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Abstract

N-cinnamoyl anthranilic acids are synthesized in a single, eco-friendly step by condensing
various cinnamic acids with free 2-aminobenzoic acid derivatives using the mixed carbonic
anhydride method. Subsequently, converting the resulting N-cinnamoyl anthranilic acids
into their corresponding mixed carbonic anhydrides rapidly and efficiently affords 2-styryl-
benzo[d][1,3]oxazin-4-ones. The method employs green solvents, such as acetone and
2-methyltetrahydrofuran; does not require metal catalysts or reflux conditions; and yields
the desired final products without chromatographic purification.
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1. Introduction

The 4H-benzo[d][1,3]oxazin-4-one scaffold is a highly versatile and essential heterocyclic
system in organic and medicinal chemistry [1-3]. This fused bicyclic framework—featured in
several natural and bioactive compounds, including cetilistat, an anti-obesity drug [4]—contains
a 1,3-oxazine ring fused to a benzene ring and has attracted sustained scientific interest due
to its broad range of applications [5].

These include its use as a key synthetic intermediate and as a core pharmacophore
in biologically active molecules (Figure 1). The importance of the benzo[1,3]oxazin-4-one
core is twofold. First, it serves as a crucial starting point for the synthesis of numerous
nitrogen-containing heterocycles. Its reactivity—driven by ring strain and the electrophilic
nature of carbonyl carbon—enables facile ring-opening reactions with various nucleophiles,
particularly amines [6].
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Figure 1. Representative examples of biologically relevant compounds featuring the benzo[d][1,3]oxazin-
4-one heterocyclic core.

This transformation efficiently provides 2-aminobenzamide derivatives, which are
essential precursors for the synthesis of several medicinally relevant scaffolds, including
quinazolinones, quinazolines, and benzodiazepines. Notably, this synthetic pathway is
fundamental for the preparation of several blockbuster anticancer agents [7].
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Beyond its role as a synthetic building block, the benzo[1,3]oxazin-4-one framework—es-
pecially when functionalized at C2—can undergo further modification via C-H activation
at the 2-position [8,9]. Derivatives of this kind have demonstrated antimicrobial, anticancer,
anti-inflammatory, and antiviral properties, making them attractive candidates in drug
discovery [10]. 2-Styryl-substituted benzoxazinones have emerged as a promising new
scaffold for rhomboid protease inhibitors [11].

Given this broad utility, the development of efficient, scalable synthetic methods for
constructing the 4H-benzo[d][1,3] oxazin-4-one scaffold remains critically important.

Nonetheless, current research continues to investigate innovative approaches—such as
solid-phase synthesis, microwave-assisted protocols, and sustainable catalytic systems—to
improve yields, reduce reaction times, and enhance functional-group tolerance [12].

Recently, 2-substituted-4H-benzo[d][1,3]oxazin-4-ones have been synthesized from
substituted anthranilic acids through decarboxylative coupling with o-ketoacids, catalyzed
by cuprous salts [13]. These processes are typically carried out in DMF, require prolonged
heating at 55 °C, and necessitate chromatographic purification. Alternatively, condensation
between ortho-ester and substituted anthranilic acids under thermal or microwave condi-
tions yields benzo[d][1,3]oxazin-4-ones in moderate yield, along with the corresponding
1,2-dihydro-4H-benzoxazine-4-ones [14].

An oxidative coupling between substituted anthranilic acids and isocyanides, mediated
by the I,-t-butyl hydroperoxide system, affords another class of 2-aminobenzoxazin-4-ones,
though typically in modest yields and highly dependent on the substitution pattern of the
anthranilic region [15]. Improved results can be achieved with the addition of palladium
catalysts, but at the expense of sustainability [16].

Many of these methods rely on toxic reagents and solvents, generate hazardous waste,
and demand high energy input—conditions that conflict with the fundamental principles
of green chemistry. As the chemical industry faces growing pressure to adopt sustainable
practices, the development of environmentally benign synthetic protocols has become not
merely desirable but imperative. In recent years, this challenge has stimulated extensive
research focused on greening the synthesis of numerous heterocyclic systems [17].

This paper focuses specifically on new, simplified, and increasingly eco-friendly
methodologies for constructing the 2-styryl-substituted 4H-benzo[d][1,3]Joxazin-4-one scaf-
fold from readily available N-cinnamoyl-anthranilic acids (Scheme 1). We evaluate green
synthetic approaches as a framework for assessing the sustainability of these new protocols.
By integrating this perspective with our previous experience on N-cinnamoyl anthranilic
acids [18], we aim to develop a safer, cleaner, and more sustainable route to this valuable
heterocycle, thereby aligning synthetic chemistry with modern eco-friendly objectives.
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Scheme 1. 2-Styryl-benzo[d][1,3]oxazin-4-ones from N-cinnamoyl-anthranilic acids.
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2. Results and Discussion

The activation and simultaneous protection of common hydroxycinnamic acids (HCAs)
using the triethylamine—isobutyl chloroformate reagent system in eco-friendly solvents
such as water, ethyl acetate, and acetone has enabled the development of an environ-
mentally friendly platform for synthesizing a wide array of HCA derivatives, including
amides, esters, and alcohols, several of which occur in natural products [19,20]. Coupling
activated HCAs with aromatic amino acids has further enabled the development of a
green synthetic route to natural avenanthramides and numerous analogues [18]. In this
work, a series of N-cinnamoyl anthranilic acids was quickly prepared in acetone using the
triethylamine—isobutyl chloroformate system. Coupling reactions with free amino acids
cannot take place in water, the most well-known green solvent, because the aqueous phase
contains large amounts of ammonium salts formed during the activation and protection of
hydroxycinnamic acids [21], which prevent the existence of an unprotonated amino group.
After activation and/or protection of the various cinnamic acids 1a—f at 0 °C, the reaction
mixture was filtered, and the resulting filtrate was directly added to the aromatic amino
acid 2a-d, along with an additional equivalent of triethylamine, as shown in Scheme 2.

a. R1 = R2 =H R1 BN COZH R4 COZH a. R3 = H, R4 =OMe
b: Ry =H, R, = OH DN + j@[ b: Ry = H. R, = OH
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Scheme 2. Preparation of N-cinnamoyl and N-benzoyl-anthranilic acids.

The reaction mixture, stirred for 4 h at room temperature, was evaporated in vacuo,
and the resulting residue was treated with anhydrous ethyl ether and stirred for an addi-
tional hour. This step ensures complete precipitation of the amide product, while unreacted
starting materials remain in solution. The precipitated solid was collected by filtration and
subsequently crystallized from an ethyl acetate-hexane mixture. Under these conditions,
N-cinnamoyl anthranilic acids 3a—3i were obtained in 72-93% yields without the need for
chromatographic purification (Scheme 2). Aromatic amino acids 2a, 2b, and 2d provided
higher yields than 2c, likely due to the presence of electron-donating substituents in the
para position relative to the amino group, which enhances nucleophilicity.

A representative example involving a substituted benzoic acid was also examined: con-
jugate coupling between 5-methoxy-2-aminobenzoic acid 2a and piperonylic acid afforded
the corresponding N-piperonyl amide 3j in 79% yield (Scheme 2).
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The N-cinnamoyl anthranilic acids 3c, 3f, and 3h, derived from p-coumaric, ferulic, and
caffeic acids, respectively, were obtained with the phenolic groups in the cinnamic moiety
protected as carbonates. In contrast, 3b and 3f were isolated with free phenolic groups in the
anthranilic portion, indicating that O-acylation does not occur under these reaction conditions.

During the synthesis of N-cinnamoyl anthranilic acids, our initial aim was to further
functionalize the free carboxyl group by coupling it with a C-protected a-amino acid,
using the mixed carbonic anhydride method. Unexpectedly, the reaction mixture did not
yield the anticipated coupling product; instead a new compound was formed, which was
subsequently identified as 2-styryl-substituted 4H-benzo[1,3]Joxazin-4-one.

Consequently, N-cinnamoyl-anthranilic acids 3a-i and N-piperonyl-anthranilic acid
3j were activated in acetone or 2-methyltetrahydrofuran using 1.5 equivalents of the
triethylamine-alkyl chloroformate reagent system at 0 °C for 15 min, as illustrated in Scheme 3.
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Scheme 3. Preparation of benzo[1,3]oxazin-4-ones from N-cinnamoyl anthranilic acids.

The 2-styryl-substituted benzo[1,3]Joxazin-4-ones 4a—i and 2-(benzo[d][1,3]dioxol-5-y1)-
6-methoxy-4H-benzo[d][1,3]oxazin-4-one 4j were synthesized within minutes, providing
isolated yields above 90% after a simple ethyl acetate—water work-up. In this transfor-
mation, ethyl chloroformate may also be employed as an effective activating reagent.
Notably, (E)-2-(3,4-dimethoxystyryl)-4-oxo-4H-benzo[d][1,3]oxazin-6-yl ethyl carbonate 4i,
obtained from the 5-hydroxy analogue of Tranilast 3i, was produced in 95% overall yield
through two sequential steps starting from 3,4-dimethoxycinnamic acid 1d and 5-hydroxy-
2-aminobenzoic acid 2b, without any purification (see Supplementary Materials).

As illustrated for 4b and 4f in Scheme 3, the cyclization proceeds using three equiv-
alents of the alkyl chloroformate/triethylamine reagent system and the corresponding
2-styryl-substituted benzo[1,3]oxazin-4-ones with phenol groups protected as labile car-
bonates on the anthranilic portion.
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Carbonate groups on phenols can be removed within one hour by treatment with an
excess of a secondary amine, such as morpholine, in methanol [18]. We therefore employed
morpholine both to remove the carbonate protecting group and to induce ring opening of
the benzoxazinone, affording the corresponding morpholino amide (Scheme 4).

QW?

59, 66%

OMe  Morpholine
o MeOH
/@MN oMe RT.2h
iBUO,CO 49 /@/\)L N
H
HO CO,Me

69, 25%

o)
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o _EtOAc
WN RT 2h
4b 5b, 86%

Scheme 4. Ring opening and deprotection of 4g and 4b with morpholine, in methanol or ethyl acetate.

However, when both transformations were conducted in methanol, the reaction pro-
duced not only the expected amide with the free phenolic group but also a significant
amount of the corresponding methyl ester. The product distribution confirmed the higher
nucleophilicity of the secondary amine compared to a primary alcohol, even when the latter
is present in large excess. In contrast, performing both processes in ethyl acetate, without
methanol, at room temperature for two hours yielded the amide with the free phenolic
function exclusively, in excellent yield (Scheme 4).

Finally, to evaluate the environmental impact of these processes, we compared the
preparation of (E)-2-(4-methoxystyryl)-4H-benzo|[d][1,3]oxazin-4-one 4d obtained from 3d
using the method described here (Scheme 5), with the same compound prepared using
procedures reported in the literature [11].

This work Goel et al., 2018
@/\VCOZH @/\/COﬁ
MeO MeO
Acetone, iBoc-Cl, SOCl, (3eq.)
H.N TEA, 89% AcCN 93%
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COH
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/@ X >cl
_iBoc-Cl )%Q COz W
X ” TEA, 94% Py, " hy 4% MeO
MeO CO,H * 2 eq. has been used

Scheme 5. Comparative preparation of (E)-2-(4-methoxystyryl)-4H-benzo[d][1,3]oxazin-4-one 4d [11].

In the literature method, the acyl chloride approach, commonly employed for the
acylation of aromatic amino acids in the synthesis of avenanthramides [22], is used in
substantial excess. It serves as both the acylation equivalent and the cyclization reagent
through anhydride formation. In this case, the % of atom economy (AE), defined as

AE (%) =100 x Molar mass of product/Molar mass of all reactants
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is 52. An even larger excess is required when the aromatic amino acid also contains a
phenolic group, as in the case of avenanthramides 3b and 3f. Additionally, the necessary
acyl chloride must be prepared using a large excess of SOCl,, a hazardous reagent, and the
reaction is typically conducted in toxic pyridine.

These factors make the reaction mixture particularly difficult to purify, ultimately
leading to low yields, extensive reagent consumption, and significant chemical waste.
In contrast, the method described in this work has an AE (%) = 88, employs a green
solvent such as acetone, affords high yields, and generally eliminates the need for
chromatographic purification.

3. Materials and Methods
3.1. General Information

Unless otherwise specified, all reactions were carried out using dried solvents. The
identities of the products were confirmed by comparing them with literature data whenever
possible, using 'H and '*C NMR spectra and HR-MS. The reactions were followed by TLC
using silica gel pre-coated aluminum sheets (Macherey Nagel (Diiren, Germany): Alugram
Xtra SIL GEL UV254 Nr. 818333, thickness 0.2 mm). TLC plates were analyzed under
a UV lamp (254 nm). Column chromatography was carried out on silica gel (E. Merck
(Darmstadt, Germany), 70-230 mesh). NMR spectra were recorded in CDCl; (CD3),SO,
or CD30D on a Bruker Avance 400 (Bruker Corp., Billerica, MA, USA) (400 MHz for Iy,
101 MHz for '3C). For 'H, 3C chemical shifts are presented in §-scale as ppm (parts per
million) with the residual solvent peak as the reference (CDCl3: 7.26 ppm for 'H and
77.23 ppm for 3C; (CD3),SO: 2.50 ppm for 'H and 39.51 ppm for 13C; CD;0D: 3.31 ppm
for 'H and 49.15 ppm for '3C). The description of the multiplicity designations is as follows:
s = singlet, d = doublet, dd = doublet of doublets, t = triplet, sept = septet, m = multiplet.
MALDI-TOF mass spectrometric analyses were conducted on a Voyager-De Pro MALDI
mass-spectrometer (PerSeptive Biosystems, Framingham, MA, USA).

3.2. General Procedure for the Preparation of N-Cinnamoyl-Anthranilic Acids
3.2.1. For Cinnamic Acids Lacking Free Phenolic Groups, Such as 1a, 1c, 1d,
and Piperonylic Acid

To a magnetically stirred solution of cinnamic acids (1 mmol) in dry acetone (3 mL),
triethylamine (1.1 equivalents, 1.1 mmol, 152 pL) dissolved in dry acetone (2 mL) was
added slowly dropwise at room temperature. After a few minutes, the flask containing
a clear, light-yellow solution was immersed in an ice bath, and isobutyl chloroformate
(1.1 equivalents, 1.1 mmol, 143 pL) dissolved in dry acetone (2 mL) was added dropwise
over 15 min. A white precipitate formed, and the mixture was stirred for 20 min at
room temperature; at this point, TLC analysis (20% EtOAc in hexane) showed no starting
cinnamic acids and a single spot at the front. The mixture was filtered, and the solid was
washed with 2 mL of dry acetone.

3.2.2. For Cinnamic Acids with a Single Phenolic Group, Such as 1b and 1le

To a magnetically stirred solution of cinnamic acids (1 mmol) in dry acetone (5 mL),
triethylamine (2.2 equivalents, 2.2 mmol, 304 pL) dissolved in dry acetone (5 mL) was
added slowly dropwise at room temperature. After a few minutes, the flask containing
a clear light-yellow solution was immersed in an ice bath, and isobutyl chloroformate
(2.2 equivalents, 2.2 mmol, 286 pL) dissolved in dry acetone (3 mL) was added dropwise
over 15 min. A white precipitate formed, and the mixture was stirred for 20 min at room
temperature; a TLC control (20% EtOAc in hexane) showed no starting cinnamic acids and
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a single spot at the top. The mixture was filtered, and the solid was washed with 2 mL of
dry acetone.

3.2.3. For Cinnamic Acids with Two Phenolic Groups, Such as Caffeic Acid, 1f

To a magnetically stirred solution of cinnamic acids (1 mmol) in dry acetone (10 mL),
a slow dropwise addition of triethylamine (3.3 eq., 3.3 mmol, 458 pL) dissolved in dry
acetone (5 mL) was performed at room temperature. After a few minutes, the flask was
placed in an ice bath, and isobutyl chloroformate (3.3 eq., 3.3 mmol, 429 uL) dissolved in
dry acetone (5 mL) was added dropwise over 15 min. A white precipitate formed, and the
mixture was stirred vigorously for 20 min at room temperature. Afterward, TLC analysis
(20% EtOAc in Hexane) indicated no starting material and a single spot in the head. The
mixture was filtered, and the solid was washed with 5 mL of dry acetone.

3.2.4. Formation of N-Cinnamoyl-Anthranilic Acids

The acetone solution containing the activated and protected cinnamic acids is added
dropwise to the solid aromatic amino acid 2a-d, followed by an additional equivalent of
triethylamine (1.05 equivalents). The suspension is then stirred at room temperature for
4 h. During this time, the aromatic amino acid fully dissolves, forming a brown-coloured
solution. TLC analysis (70% hexane, 30% EtOAc, 1% AcOH, and 1% MeOH) shows that
the protected anhydride has completely disappeared, and a new spot appears with an Rf
value lower than that of the initial cinnamic acids. The acetone is completely evaporated
using a rotavapor. The residue is then dissolved in 50 mL of ethyl ether, and the mixture
is vigorously stirred at room temperature for 1 h. After stirring, the mixture is filtered.
The resulting solid is washed twice with petroleum ether (2 X 10 mL) and dried under a
stream of N. The solid is usually pure by TLC. If small impurities are present, the solid
is crystallized with ethyl acetate and hexane. N-Cinnamoyl-Anthranilic acids 3a—j were
obtained in 72-93% yields.

3.2.5. Formation of 2-Styryl-benzo[d][1,3]Joxazin-4-ones

To a magnetically stirred solution of N-cinnamoyl-anthranilic acids (1 mmol) in dry
acetone (5 mL), slowly add triethylamine (1.5 equivalents, 1.5 mmol, 208 uL), dissolved in
dry acetone (2 mL), at room temperature. After a few minutes, immerse the flask containing
a clear light-yellow solution in an ice bath. Then, add dropwise over 15 min either isobutyl
chloroformate (1.5 equivalents, 1.5 mmol, 195 pL) or ethyl chloroformate (1.5 equivalents,
1.5 mmol, 142 pL), both dissolved in dry acetone (3 mL) (for N-cinnamoyl-anthranilic acids
3b, 3f, and 3i, three equivalents of TEA /alkyl chloroformate reagent system were used). A
white precipitate forms, and the mixture is stirred for 30 min at room temperature. At this
point, a TLC check (20% EtOAc in hexane) shows no remaining N-cinnamoyl-anthranilic
acids and a single spot with a higher R;. Filter the mixture and wash the solid with
2 mL of acetone. TLC analysis of the filtrate reveals a single spot. Evaporate the filtrate
under vacuum, then dissolve the residue in 50 mL of ethyl acetate. Wash this with water
(2 x 10 mL), dry over NaySOy, and evaporate under vacuum again.

3.2.6. Carbonate Deprotection and Ring Opening of Benzo[d][1,3]oxazin-4-ones
Reaction in MeOH
(E)-4-(2-(6,7-Dimethoxy-4-oxo-4H-benzo[d][1,3]oxazin-2-yl)vinyl)phenyl isobutyl car-
bonate 4g, (212 mg, 0.5 mmol) is dissolved under an N, atmosphere in 5 mL of MeOH
(0.1 M). To this solution, 10 equivalents of morpholine (5 mmol, 435 mg, 433 puL) are added
dropwise. The dark brown mixture is stirred for 2 h, during which TLC (70% hexane, 30%
EtOAc, 1% AcOH, 2% MeOH) confirms the disappearance of the starting material and the
appearance of new spots with lower R values. The methanolic solution is evaporated in
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vacuo. The residue is dissolved in ethyl acetate (50 mL) and treated with a 5% aqueous
citric acid solution. The organic phase is separated, washed with water until neutral, dried
over Na;SOy, and evaporated in vacuo. The crude reaction product shows two spots on
TLC analysis and is chromatographed on silica gel (hexane-ethyl acetate, 10-50%).

Reaction in EtOAc

(E)-Ethyl (4-ox0-2-styryl-4H-benzo[d][1,3]oxazin-6-yl) carbonate 4b, (168 mg, 0.5 mmol),
is dissolved under a nitrogen atmosphere in 5 mL of EtOAc (0.1 M). To this solution,
10 equivalents of morpholine (5 mmol, 435 mg, 433 pL) are added dropwise. The dark
brown mixture is stirred for 2 h, during which TLC (70% hexane, 30% EtOAc, 1% AcOH,
2% MeOH) confirms the disappearance of the starting material and the appearance of a
new single spot with a lower R¢. The reaction mixture is diluted with ethyl acetate (50 mL)
and treated with a 5% aqueous citric acid solution. The organic phase is separated, washed
with water until neutral, dried over NaySOy, and evaporated in vacuo.

4. Conclusions

The synthetic methodology described here enables the rapid preparation of two valuable
classes of 2-aminobenzoic acid derivatives—namely, substituted N-hydroxycinnamoyl and
N-benzoyl-anthranilic acids—as well as the corresponding 4H-benzo[d][1,3]oxazin-4-one,
through an environmentally sustainable mixed-anhydride process. These procedures
require no metal catalysts, do not rely on external heating, and are carried out in green
solvents such as acetone, 2-methyltetrahydrofuran, and ethyl acetate, using the alkyl
chloroformate/triethylamine system as both an activating and simultaneous protecting
reagent. Unlike acyl chlorides, mixed anhydrides function as “soft” acylating agents,
and any free phenolic groups present are protected during the activation step rather than
during the coupling reaction. This feature results in crude reaction mixtures that can
be purified readily by crystallization, affording the desired products in excellent yields.
Furthermore, the methodology provides compounds in protected phenolic forms, which
offers practical advantages such as enhanced shelf stability and greater versatility for
subsequent synthetic elaboration. Compared to traditional procedures described in the
literature, the present approach delivers a markedly improved synthetic route that excels in
environmental compatibility, operational simplicity, and economic sustainability. Overall,
this green, efficient, and broadly applicable strategy provides a viable and scalable platform
for the sustainable synthesis of key molecules required for biochemical research and a
variety of anticipated applications in organic and medicinal chemistry.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390 /molecules31040709 /51, Table S1. 'H, 13C and 2D-NMR data of 3a
in (CD3),S0; Table S2. 1H, 13C and 2D-NMR data of 3b in CDClj; Table S3. 'H, 13C and 2D-NMR
data of 3¢ in CDCl; Table S4. 'H, 13C and 2D-NMR data of 3d in (CDj3),SO; Table S5. 'H, 13C and
2D-NMR data of 3e in (CD3),SO; Table S6. 1H, 13C and 2D-NMR data of 3f in CD30D; Table S7. 1y,
13C and 2D-NMR data of 3g in CDCly; Table S8. 'H, >C and 2D-NMR data of 3h in CDCly; Table S9.
1H, 13C and 2D-NMR data of 3i in (CD3),SO; Table S10. 'H, 13C and 2D-NMR data of 3i in (CD3),S0;
Table S11. 'H, 13C and 2D-NMR data of 4a in (CD3),SO; Table S12. 'H, 13C and 2D-NMR data of 4b
in CDCl3; Table S13. 1H, 13C and 2D-NMR data of 4c in CDCls; Table S14. 1H, 13C and 2D-NMR
data of 4d in CDClg; Table S15. 'H, 13C and 2D-NMR data of 4e in (CDj3),SO; Table S16. 'H, 13C and
2D-NMR data of 4f in (CD3),SO; Table S17. 'H, 13C and 2D-NMR data of 4g in CDCl3; Table S18. 'H,
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