zole (4k).White solid (isolated yield ¼ 75%). M. p.: 144.0e145.1 �C.
1H NMR (400 MHz, CDCl3) d 8.19 (d, J ¼ 8.6 Hz, 2H), 7.74 (dd, J¼ 7.8,
1.2 Hz, 1H), 7.54e7.50 (m, 3H), 7.44 (t, J ¼ 7.8 Hz, 1H), 7.12 (s, 2H),
3.98 (s, 6H), 3.96 (s, 3H). 13C NMR (101MHz, CDCl3) d 162.12, 153.54,
148.08, 142.72, 138.27, 137.91, 131.06, 129.38, 128.72, 125.58, 125.23,
125.18, 124.24, 119.02, 105.62, 61.00, 56.29. HR-MS (ESI) calcd for
C22H19NO4Cl [M þ H]þ: 396.0997, found: 396.1011.

2-(p-Tolyl)-7-(3,4,5-trimethoxyphenyl)benzo[d]oxazole (4l).
Light pink solid (isolated yield ¼ 86%). M. p.: 147.5e148.8 �C. 1H
NMR (400 MHz, CDCl3) d 8.15 (d, J ¼ 8.0 Hz, 2H), 7.73 (d, J ¼ 7.8 Hz,
1H), 7.51 (d, J¼ 7.2 Hz,1H), 7.42 (t, J¼ 7.8 Hz,1H), 7.34 (d, J¼ 8.0 Hz,
2H), 7.15 (s, 2H), 3.99 (s, 6H), 3.96 (s, 3H), 2.45 (s, 3H). 13C NMR
(101 MHz, CDCl3) d 163.36, 153.50, 147.99, 142.91, 142.24, 138.16,
131.24, 129.74, 127.50, 124.97, 124.95, 124.33, 123.71, 118.81, 105.59,
61.00, 56.27, 21.64. HR-MS (ESI) calcd for C23H22NO4[M þ H]þ:
376.1543, found: 376.1558.

2-(m-Tolyl)-7-(3,4,5-trimethoxyphenyl)benzo[d]oxazole
(4m). White solid (isolated yield ¼ 54%). M. p.: 152.9e154.2 �C. 1H
NMR (400 MHz, CDCl3) d 8.11 (s, 1H), 8.05 (d, J ¼ 7.6 Hz, 1H), 7.74
(dd, J ¼ 7.8, 1.0 Hz, 1H), 7.53 (dd, J ¼ 7.8, 1.0 Hz, 1H), 7.45e7.41 (m,
2H), 7.36 (d, J ¼ 7.4 Hz, 1H), 7.16 (s, 2H), 4.00 (s, 6H), 3.96 (s, 3H),
2.46 (s, 3H). 13C NMR (101 MHz, CDCl3) d 163.28, 153.49, 148.02,
142.83, 138.82, 138.12, 132.48, 131.16, 128.91, 128.16, 126.92, 125.03,
124.97, 124.60, 123.81, 118.91, 105.51, 61.00, 56.22, 21.36. HR-MS
(ESI) calcd for C23H22NO4 [M þ H]þ: 376.1543, found: 376.1555.

3-(7-(3,4,5-Trimethoxyphenyl)benzo[d]oxazol-2-yl)phenol
(4n). The condensation reaction of 6b and 4-hydroxybenzaldehyde
give intermediate product 7n, which was directly used without
separation and purification in the next step for the synthesis of 4n
as white solid (isolated yield¼ 81%). M. p.: 244.4e245.4 �C. 1H NMR
(400 MHz, DMSO‑d6) d 9.98 (s, 1H), 7.78 (d, J ¼ 7.8 Hz, 1H), 7.72 (d,
J ¼ 7.6 Hz, 1H), 7.67 (d, J ¼ 7.6 Hz, 1H), 7.61 (s, 1H), 7.49 (t, J ¼ 7.8 Hz,
1H), 7.44 (t, J ¼ 8.0 Hz, 1H), 7.26 (s, 2H), 7.03 (d, J ¼ 7.8 Hz, 1H), 3.93
(s, 6H), 3.76 (s, 3H). 13C NMR (101 MHz, DMSO‑d6) d 162.63, 158.10,
153.39, 147.62, 142.46, 137.81, 130.77, 130.52, 127.69, 125.43, 124.62,
124.25, 119.37, 118.93, 118.23, 113.78, 105.66, 60.31, 56.21. HR-MS
(ESI) calcd for C22H18NO5 [M � H]-: 376.1190, found: 376.1185.

2-Methoxy-4-(7-(3,4,5-trimethoxyphenyl)benzo[d]oxazol-2-
yl)phenol (4o). The condensation reaction of 6b and 4-hydroxy-3-
methoxybenzaldehyde give intermediate product 7o, which was
directly used without separation and purification in the next step
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for the synthesis of 4o as white solid (isolated yield ¼ 63%). M. p.:
120.6e121.5 �C. 1H NMR (400 MHz, DMSO‑d6) d 9.98 (s, 1H),
7.72e7.70 (m, 4H), 7.45 (t, J ¼ 7.8 Hz, 1H), 7.30 (s, 2H), 7.01 (d,
J ¼ 8.8 Hz, 1H), 3.94 (s, 6H), 3.90 (s, 3H), 3.76 (s, 3H). 13C NMR
(101 MHz, DMSO‑d6) d 163.06, 153.39, 150.72, 148.18, 147.51, 142.77,
137.77, 130.54, 125.26, 124.19, 123.53, 121.37, 118.42, 117.49, 116.27,
110.65, 105.55, 60.31, 56.16, 55.70. Negative HR-MS (ESI) calcd for
C23H20NO6 [M � H]-: 406.1296, found: 406.1290.

4-(7-(3,4,5-Trimethoxyphenyl)benzo[d]oxazol-2-yl)aniline
(4p). Light gray solid (isolated yield ¼ 76%). M. p.: 203.5e204.2 �C.
1H NMR (400 MHz, DMSO‑d6) d 7.88 (d, J ¼ 8.4 Hz, 2H), 7.62 (t,
J¼ 8.4 Hz, 2H), 7.40 (t, J¼ 7.8 Hz,1H), 7.25 (s, 2H), 6.71 (d, J¼ 8.4 Hz,
2H), 5.99 (s, 2H), 3.92 (s, 6H), 3.76 (s, 3H). 13C NMR (101 MHz,
DMSO‑d6) d 163.88, 153.34, 152.75, 147.27, 143.08, 137.67, 130.79,
129.10, 124.95, 123.97, 122.89, 117.91, 113.79, 112.84, 105.56, 60.29,
56.16. HR-MS (ESI) calcd for C22H21N2O4 [MþH]þ: 377.1496, found:
377.1492.

3-(7-(3,4,5-Trimethoxyphenyl)benzo[d]oxazol-2-yl)aniline
(4q). Light gray solid (isolated yield ¼ 68%). M. p.: 165.8e167.1 �C.
1H NMR (400 MHz, DMSO‑d6) d 7.75 (d, J ¼ 7.8 Hz, 1H), 7.70 (d,
J ¼ 7.6 Hz, 1H), 7.47 (t, J ¼ 7.8 Hz, 1H), 7.44 (s, 1H), 7.36 (t, J ¼ 8.2 Hz,
1H), 7.27e7.23 (m, 3H), 6.81 (d, J ¼ 8.0 Hz, 1H), 5.50 (s, 2H), 3.93 (s,
6H), 3.76 (s, 3H). 13C NMR (101 MHz, DMSO‑d6) d 163.34, 153.37,
149.61, 147.54, 142.53, 137.74, 130.59, 129.99, 127.05, 125.31, 124.55,
124.07, 118.78, 117.52, 114.75, 112.11, 105.60, 60.29, 56.19. HR-MS
(ESI) calcd for C22H21N2O4 [M þ H]þ: 377.1496, found: 377.1493.

2-(1H-Indol-5-yl)-7-(3,4,5-trimethoxyphenyl)benzo[d]oxa-
zole (4r). White solid (isolated yield ¼ 82%). M. p.: 214.1e214.7 �C.
1H NMR (400 MHz, DMSO‑d6) d 11.53 (s, 1H), 8.48 (s, 1H), 7.99 (d,
J¼ 8.4 Hz,1H), 7.73 (d, J¼ 7.8 Hz,1H), 7.68 (d, J¼ 7.6 Hz,1H), 7.63 (d,
J ¼ 8.4 Hz, 1H), 7.51 (s, 1H), 7.46 (t, J ¼ 7.8 Hz, 1H), 7.31 (s, 2H), 6.66
(s, 1H), 3.96 (s, 6H), 3.78 (s, 3H). 13C NMR (101 MHz, DMSO‑d6)
d 164.45, 153.40, 147.59, 142.95, 138.03, 137.77, 130.74, 128.01,
127.53, 125.17, 124.28, 123.45, 120.46, 120.45, 118.40, 117.39, 112.55,
105.66, 102.68, 60.34, 56.21. Negative HR-MS (ESI) calcd for
C24H19N2O4 [M � H]-: 399.1350, found: 399.1344.

2-(1H-Indol-5-yl)-7-(2,3,4-trimethoxyphenyl)benzo[d]oxa-
zole (4s). White solid (isolated yield ¼ 76%). M. p.: 116.6e167.8 �C.
1H NMR (400 MHz, DMSO‑d6) d 11.49 (s, 1H), 8.38 (s, 1H), 7.92 (d,
J¼ 9.0 Hz,1H), 7.71 (d, J¼ 7.8 Hz,1H), 7.57 (d, J¼ 8.6 Hz,1H), 7.48 (s,
1H), 7.41 (t, J¼ 7.8 Hz, 1H), 7.33 (d, J¼ 7.6 Hz, 1H), 7.27 (d, J¼ 8.6 Hz,
1H), 7.00 (d, J ¼ 8.6 Hz, 1H), 6.62 (s, 1H), 3.90 (s, 3H), 3.85 (s, 3H),
3.74 (s, 3H). 13C NMR (101 MHz, DMSO‑d6) d 164.21, 153.97, 151.45,
148.35, 142.18, 142.06, 137.94, 127.93, 127.44, 125.69, 125.43, 124.59,
121.94, 120.48, 120.37, 118.05, 117.39, 112.44, 108.20, 102.61, 61.10,
60.61, 56.14. HR-MS (ESI) calcd for C24H21N2O4 [M þ H]þ: 401.1496,
found: 401.1494.

2-(Furan-2-yl)-7-(3,4,5-trimethoxyphenyl)benzo[d]oxazole
(4t). light pink solid (isolated yield¼ 65%). M. p.: 144.2e145.7 �C. 1H
NMR (400 MHz, CDCl3) d 7.72 (d, J ¼ 7.8 Hz, 1H), 7.68 (d, J ¼ 0.8 Hz,
1H), 7.53 (d, J ¼ 7.2 Hz, 1H), 7.43 (t, J ¼ 7.8 Hz, 1H), 7.27 (s, 1H), 7.12
(s, 2H), 6.64e6.62 (m, 1H), 3.98 (s, 6H), 3.94 (s, 3H). 13C NMR
(101 MHz, CDCl3) d 155.39, 153.49, 147.46, 145.86, 142.54, 142.35,
138.20, 130.88, 125.30, 125.06, 124.06, 119.02, 114.30, 112.26, 105.56,
60.97, 56.23. HRMS (ESI) calcd for C20H18NO5 [M þ H]þ: 352.1180,
found: 352.1190.

2-(Thiophen-2-yl)-7-(3,4,5-trimethoxyphenyl)benzo[d]oxa-
zole (4u). light pink solid (isolated yield ¼ 53%). M. p.:
151.5e152.4 �C. 1H NMR (400 MHz, CDCl3) d 7.91 (d, J ¼ 3.6 Hz, 1H),
7.70 (d, J¼ 7.8 Hz,1H), 7.57 (d, J¼ 4.8 Hz,1H), 7.52 (d, J¼ 7.6 Hz,1H),
7.42 (t, J ¼ 7.8 Hz, 1H), 7.20 (t, J ¼ 4.4 Hz, 1H), 7.15 (s, 2H), 3.99 (s,
6H), 3.95 (s, 3H). 13C NMR (101 MHz, CDCl3) d 159.07, 153.47, 147.66,
142.72, 138.09, 130.92, 130.36, 129.87, 129.51, 128.36, 125.21, 124.78,
123.78, 118.71, 105.40, 60.98, 56.21. HRMS (ESI) calcd for
C20H18NO4S [M þ H]þ: 368.0951, found: 368.0960.
12
2-Phenyl-4-(3,4,5-trimethoxyphenyl)benzo[d]oxazole (5a).
White solid (isolated yield ¼ 71%). M. p.: 94.1e95.2 �C. 1H NMR
(400 MHz, CDCl3) d 8.30e8.28 (m, 2H), 7.56e7.52 (m, 5H), 7.41 (t,
J ¼ 7.8 Hz, 1H), 7.36 (s, 2H), 4.00 (s, 6H), 3.94 (s, 3H). 13C NMR
(101 MHz, CDCl3) d 162.82, 153.27, 151.40, 139.78, 138.06, 132.80,
132.68, 131.49, 128.85, 127.65, 127.20, 125.11, 123.04, 109.34, 106.37,
60.93, 56.24. HR-MS (ESI) calcd for C22H20NO4 [M þ H]þ: 362.1387,
found: 362.1385.

2-(3,4-Dimethoxyphenyl)-4-(3,4,5-trimethoxyphenyl)benzo
[d]oxazole (5b). White solid (isolated yield ¼ 72%). M. p.:
107.9e109.1 �C. 1H NMR (400 MHz, CDCl3) d 7.89 (dd, J¼ 8.4, 1.5 Hz,
1H), 7.80 (s, 1H), 7.54 (d, J ¼ 4.0 Hz, 1H), 7.52 (d, J ¼ 4.0 Hz, 1H), 7.38
(t, J ¼ 8.0 Hz, 1H), 7.35 (s, 2H), 7.00 (d, J ¼ 8.4 Hz, 1H), 4.00 (s, 3H),
3.99 (s, 6H), 3.97 (s, 3H), 3.94 (s, 3H). 13C NMR (101 MHz, CDCl3)
d 162.92, 153.25, 151.99, 151.35, 149.14, 139.93, 138.00, 132.78,
132.43, 124.68, 122.97, 121.27, 119.82, 111.05, 110.21, 109.15, 106.36,
60.93, 56.16, 56.03, 56.02. HR-MS (ESI) calcd for C24H24NO6 [M þ
H]þ: 422.1598, found: 422.1595.

2-(3,5-Dimethoxyphenyl)-4-(3,4,5-trimethoxyphenyl)benzo
[d]oxazole (5c): White solid (isolated yield ¼ 64%). M. p.:
112.1e113.5 �C. 1H NMR (400 MHz, CDCl3) d 7.55 (d, J ¼ 3.2 Hz, 1H),
7.53 (d, J¼ 2.7 Hz,1H), 7.44 (d, J¼ 2.2 Hz, 2H), 7.41 (t, J¼ 8.0 Hz,1H),
7.35 (s, 2H), 6.63 (s, 1H), 3.99 (s, 6H), 3.94 (s, 3H), 3.88 (s, 6H). 13C
NMR (101 MHz, CDCl3) d 162.68, 161.03, 153.26, 151.36, 139.68,
138.05,132.80,132.62,128.78, 125.21,123.06, 109.35, 106.37, 105.40,
104.32, 60.93, 56.16, 55.56. HR-MS (ESI) calcd for C24H24NO6 [M þ
H]þ: 422.1598, found: 422.1593.

2-(3-Fluoro-4-methoxyphenyl)-4-(3,4,5-trimethoxyphenyl)
benzo[d]oxazole (5d). White solid (isolated yield ¼ 64%). M. p.:
141.3e142.5 �C. 1H NMR (400 MHz, CDCl3) d 8.04 (d, J ¼ 8.8 Hz, 1H),
7.99 (dd, J ¼ 11.7,1.8 Hz, 1H), 7.53 (d, J ¼ 8.0 Hz, 2H), 7.40 (t,
J ¼ 8.4 Hz, 1H), 7.33 (s, 2H), 7.09 (t, J ¼ 8.4 Hz, 1H), 3.99 (s, 6H), 3.98
(s, 3H), 3.94 (s, 3H). 13C NMR (101 MHz, CDCl3) d 161.84 (d,
J ¼ 2.0 Hz), 153.28, 152.25 (d, J ¼ 245 Hz), 151.36, 150.57 (d,
J ¼ 11 Hz), 139.79, 138.08, 132.67 (d, J ¼ 2.0 Hz), 125.00, 124.34 (d,
J¼ 3.0 Hz), 123.13, 120.13 (d, J¼ 7.0 Hz), 115.40 (d, J ¼ 21 Hz), 113.24
(d, J¼ 2.0 Hz), 109.24, 106.36, 60.94, 56.31, 56.25. HR-MS (ESI) calcd
for C23H21NO5F [M þ H]þ: 410.1398, found: 410.1393.

2-(3-Fluorophenyl)-4-(3,4,5-trimethoxyphenyl)benzo[d]oxa-
zole (5e): White solid (isolated yield ¼ 61%). M. p.: 116.1e117.1 �C.
1H NMR (400 MHz, CDCl3) d 8.08 (d, J ¼ 7.8 Hz, 1H), 7.97 (d,
J ¼ 9.0 Hz, 1H), 7.57e7.53 (m, 2H), 7.51e7.48 (m, 1H), 7.44 (t,
J¼ 8.0 Hz, 1H), 7.33 (s, 2H), 7.23 (dd, J¼ 8.4, 1.8 Hz, 1H), 3.99 (s, 6H),
3.94 (s, 3H). 13C NMR (101 MHz, CDCl3) d 162.86 (d, J ¼ 251 Hz),
161.65 (d, J ¼ 3.0 Hz), 153.31, 151.42, 139.61, 138.16, 133.11, 132.51,
130.60 (d, J ¼ 8.0 Hz), 129.24 (d, J ¼ 9.0 Hz), 125.54, 123.37 (d,
J¼ 3.0 Hz),123.29,118.50 (d, J¼ 21 Hz),114.56 (d, J¼ 24Hz), 109.43,
106.39, 60.95, 56.26. HR-MS (ESI) calcd for C22H19NO4F [M þ H]þ:
380.1293, found: 380.1291.

2-(4-Fluorophenyl)-4-(3,4,5-trimethoxyphenyl)benzo[d]oxa-
zole (5f): White solid(isolated yield ¼ 67%). M. p.: 131.7e133.3 �C.
1H NMR (400 MHz, CDCl3) d 8.29e8.26 (m, 2H), 7.54 (s, 1H), 7.52 (s,
1H), 7.41 (t, J ¼ 8.0 Hz, 1H), 7.33 (s, 2H), 7.21 (t, J ¼ 8.6 Hz, 2H), 3.99
(s, 6H), 3.94 (s, 3H). 13C NMR (101 MHz, CDCl3) d 164.79 (d,
J ¼ 251 Hz), 161.94, 153.27, 151.38, 139.70, 138.09, 132.83, 132.61,
129.84 (d, J¼ 9.0 Hz), 125.13, 123.50 (d, J¼ 3.0 Hz), 123.16, 116.12 (d,
J ¼ 22 Hz), 109.29, 106.36, 60.92, 56.23. HR-MS (ESI) calcd for
C22H19NO4F [M þ H]þ: 380.1293, found: 380.1292.

2-(4-Chlorophenyl)-4-(3,4,5-trimethoxyphenyl)benzo[d]
oxazole (5g). White solid (isolated yield ¼ 69%). M. p.:
143.7e144.9 �C. 1H NMR (400MHz, CDCl3) d 8.21 (d, J¼ 8.4 Hz, 2H),
7.54 (d, J¼ 7.8 Hz, 2H), 7.50 (d, J¼ 8.4 Hz, 2H), 7.42 (t, J¼ 8.0 Hz,1H),
7.32 (s, 2H), 3.99 (s, 6H), 3.94 (s, 3H). 13C NMR (101 MHz, CDCl3)
d 161.87, 153.29, 151.39, 139.68, 138.14, 137.74, 132.98, 132.56,
129.23, 128.88, 125.68, 125.36, 123.25, 109.35, 106.39, 60.94, 56.25.
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HR-MS (ESI) calcd for C22H19NO4Cl [M þ H]þ:396.0997, found:
396.0994.

2-(p-Tolyl)-4-(3,4,5-trimethoxyphenyl)benzo[d]oxazole (5h).
White solid (isolated yield ¼ 73%). M. p.: 113.3e114.5 �C. 1H NMR
(400 MHz, CDCl3) d 8.17 (d, J ¼ 8.0 Hz, 2H), 7.54 (d, J ¼ 2.6 Hz, 1H),
7.52 (d, J ¼ 2.2 Hz, 1H), 7.39 (t, J ¼ 7.8 Hz, 1H), 7.36 (s, 2H), 7.33 (d,
J ¼ 8.0 Hz, 2H), 3.99 (s, 6H), 3.94 (s, 3H), 2.44 (s, 3H). 13C NMR
(101 MHz, CDCl3) d 163.08, 153.26, 151.32, 142.03, 139.86, 138.01,
132.76, 132.61, 129.58, 127.63, 124.85, 124.43, 122.96, 109.24, 106.37,
60.93, 56.23, 21.65. HR-MS (ESI) calcd for C23H22NO4 [M þ H]þ:
376.1543, found: 376.1541.

4.2. Pharmacology

Cell culture, anti-proliferative assays, tubulin polymerization
assay, inhibitory screening assay, and immunofluorescence staining
of tubulin were performed according to our previously reported
procedures [23e25,36e38], which are described in the Supporting
Information.

4.2.1. Western blot assay
A549 cells were seeded into six-well plates and incubated

overnight, then treated with 4r for 24 h at different concentrations
(50, 100, and 500 nM). After the treatment, cells were lysed, and
total protein was extracted in RIPA lysis buffer containing 1% pro-
tease inhibitors and 1% phosphatase inhibitors. Lysates were
centrifuged for 15 min at 12,000 rpm, and the supernatants in a
centrifuge tube were used for Western blot analysis. Proteins were
separated by 10% SDS-PAGE and transferred to PVDF membranes.
The membranes were blocked with 5% skim milk for 1 h at room
temperature and then incubated overnight at 4 �Cwith the primary
antibodies. On the next day, the membranes were washed three
times with TBST (5 min each time) and then incubated with goat
anti-mouse or anti-rabbit HRP-conjugated secondary antibody.
Finally, the protein bands were visualized using an ECL Western
Blot Kit and analyzed by the Image J software.

4.3. Molecular docking

Molecular docking was performed according to our previously
reported procedures [23,29], which are described in the Supporting
Information. The crystal structures tubulin with colchicine (PDB:
1SA0) [35] and PDE4D with roflumilast (PDB code 3G4L) [27] were
used as the template.
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