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ABSTRACT ARTICLE HISTORY

A silver carbonate-based method to synthesize benzoxazoles from Received 13 August 2022
imines has been developed. The reaction is extremely mild, tolerates
several heterocycles and functional groups, and provides highly func-
tionalized benzoxazoles in modest to good yields. The reaction pro-
ceeds in an array of solvents and atmospheric conditions,
demonstrating the robustness of this oxidation method and its abil-
ity to provide an alternative method for the easy preparation and
isolation of these bioactive compounds.
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Introduction

The benzoxazole moiety has conferred promising therapeutic effects in a variety of
applications due to its biological activity within the body. Studies have described various
therapeutic drugs with this shared pharmacophore that serve as antiviral, antifungal,
antibiotic, and anticancer agents.""! Benzoxazoles in particular are known for their abil-
ity to inhibit kinases, including CLK1®! and VEGFR2."*) Given this range of biological
activity, many researchers continue to prepare a series of substituted benzoxazoles to
produce new treatments for a broad spectrum of human diseases.

Several methods have been developed to synthesize benzoxazole compounds, with
most methods involving the oxidative cyclization of phenolic imines generated in situ
from the condensation of 2-aminophenols and aldehydes. For example, Cao et al.
reported in 2010 that an iron-catalyzed coupling reaction of 2-aminophenols and
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benzaldehydes affords substituted aryl benzoxazoles.*! While this reaction tolerated an
array of substrates and led to highly substituted benzoxazoles, it required an oxygen
atmosphere and flash chromatography purification. Alternatively, Kawashita et al. devel-
oped a method without the usage of metal oxides by instead using an oxygen atmos-
phere and activated charcoal.””! This reaction is complete in 4h with the addition of
heat, but column chromatography is required to isolate pure product and only a hand-
ful of functional groups are reported. More recently, Cho et al. reported a cyanide-based
cyclization and oxidation of imines producing benzoxazoles compounds in high yield.!®
However, the nucleophilic nature of the cyanide oxidizer limited the functional group
tolerability and again column chromatography was necessary for the purification and
isolation of the products.

Results and discussion

Our lab became interested in the synthesis of benzoxazoles as potential inhibitors of
casein kinase 2 (CK2), which is upregulated in several cancers.”! The overexpression of
CK2 has been tied to cancer development due to its role in inducing transcription fac-
tors and upregulating processes including cell proliferation, survival, migration, and
inflammation, all of which are vital markers of cancer cells.”® Since we were interested
in preparing several dozen benzoxazole inhibitors with a wide range of functionality, we
searched for a suitably mild cyclization/oxidation strategy. We first attempted to utilize
the previously reported charcoal/O, method'” but we were unable to obtain the
reported yields with more diversely substituted benzoxazoles. We also attempted to
reproduce a reported method that used iodine as the oxidizing agent'”! but again we
were unable to achieve the reported yields with our substituted benzoxazoles. Given
these issues, we decided to see if we could develop an alternative oxidation method that
was mild enough to tolerate a broader range of functional groups. We previously dis-
covered that silver salts could be used in the cyclization/oxidation of tetrahydro-S-car-
bolines to obtain f-carbolines without the need for purification by chromatography!'®!
and were curious if we could use silver salts again to prepare our desired benzoxazoles.
Our resultant studies using the imine formed by the condensation of 2-aminophenol
with p-tolualdehyde as a model compound are detailed in Table 1.

We began by utilizing the same procedure we previously optimized for the oxidation
of tetrahydro--carbolines, which was to reflux a DMF solution containing 2 eq. of sil-
ver carbonate and lithium carbonate for 24h."") We were pleasantly surprised to find
that an aliquot of the final reaction mixture indicated full conversion to the product by
'H NMR (Table 1, Entry 1). We next tested whether other available silver salts could
also give product after an overnight reflux, finding that both silver oxide and silver
chloride provided full conversion to product, but that silver nitrate gave a complex mix-
ture of byproducts (Table 1, Entries 2-4). We decided to use silver carbonate for subse-
quent reactions since it is the most inexpensive commercially available silver salt. We
then tested other solvents, finding that both protic and aprotic solvents (even water)
provided the product in full conversion, although the reaction proceeds very slowly in
water likely due to the poor solubility of the imine starting material (Table 1, Entries
5-8). We also investigated the role of atmospheric oxygen and light in the presence of
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Table 1. Investigations of the silver-mediated preparation of 2-(4-methylphenyl)-1,3-benzoxazole.

O ”
O o O
OH o

2 eq. base

24h reflux
Entry Silver salt Base Solvent Atm. Conversion® (%)
1 2eq. Ag,CO; Li,COs DMF Air 100
2 2eq. Ag,0 Li,COs DMF Air 100
3 2 eq. AgCl Li,CO5 DMF Air 100
4 2 eq. AgNO; Li,CO3 DMF Air b
5 2eq. Ag,CO; Li,COs ACN Air 100
7 2eq. Ag,CO;, Li,CO; 'PrOH Air 100
8¢ 2eq. Ag,COs Li,CO3 H,0 Air 100
9 2eq. Ag,CO; Li,COs DMF Argon 100
1 2eq. Ag,CO; Li,COs DMF Air? 100
12 None None DMF Air 15
13 None Li,COs DMF Air 56
14 None Li,CO; DMF 0, 80
15 1eq. Ag,COs Li,COs DMF Air 100
16 0.5eq. Ag,COs Li,CO3 DMF Air 84
17 1eq. Ag,CO3 K,CO5 ACN Air 100
18 1eq. Ag,CO3 None ACN Air 59

2Calculated by "H NMR.

PComplex mixture of byproducts observed.
“Reaction requires 5D reflux to reach completion.
dReaction run in the dark.

silver carbonate, finding that the reaction proceeds to full completion in both an argon
and pure oxygen atmosphere, as well as in a flask open to the air in the dark (Table 1,
Entries 9-11). In the absence of silver, the reaction still partially proceeds in an open-
air flask with faster conversion observed when the base is present (Table 1, Entries 12
and 13). Moreover, the reaction proceeds to 80% completion in a pure oxygen atmos-
phere in the absence of silver (Table 1, Entry 14). These results indicate that both oxy-
gen gas and Ag’ salts contribute to product formation. The role of silver in the
oxidation process is also supported by the fact that a silver mirror is sometimes
observed in the product flask (while other times small nuggets of silver metal are
obtained). Given the increased risk of fires and explosions when utilizing a pure oxygen
atmosphere, we opted to continue to use an open-air flask procedure. Since atmospheric
oxygen contributes to product formation, we tried smaller equivalents of Ag,CO; and
found that 1eq. provided full conversion after an overnight reflux, but that 0.5eq. only
gave slightly more than half conversion to product (Table 1, Entries 15 and 16). Given
our results, we decided to use 1eq. of Ag,COj3 in acetonitrile in an open-air flask. We
selected acetonitrile due to its lower boiling point compared to DMF, making it easier
to remove under reduced pressure. We also found that switching to the less expensive
K,CO; instead of Li,COj; afforded full conversion to product, but that the base is still
required for full conversion (Table 1, Entries 17 and 18). We believe it is feasible that
fewer equivalents of Ag,CO; could likely be used in a pure oxygen atmosphere, but we
decided to avoid this method due to the safety concerns mentioned previously. While
some additional questions remain, such as a better understanding of the kinetics and
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Table 2. Synthesis of substituted benzoxazoles using Ag,COs.
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Table 2. Continued.
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mechanism of this reaction, we decided that our procedure was sufficiently optimized
for our purposes and decided to move on to investigate the substrate scope for this
novel reaction.

With our optimized procedure in hand, we then tested a variety of substituted ben-
zoxazoles as shown in Table 2. Reactions were performed on a 2mmol scale and the
product was isolated using only a series of filtrations to remove the unwanted salts (see
Supporting Information).

This procedure was highly tolerant of a wide variety of functional groups and yields
ranged from modest to very good (23-95%). Halide, alkyl, and electron-rich substitutions
generally provided the best yields (Table 2, Entries 1-4, 9, and 11), while cyano, nitro, and
bromo-substituted benzoxazoles were isolated with the lowest observed yields (Table 2,
Entries 5, 6, and 8). Interestingly, a trifluoromethyl-substituted benzoxazole was isolated in
71% yield (Table 2, Entry 7) in contrast to the low yields observed for benzoxazoles with
other electron-withdrawing substituents. Benzoxazoles bearing heterocycles were readily
obtained with this method, with a 1,3-benzodioxole, pyridine and furan substituted ben-
zoxazoles obtained in good yields. Since our group was interested in some possible cou-
pling chemistry, we also investigated a selection of boronic acid and pinacol borane
substitutions and were pleased to see that they were also tolerated by this synthetic
method, providing the product benzoxazoles in 31-88% yields (Table 2, Entries 16-18).

Conclusion

The synthesis of substituted benzoxazoles from the corresponding imines using Ag,CO;
is a new way to prepare these synthetically and biologically useful compounds. Products
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are readily isolated by a simple filtration method without the need for chromatography
or a pure oxygen atmosphere after refluxing the reaction solvent overnight in the pres-
ence of an excess carbonate base. While a handful of substitutions provided the product
in modest yields, this method tolerates a wide range of functionality including halides,
esters, amides, ethers, boronic acids, and pinacol boronates. Moreover, the reaction can
be run in a variety of solvents—both protic and aprotic. In conclusion, this method pro-
vides an exceptionally mild alternative for the preparation of substituted benzoxazoles.

Experimental
General information

'H and C and Nuclear Magnetic Resonance (NMR) spectra were obtained on a 300 or
400 MHz instrument using CDCl; as the solvent. Chemical shifts were reported as o val-
ues in parts per million (ppm) relative to the solvent. All reactions were performed open
to the atmosphere unless indicated otherwise. Analytical thin layer chromatography
(TLC) was performed on aluminum-backed 250 um layer silica plates visualized with
either 254 or 365nm wavelengths. Sonication was performed in an Ultrasonic Cleaner
GB928. All melting points are uncorrected. All solvents were used without purification
and no attempts were made to exclude atmospheric moisture unless indicated otherwise
in the following procedures. Glassware was dried for at least 1h in a 90°C oven before
use. FT-IR was obtained using a Nicolet iS5. HRMS was determined using an LCMS sys-
tem consisting of a Shimadzu Prominence UFLC with LC-20ADXR pumps, SIL-20AXR
autosampler, CTO-20AC column oven, and SPD-M20A DAD detector. All HRMS sam-
ples were prepared at 1 mg/mL in MeOH, then diluted 1:20 in MeOH for testing with
2 uL injection volume, and mass was detected with an ABSciex TripleTOF 5600+ with
CDS (Calibrant Delivery System) and DuoSpray Ion Source in positive ionization mode.

General procedure for the synthesis of imines

Following a previously reported procedure,""! 5.0 mmol of the aminophenol (1eq.) and

5.0mmol of aldehyde (1eq.) are dissolved in 17 mL of DCM, giving a 0.30 M solution,
in a round-bottomed flask equipped with a stir bar. The solution is gently stirred, then
a large excess (3.3g) of either MgSO, or Na,SO, is added to the mixture. The flask is
capped with a septum to prevent evaporation and allowed to stir. The reaction is
monitored by either TLC or by taking an "H NMR of an aliquot of the solution. Most
substrates are complete in 1-3 days, although some substrates can take 7-10 days. Once
the reaction is complete, the solution is filtered to remove the solids, and the filtrate is
concentrated under reduced pressure using a rotary evaporator to obtain the product.
Products were confirmed to have >95% purity by '"H NMR and were used without
further purification.

General silver-mediated preparation of benzoxazoles

On a 2.0mmol scale, 1eq. of imine (2.0 mmol), 1eq. of Ag,CO; (0.55g, 2.0 mmol), and
2eq. of K,CO; (0.55g, 4.0 mmol) are placed in a round bottom flask equipped with a
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stir bar. Twenty milliliters of acetonitrile is then added and the mixture is gently stirred.
A condenser is attached to the top of the flask and the mixture is refluxed for 16 h. As
the reaction proceeds, the mixture often takes on a dark, metallic color and either a sil-
ver mirror or silver nuggets appear in the flask. Once the reaction is confirmed com-
plete by TLC, the crude mixture is first filtered through a course-fritted filter to remove
the solids. The reaction flask is then washed 2x with 5-10mL of acetonitrile and this
solvent is poured through the same fritted filter to also wash the captured solids, com-
bining the organic layers. These combined acetonitrile layers are then filtered a second
time, this time through a fine fritted filter. This twice-filtered solution is then evapo-
rated under reduced pressure using a rotary evaporator to obtain the crude product,
often as a dark solid. The flask holding the crude solid is filled with D. I. water, and the
crude product is dispersed into the water with a spatula and/or sonication. Once the
product has been fully suspended in the water as a heterogenous mixture, this solution
is filtered through a Buchner funnel to capture the solid. Alternatively, the combined
twice-filtered acetonitrile solution can be slowly dripped into a beaker holding a large
volume of stirring D.I. water (~250mL) to precipitate out the product, which can be
captured using a Buchner filter as previously discussed. The captured solid is washed
2x more with D.I. water and drying the isolated solid provides the final compound.
Yield and characterization data for all compounds are provided in the Supporting
Information document.
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