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ABSTRACT ARTICLE HISTORY

This review presents an overview of recent advances and approaches Received 17 July 2022
in the metal-free synthesis of substituted 1,3-oxazole derivatives,

which will enable organic researchers to identify the challenges in

synthesizing these five-membered heterocyclic compounds. .
Specifically, 1,3-oxazole moiety containing compounds have been Metal-free synthesis;
pec Yo L . Y g compoul L nonmetal dependent
reported to possess a wide variety of applications, including in the synthesis; 1,3-oxazole
medicinal, pharmaceutical, agrochemical and material sciences sec- derivatives

tors. We classified these nonmetal-catalyzed synthetic approaches on

the basis of their starting material’s functionality that was used to

synthesize 1,3-oxazole. This review covers the last six-year

(2016-2021) of nonmetal catalyzed/mediated synthetic approaches.
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Introduction

In natural and synthetic forms, heterocyclic compounds play a vital role in all living
cells’ biochemical processes,m and are one of the leading contributors to many fields,
such as organic chemistry, pharmaceutical, polymers and agrochemicals. Owing to their
wide range of applications, heterocyclic compounds are the focus of many researchers,
with 1,3-oxazole being a particularly important moiety that plays a vital role in many
sectors. The aromatic heterocyclic compound, 1,3 oxazole, is a five-membered ring con-
taining oxygen and nitrogen separated by one carbon.”! Ladenburg was the

first to report the Oxazole-containing compound in 1876, when he synthesized
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Figure 1. Structure of some basic oxazole containing drugs and natural alkaloids.

2-methyl-benzoxazole, which Hantzsch later categorized as ‘oxazole’ in 1887.0°
Researchers developed an interest in 1,3-oxazole derivatives in the late 1980s, when
these compounds were primarily isolated from naturally occurring marine species.'®!

Its broad range of biological activities has resulted in ongoing research into applica-
tions in agrochemicals, peptide chain stability, comprehensive biological and synthetic
methodologies.[6°,7] Halfordinol, Annuloline, Balsoxin, Texaline, Texamine and
Pimprinine are examples of naturally occurring 1,3-oxazole compounds.® Natural and
synthetic 1,3-oxazole derivatives have a diverse range of biological activities, such as
anti-pathogenic,””’ anti-inflammatory,!"®! anti-microbial,""! anti-depressant,!'* anti-
tumour ®>"?! and anti-analgestic/anti-thrombotic/anti-cholesteremic.!° It also has anti-
bacterial and anti-tuberculosis properties,!'*) is an anti-mitotic agent with pro-apoptotic
potency,!’”) and has picomolar inhibitory potency against several cell lines.!'!
Moreover, some 1,3-oxazole moiety-containing drugs that are currently available include
Aleglitazar,[17] Oxaprozin,mb’lg] Sulfamoxole!’®! and Ditazole!"”" (Fig. 1). A
recent review article that focused on iodine catalyzed C-O/C-N bond formation of
1,3-oxazoles was published by our group.'*” In this review, we cover the synthesis of
1,3-oxazole derivatives using metal-free approaches with mechanisms reported over the
last six years (from 2016 to 2021). We also discussed their synthesis in details by taking
accounts of various parameters, viz. starting materials, catalyst used, reaction types,
reaction time, simplicity and overall yield.

Metal free synthesis of 1,3-oxazole derivatives

This section describes the metal independent (metal-free) synthesis of 1,3-oxazole com-
pounds, which can be further sub-categorized by the different starting materials used in
the processes. We have presented the data related to the synthesis of 1,3-oxazoles in dif-
ferent reaction conditions and their respective obtained yields in Table 1 from the
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Scheme 1. Formation of oxazole derivatives using PhI(OAc)z—cataIyst.[24]

publications reviewed. Reagents such as TBAF and TBAI were used in ionic medium
cyclization, while acidic mediums include TF,O, TFA, TFOH and TP, and the basic
medium uses tert-BuOK and tert-BuONa. The details of the various metal-free synthesis
of 1,3-oxazoles and their derivatives using the following 11 precursors are reviewed:
Amide, Azirine, Benzyl amine, Nitrile, Alkynyl benziodoxolone, Amino acid, Isocyanide,
Benzyl bromide, Alkyne, Alkynyl bromide and 3-Hydroxybut-2-enimidate.

Amide

Xu et al. in 2020 reported the formation of 2,5-disubstituted oxazole using allylic amides
through PhI(OAc),-catalyzed ring formation within the molecule and the oxidative
migration of aryl group. Firstly, reagent 1 and PhI(OAc), reacts to give iodinated 1la.
The intramolecular reaction of the hydroxyl group and carbocation of 1b produces cyc-
lic compound 1¢, followed by the elimination of acetic acid from lc, leading to inter-
mediate 1d. The 1d is converted to species le by removal of iodobenzene, which
produces final product 2. Notably, the advantage of this process is good functional
group tolerance and improved yields that are achieved by performing the reactions in
mild conditions (Scheme 1).1*

Y. Weng et al. (2021) described an iminium ion mediated facile approach to synthe-
size poly-substituted 1,3-oxazole. Initially iminjum triflate salt 6 is prepared with a reac-
tion of amide 3 and T£,0.**) Weak base-like 1,4,2-dioxazol-5-one 4 when reacts with
iminium triflate salt 6 to afford keteniminium triflate 7 by the release of TfOH.
Furthermore, the umpolung type of addition of 1,4,2-dioxazol-5-one 4 and ketenimi-
nium triflate 7 produced an ammonium triflate 8, which on decomposition and internal
rearrangement, converted into carbocation 9 by the elimination of CO,. Here, the
nucleophilic nature of the o-carbon of an amide 3 is transformed into electrophilic
nature by addition-elimination-umpolung reaction sequence. Finally, 1,3-oxazole 5 is
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Scheme 2. Synthesis of fully substituted 4-Aminooxazoles from amides using Tf,0-promoted amide
activations.>*’

R3 0] tert-BuOK- 2eq,
_ Touene:0.M.
) 5 = T 20%csmn >\/
R

N then AcOH

25 85%
1" 12
R' - Ph,4-COOMe.2-napthayl4-OMePh,4-MePh,
tert-butyl,4-FPh,4-CIPh,4-BrPh,CH,
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Scheme 3. tert-BuOK dependent synthesis of 1,3-oxazole from Azirine.2®!

obtained by the internal attack of amide oxygen to carbocation by knocking off the
TfOH from the substrate (intramolecular cyclization) (Scheme 2).

Azirine

Base-mediated conversion of 2-acyl-3-alkyl- 2H-azirines to three-substituted oxazoles
was reported by Ning and coworkers (2017),2°! who performed Isotope labeling experi-
ment to confirm the base mediated deprotonation of azirine 11. The pathway involved
the base-mediated isomerization reaction initiated by deprotonation of substrate 11,
which undergo azirine ring opening and generate ketenimine, while in further step, the
nucleophilic addition of imine followed by cyclization step formed the targeted oxazole
12. Among different bases tert-BuOK in toluene transformed 11 to the corresponding

oxazoles 12 in good to excellent yield (Scheme 3).12¢!
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NIS, TBHP, R2
(@] Na,CO3DMA,
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4-BrCgHy,4-NO,CgHy,2-thienyl, 2-furanyl, 3-thienyl.
R? = 4-CF3CqH,,4-BrCgH,, 4-CICgH,,4-FCgHy, 3-FCgHy,2-CgHa 4-pyridyl,2-thienyl, 2-furanyl,Me tBu.
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Scheme 4. Metal-free, base catalyzed synthesis of poly-substituted oxazole.’®!

Benzyl amine

Yang et al. in 2020 published a metal-free protocol for the synthesis of poly-substituted
oxazoles. Initially, precursor 14 undergoes iodination to give 14a, which reacted with
benzylamine in basic conditions to form intermediate 15a that generates compound
15b on oxidation. Base catalyzed cyclization gives 15¢, and oxidative aromatization of

15¢ then generates compound 15 (Scheme 4).!*!

Nitrile

Kumaraswamy et al. (2019) demonstrated a metal-free approach to prepare for multi-
substituted oxazoles by the reaction of a-diazo carbonyl esters with aryl/alkyl nitriles,
which is activated by sterically hindered Lewis acid.*”) Studies revealed that nitriles
(5equiv, 17) react with 2-diazo-3-oxo0-3-phenyl-propanoates (lequiv, 16) furnished good
yield of the corresponding oxazole in the presence of tris(pentafluorophenyl)borane
(5mol %) at 120°C for 4-24h. The authors concluded that the substrate para-
substituted benzonitrile and benzyl nitrile with benzyl diazo substrate benzonitrile gives
a yield better than ortho-substituted fluoro-benzonitrile or heteroaromatic nitrile under
optimized conditions. More significantly, the distinctive feature of this technique is that
there is no sign of an intramolecular coupling/cyclization product, which is a Wolff
rearrangement or diazo insertion products using Lewis Acid and solvents. The
researcher proposed a plausible pathway based on the observation of several control
experiments and previous study. Initially, Lewis acid activated the diazo compound 16
to form an alkene diazonium salt 16a, which reacted further with nitrile 17 and leads to
the formation of oxazole 18 through intermediate cyclization of 18a (Scheme 5).1271
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O R3
[\P (CoFs)sB (5 mol %) N
R3 ’ 6F5)3l \

j\)L + R*-CN 120°C, 4-24h R1’(o R2
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35-90 %

R'= CHg, n-Bu, CgH4Ry, CH,CgHs, Thiophenyl, c-hexane, c-Pr, CH,Br, t-Bu, CClg, CHCH,, CH,CO,CoHs
R2= OC,Hs, CHg, 4-OC;Hs-CgHy, 4-Cl-CgHg, (CH,),CHCHy, CgHs Rg= OCgHs, OC5Hs, CHa, OC5Hs
R3= 4-CHy, 2-F

Scheme 5. Tris(pentafluorophenyl)borane dependent synthesis of 1,3-oxazole from nitrile.l?”?

The same year (2019), Nagarjuna and coworkers designed a straightforward tandem
cyclization to form substituted oxazoles from phenyl glyoxal and 2-pyrrolidinone using
in situ generated N-acyliminium ion (NAI).!*®! This method was found to be strongly
efficient in terms of reaction yields under the catalyst and solvent-free conditions. They
have also synthesized a library of fluorescent probe comprising pyridoxazole skeleton in
good to excellent yield. This method is compatible for variety substitutions at ortho,
meta and para position of phenyl glyoxal, and tolerated a wide range of functional
groups. In the proposed pathway, NAI 21a promoted the formation of a corresponding
iminium ion 21b, which further transformed into 21c, and on cyclization followed by
dehydration, afforded final oxazole 21d. Moreover, the in-situ generation of the NAI
precursor, and its further transformations, are promoted by superacid in the same pot
enhanced the oxazole formation in excellent yield. (Scheme 6).28!

Dong et al. (2020) reported the metal free [2 + 2 + 1] cycloaddition polymerization of
alkynes, nitriles and O-atoms to give regioselective and highly substituted oxazole com-
pounds. Initially, Ph-I" and (OH)[OTf] are formed by combining PhIO and TfOH,
which react with alkyne to give substituted olefin 23c. Compound 24a is obtained by
ligand exchange in intermediate 23c. Later, the vinylic substitution in 24a with
HC=CRCN gives 24x, followed by intermediate 24x, which reacted with water and gen-
erates compound 24b and/or 24y, is transformed into 24c. Lastly, targeted oxazoles
24d was obtained through reductive elimination of 24c (Scheme 7).12°]
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Scheme 6. N-acyliminium ion dependent synthesis of 1,3-oxazole from nitrile.'®
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Scheme 7. Oxazoles synthesis by [2 + 2 + 1] cycloaddition reactions.””
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Scheme 8. Basic medium synthesis of 1,3-oxazole.*%

Alkynyl benziodoxolone

In the sequential [3,3] rearrangement of N-phenoxyamides and hypervalent iodine
reagent Alkynyl benziodoxolones, Ming Li et al. (2018) reported the new method
for the metal-free synthesis of 2-(oxazol-5-yl)phenols under mild conditions.*®! The
products of oxazole were synthesized with moderate to high yield (50-96%). Regarding
phenyl substituents of N-phenoxyamide derivatives, the authors revealed that the elec-
tron-withdrawing groups were more beneficial than the electron-donating groups, as it
favored cleavage of N-O bonding. Nevertheless, naphthalene amide and sterically hin-
dered substrates, viz. phenyl ester, gave low to moderate yield. High yields were
obtained for a full range of highly electron-deficient substrates. A maximum formation
of oxazole was observed in the case of R, = thiophene, aliphatic and substituted aro-
matic ring, with the least output for the compound with electron-withdrawing and o-
substituted ring group being reported. The pathway proposed by the author starts with
the proton abstraction of 25 for oxygen activation that attacks 26 to produced 27a.
Furthermore, the final oxazole compound leads via [3,3]-rearrangement/alkyl carbene
insertion/Michael addition/cyclization (Scheme 8).13¢!
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Scheme 9. lodine catalyzed synthesis of 1,3-oxazole from ethyne.*"

Wei Yi et al. (2018) gave an aryl A’-iodanes-catalyzed 5-exo-dig process to prepare
2,5-disubstituted Oxazoles 29 from N-propargyl amides 28 using lithium iodide as an
iodine source.”!) Using the visible light irradiations and oxygen atmosphere, the
authors present a new plan to convert oxazoline into oxazole. Briefly, amides produced
oxazoline through the electrophilic cyclization using the iodine catalyst and the iodine
source, which formed a radical intermediate by visible light irradiation. Next, intra
molecular hydrogen abstraction in 29b by peroxy radical generated 29¢ that gave inter-
mediate 29d, while the expulsion of hydroxyl radical provided the oxazole. The
researchers observed that a PIDA-mediated iodocyclization of Npropargylamides would
be very useful, as the resulting vinyl iodides can undergo other useful transformations.
After suitable conditions were established, the range of different aldehydes was investi-
gated, including both the aryl ring substitution and the aryl itself. The propargyl amides
of aryl, hetero aryl and aliphatic carboxylic acids, as well as natural o-amino acids, were
found to produce the corresponding oxazole in sound output (Scheme 9).1*!

Amino acid

Cheng et al. (2018) developed a straightforward single-step, iodine mediated
approach to synthesize dimerized oxazoles 31 via S/O insertion reaction using amino
acid 30 as a precursor.’?) Through this method, the authors claimed the synthesis
of 2,5-disubstituted thiazole using Na,S-9H,O as a sulfur source, and demonstrated
its new pathway, which differs from classical peptide bonding. At first, amine 30a,
on reaction with I, produces 30b, which further converts to imine intermediate 30c.
The imine intermediate undergoes catabolism pathway to produce dimer imine
tautomer 31a and 31b. Further, amine 31b isomerizes to imine 31c by use of iod-
ine, 31c isomerizes to imine 31x and 31d by the insertion of O/S followed by the
removal of CO, (decarboxylation), which leads to the cyclized product. In the last
step, species 3le converted into oxazole using iodine. The electron-donating group
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Scheme 10. lodine catalyzed synthesis of 1,3-oxazole from amino acid.??

substituted phenyl substrate showed good yield of the corresponding oxazole. The
researcher also tested the reaction under DMSO without iodine, and found no con-
version of phenylalanine to the corresponding oxazole, which revealed that iodine
involved the oxidation step of the reaction that oxidized the methylene group to the
carbonyl and followed the dimerization (Scheme 10).132!

Karuppusamy et al. (2020) reported on metal free as well as solvent free one pot syn-
thesis of Di- and Tri-Substituted 2- Trifluoromethyl Oxazoles.”*! -amino acid and
TFAA react to form N-trifluoroacetamide 33a, which then reacts with 33x to give inter-
mediate 34a through step 1 and 2. Thereafter, BF3 facilitates the aromatic Friedel-Crafts
acylation with compound 34a and gave 35a. The enol form of 35a is 35b, which helps
intra molecular Robinson Gabriel ring formation and the aromatization of 35¢ to obtain
oxazole 35d (Scheme 11).1%
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Scheme 11. One pot synthesis of di- and tri-substituted 2- trifluoromethyl oxazole using
amino acid.®*

Isocyanide

Mukku et al. (2020) published a microwave facilitated synthetic approach to oxazoles
38.54 For synthetic derivatives of 5-substituted oxazoles, at least two moles of K;PO,
base are needed in isopropyl alcohol as a solvent. Anion 37b is generated in a strong
base, such as K;PO,, which reacted with aryl aldehyde 36 to form precursor 37c, and
the later on [3 + 2] cycloaddition to give compound 38a, which on protonation leads to
4,5-disubstituted oxazoline 38b. In the presence of another 1 equiv. of the base K;PO,
and high temperature, the compound 38b converts to 5-substituted oxazoles 38
(Scheme 12).134

Zhang et al. (2020) synthesized 2-amino oxazoles through the cyclization of o-amino
ketones and isothiocyanates.**! 2-aminoacetophenone 39a on addition with PhNCS and
base gave thiourea precursor 39b. Later, the base-catalyzed desulfurization of 39b, due
to iodine, produced carbodiimide compound 40a, which on tautomerisation formed
41a. The intramolecular nucleophilic attack of enol oxygen to the carbodiimide group

and proton transfer leads to the formation of oxazole-2-amine 41b (Scheme 13).13

Benzyl bromide

Li’s group (2019) developed a unique methodology for the green synthesis of substi-
tuted oxazoles.*®! This methodology uses an eco-friendly approach without introduc-
ing any metal complex or metal salt. The cyclization reaction of a-bromoketones 42
and benzyl amines 43 proceeds, via CO,/photo redox-catalyzed tandem oxidation, to
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Scheme 12. Microwave facilitated synthetic approach of oxazoles.>¥
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Scheme 13. lodine mediated synthetic approach to 2-amino oxazoles.>*!

synthesize the desired multiple substituted oxazole 44. The cyclization is a key-step
here, it proceeds in a similar way to that in Schemes 4 and 10, where nucleophilic
oxygen attacks electrophilic iminium. It was noteworthy that this methodology is
applicable only in substrate containing «-f conjugation to the carbonyl group of
o-bromo ketones. The bromo substituted acetone with aromatic and hetero aromatic
substituents failed to construct corresponding oxazoles, while a-bromo ketones sub-
strates were well tolerated. Moreover, the use of aliphatic amines reduces the yield
of desired oxazoles (Scheme 14).5¢

Kumar et al. (2016) reported an oxidative-intramolecular cyclization approach for the
synthesis of 1,3-oxazole.’”) A similar methodology has been reported in Scheme 12,
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Scheme 14. Photo redox-catalyzed synthesis of 1,3-oxazole using benzyl bromide.

where reaction was carried out in a strong basic condition, this method being efficient
under mild reaction conditions that tolerates various functional group substitutions.
The addition of TosMIC to the aldehyde generated within the reaction in the presence
of aqueous-alcoholic KOH as a strong base. This adduct undergoes intra-molecular



SYNTHETIC COMMUNICATIONS® 15

R1 /\OH (i) T3P/DMSO/EtOAC (i) DMSO/NaHCO, R1 N Br
45 0°ctort, 1-1.5h NI/\>_R1 0°ctort, 1-1.5h
< 46
+ (if) KOH/H,O/EtOH I\O (i) KOH/H,O/EtOH
.C: 0°crt, 2-3h 00C-rt.,2-3h + _C:
Ts N 48 Ts N
61-80%

47 ’ 47

R'= 4MeCgHs, 4-t-BUCgH 4, 4-MeOCqH,,4-0,NCqHq 4-FCoH,
4-CICH,4-BrCgH,2-naphthyl

Reaction Mechanism - /\
(o}

( O ..

O on J]\ _C:

P
.C: s R" H Ts N
Ts” N o

47

H
,Q\ ® O’C

S)
N HH N O/_\FX
- - >—<

R1J\( { =C:
K'I;s Ts RT N

48 47e 47d 47c

o H
JQ/N -~
R -TsH R!
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Scheme 16. Synthesis of 1,3-oxazole-containing compounds using iodonium cation-pool
electrolysis.*®

cyclization to give cyclic carbanion, which is transformed into 1,3-oxazole 48 in acid
conditions by eliminating TsHP”! (Scheme 15).

Alkyne

Sattler et al. (2021) reported a free radical mediated, 3-oxazole synthesis.[38] Here, iodo-
nium ion 49 activates alkyne, and the reaction of this activated alkyne with acetonitrile
furnishes nitrilium ion 50. The concerted type of nitrilium ion addition to 50 afforded
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Scheme 17. Photo redox-catalyzed synthesis of 1,3-oxazole using alkynyl bromides, and molecu-
lar oxygen.”!

Z-isomer 51 or by trans addition gives E-isomer 51’. The in-situ addition of water to
51/51' produces precursor amide 52/52’, after which, intramolecular cyclization followed
by deprotonation yields 1,3-oxazole 53 (Scheme 16).

Alkynyl bromide

Chen et al. (2016) have shown the photo redox-catalyzed synthesis of 1,3-oxazole using
alkynyl bromides and molecular oxygen.*”! At first, oxidation by an electron of 2H-
azirine la (Eox =+0.764V) using higher energy of an organic catalyst (PC-I)* (Eox =
+2.311V) give the formation a free radical cation and (PC-I)". The addition of com-
pound A to alkynyl bromide 55a furnishes precursor B, which, on reaction with O,,
gives peroxyl radical C. The quick cyclization of 4-endo alkene afforded intermediate D
along with free radicals of bromine. Furthermore, on the single electron abstraction
from catalyst (PC-I) by a bromine radical, which acts as an oxidant and catalyst, PC-I is
regenerated, and is feasible by observation of half-peak redox potential of Br./Br—
(E;pred = +0.897V) and (PC-I)-/PC-I (E;,0x=—0.822V. Intermediate E was
obtained on fragmentation of compound D. An intermolecular cyclization of E affords
precursor E to furnish F. Lastly Br —assisted $-H elimination gives the formation of
expected compound 56a and HBr as a side product (Scheme 17).
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3-Hydroxybut-2-enimidate

Liu et al. (2016) anticipated a probable route to oxidative rearrangement of 3-hydroxy-
but-2-enimidate for the oxazole formation utilizing hypervalent iodine.*”! The substrate,
on reaction with DIB, affords compound 59 by the formation of nitrogen-iodine bond,
while acetic acid is released in the reaction. An isoxazole 60 is furnished on intramo-
lecular cyclization of intermediate 58a with the release of the acetic acid and iodo-
benzene. The two possible routes were: (i) an isoxazole 60 is protonated with acetic
acid to give compound 60a. An intramolecular rearrangement with g-bond shift affords
aziridine 60c, which on deprotonation produces precursor 60d. (ii) however, when
intermediate 60 is exposed to visible light, compound 60b is formed as a free radical by
homolysis and shifting of n-bond, which transforms into precursor 60d. Again, n-bond
shift followed by aziridine ring cleavage gives 60e. Alternatively 60e can also be formed
by carbonyl attack on the iminium-type center followed by azirine cleavage. Finally, the
intra-molecular reaction of enol with nitrile affords oxazole 61 (Scheme 18).
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Scheme 18. Synthesis of 2,4,5-trisubstituted oxazole derivatives utilizing hypervalent iodine."*”
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In Table 1, we summarized the starting materials, catalyst, yield ranges and reaction type
involved in the process of forming the corresponding 1,3-oxazoles of each scheme. The
schemes (Schemes 2, 5, 6, 7, 12, 14, 16, and 18) involves nitrilium ion intermedi-
ate formation.

Conclusion and remarks

A wide range of substituted 1,3-oxazole-based derivatives can be synthesized using
metal-free processes. In particular, Iodine-mediated methodologies are frequently uti-
lized with precursors, such as benzylamine, ethyne, amino acids and fused oxazoles, to
produce high yields of desired 1,3-oxazole derivatives. Improved protocols in metal-free
synthetic approaches have opened a range of opportunities for using green chemistry
for green and eco-friendly synthetic approaches in the various aspects of the synthesis
of heterocyclic compounds. Overall, the synthetic methods described in Schemes 3, 4, 9,
12, and 13 are recommended to get a better yield of 1,3-oxazoles with little effort in a
short time.

In conclusion, we have highlighted multiple methods, each of their possible reaction
pathways being based on the various starting materials covered in this review, which
particularly focused on recent years (2016-2021). This research has the potential to
make a significant impact by developing novel methods for the synthesis of 1,3-oxazole
and medicinal chemistry employing various precursors.
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