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An efficient cascade synthesis of various 2H-1,4-benzoxazin-3-(4H)-ones
from o-halophenols and 2-halo-amides catalyzed by CuI†
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A novel and efficient one-pot cascade synthesis of 2H-1,4-benzoxazin-3-(4H)-ones has been
developed through copper-catalyzed coupling of o-halophenols and 2-halo-amides. Various
2H-1,4-benzoxazin-3-(4H)-ones with diversity at three substituents on their scaffold have been
synthesized conveniently in good to excellent yields.

Introduction

2H-1,4-Benzoxazin-3-(4H)-one1 is an important heterocycle scaf-
fold that is a component of natural and designed synthetic
bioactive compounds, ranging from herbicides and fungicides
to therapeutical usable drugs. For example, blepharin 1 and
other glycosides with the 2-hydroxy-2H-1,4-benzoxazine-3(4H)-
one skeleton isolated from gramineous plants, such as maize,
wheat, rye and rice, have been suggested to act as plant resistance
factors against microbial diseases and insects.2a C-1027-chr 2 is
an active ingredient of enediyne antitumor antibiotics.2b,c In N-
substituted products of 2H-1,4-benzoxazine-3(4H)-one, 3 is a
potential drug for treating heart disease2d and 4 is an inhibitor of
bacterial histidine protein kinase.2e In addition, other biological
activities have been reported, including serotonin-3(5-HT3) re-
ceptor antagonists, potassium channel modulators, antirheumatic
agents, and antihypertensive agents.2f

Two common approaches to 2H-1,4-benzoxazin-3-(4H)-ones
employ 2-nitrophenols or 2-aminophenols as the precursors. The
first approach includes three steps of O-alkylation, nitro reduction
and intramolecular N-substitution.3a,b In the latter approach,
2-aminophenols are usually treated with 2-haloalkanoyl chlo-
rides or bromides to form 2-amidophenols, which then undergo
intramolecular O-alkylation on heating in the presence of a
base.3c,d The above two approaches might suffer from inconvenient
operations and a limited number of suitable substrates for diverse
synthesis. Recently, Dai group developed microwave-assisted
one-pot synthetic methods to construct 2H-1,4-benzoxazin-3-
(4H)-ones,2f,4 which started from 2-aminophenols or N-alkyl-2-
aminophenols. However, the substituent diversity in the products
is limited, and for example, it is difficult to synthesize N-aryl-
2H-1,4-benzoxazin-3-(4H)-ones. Therefore, concise and efficient
methods to give these heterocyclic motifs are still in demand.
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In the past decade, considerable progress has been made in the
area of copper-catalyzed Ullman N-arylations.5 Intramolecular
Ullmann coupling reactions have been explored to construct
N-heterocycles. In particular, one-pot strategies for the synthesis of
various useful heterocyclic compounds through copper-catalyzed
coupling have received much attention because of their more
convenient manipulations and good efficiencies. For example, our
group6a,b and others6c–f have developed highly efficient copper cata-
lyst systems to build N-heterocycles, including 2-iminobenzo-1,3-
oxathioles, 2,3-dihydro-1,4-benzodioxins, benzimidazoles, quina-
zolinones, indoles and pyrrolo[1,2a]-quinoxalines. To the best
of our knowledge, there is no example of constructing 2H-1,4-
benzoxazin-3-(4H)-ones via a one-pot copper-catalyzed coupling
process. Herein, we report a novel and efficient copper-catalyzed
cascade one-pot reaction of o-halophenols with 2-halo amides
to synthesize the title N-heterocycle compounds with diversity at
three substituents on their scaffold

Results and discussion

In our preliminary experiments, o-iodophenol 1a and 2-
chloroacetamide 2a were chosen as model substrates for the
optimization of the reaction conditions including the catalysts,
ligands, bases, and solvents under nitrogen atmosphere. The
reaction was subjected to the following typical Ullmann coupling
conditions: CuI (10 mol%), 1,10-phenanthroline (L1, 20 mol%),
Cs2CO3 (2 equiv.) in dioxane at 90 ◦C. To our delight, the starting
materials disappeared and the anticipated product 3a was obtained
in 82% yield after 24 h (Table 1, entry 1). We then investigated the
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Table 1 Optimization of the reaction conditions for synthesis of 2H-1,4-
benzoxazin-3-(4H)-onea

Entry Catalyst Ligand Base Solvent Yield (%)b

1 CuI L1 Cs2CO3 Dioxane 82
2 CuI L1 Cs2CO3 DME 54
3 CuI L1 Cs2CO3 PhMe 23
4 CuI L1 Cs2CO3 DMF 64
5 CuI L1 Cs2CO3 DMSO 72
6 CuI L1 Cs2CO3 NMP 75
7 CuI L1 K3PO4 Dioxane 17
8 CuI L1 K2CO3 Dioxane 20
9 CuBr L1 Cs2CO3 Dioxane 80

10 Cu2O L1 Cs2CO3 Dioxane 55
11 CuI L2 Cs2CO3 Dioxane 42
12 CuI L3 Cs2CO3 Dioxane 17
13 CuI L4 Cs2CO3 Dioxane Trace
14 CuI L5 Cs2CO3 Dioxane 47
15 CuI — Cs2CO3 Dioxane 36
16 CuI L1 Cs2CO3 Dioxane 83c

17 CuI L1 Cs2CO3 Dioxane 95d

a Reagents and conditions: o-iodophenol 1a (0.5 mmol), 2-chloroacetamide
2a (0.5 mmol), copper source (0.05 mmol), ligand (0.1 mmol) and base
(1.0 mmol) in solvent (2.0 mL) under N2 at 90 ◦C for 24 h. b Isolated yield.
c 2a (0.6 mmol). d 1a (0.6 mmol), base (1.1 mmol).

effect of the solvents. However, the reaction was less successful
in other solvents such as DME, PhMe, DMF, DMSO or NMP
(Table 1, entries 2–6). The yield was lowest in toluene (only 23%),
but the yield in DMSO or NMP was acceptable. The bases Cs2CO3,
K2CO3 and K3PO4 were screened, Cs2CO3 proving to be the most
effective (Table 1, entries 1, 7 and 8). The copper salts CuI, CuBr,
Cu2O were also tested in dioxane (Table 1, entries 1, 9 and 10), with
CuI showing the best activity. We attempted to use different ligands
(L1–L5), but 2,2¢-bipyridine and TEMED were not suitable for this
reaction, with only 42% and 47% isolated yield being obtained
(Table 1, entries 11 and 14). Ethyl 2-oxocyclohexanecarboxylate
(Table 1, entry 12) was not beneficial for this process either,
though it was an efficient and versatile ligand in our group’s
previous work.7 Only trace amounts of product was observed when
N,N-dimethylglycine was tried (Table 1, entry 13). In the absence
of ligand, the product was gained in 36% yield (Table 1, entry
15); maybe the reactant 2-chloroacetamide or the intermediate
2-(2-iodophenoxy) acetamide acted as the ligand to promote
the reaction.8 Finally, we changed the ratio of o-iodophenol to
2-chloroacetamide. When the ratio was 1:1.2, the product yield was
enhanced only a little (Table 1, entry 16). However, the isolated
yield increased greatly (95%, Table 1, entry 17) when the ratio
was 1.2:1 and 2.2 equivalents of Cs2CO3 were used. Therefore,
the optimized conditions were as follows: a combination of
o-iodophenol 1a (1.2 equiv.), 2-chloroacetamide 2a (1.0 equiv.),

CuI (10 mol%) and 1,10-phenanthroline (20 mol%) in the presence
of Cs2CO3 (2.2 equiv.) as base in dioxane.

Using the above optimized conditions, we investigated the
substrate scope. Firstly, the reactions of 2-iodophenol 1a with
various N-substituted-2-haloacetamides 2 were studied. As shown
in Table 2, most of the substrates examined provided good
to excellent yields. 2-Chloro-N-alkylacetamides reacted with
o-iodophenol to give the corresponding products in good yield
(Table 2, entries 1 and 3), although the yield with 2-chloro-
N-phenylacetamide was higher. 2-Halo-N-phenylacetamides and
substrates with electron-donating groups on the phenyl ring
showed high reactivity, and excellent yields resulted (Table 2,
entries 4, 5, 7 and 10). In contrast, substrates with electron-
withdrawing groups at the N-position showed low reactivities
(Table 2, entries 8 and 9); only 55% and 45% yields were
obtained for 4-(3-chlorophenyl)-(2H)-1,4-benzoxazin-3(4H)-one
and 4-(pyridin-2-yl)-(2H)-1,4-benzoxazin-3(4H)-one respectively,
even after the reaction time was prolonged to 36 h. When there
were both R1 and R2 substituents on the 2-halo-acetamide, the
reactions went well; in particular, the yield of 2-methyl-4-phenyl-
(2H)-1,4-benzoxazin-3(4H)-one was excellent (Table 2, entry 10).
Comparing the yield of 3j with 3b, it was obvious that the R2 group
showed a little steric effect. In addition, 2-bromophenol could also
react with 2-halo-acetamides to give the corresponding products
in moderate to good yield at reflux (Table 2, entries 2 and 6).

We further investigated the scope and the generality of the
method by varying the o-iodophenols, which could be easily
derived from the para-substituted phenols9a (Table 3, entries 1–10).
Generally the substituted o-iodophenols could treated with 2-halo-
amides and moderate to excellent yields were obtained, though
higher temperatures were required. The relative reactivity of sub-
stituted o-iodophenols was in the following order: 4-tert-butyl >

4-methyl > 4-chloro. The 2-iodophenol bearing electron-donating
groups reacted with 2-chloro-N-phenylacetamide to afford prod-
ucts in excellent yield (Table 3, entries 4 and 5), while those bearing
electron-withdrawing groups reacted slowly and lower yields were
obtained (Table 3, entries 6 and 10). The product yield of 4-butyl-6-
methyl-2H-1,4-benzoxazin-3-(4H)-one 3r derived from 1d and 2b
(Table 3, entry 8) was lower than for 4-butyl-2H-1,4-benzoxazin-
3-(4H)-one (Table 2, 3b), only 51% yield. This indicated that
the reactivity of N-alkyl amides was a little bit low. When the
temperature mixture was refluxed, the yield was enhanced greatly,
as shown in Table 3, entry 7, the yield of 4-butyl-6-t-butyl-2H-
1,4-benzoxazin-3-(4H)-one being 98%. In addition, 2-methyl- or
ethyl-substituted substrates of 2-bromoacetamide also reacted
with substituted 2-iodophenols to give the corresponding products
at reflux (Table 3, entries 9 and 10).

A pathway for the formation of 2H-1,4-benzoxazin-3-(4H)-
ones is proposed in Scheme 1. The target products are afforded via
two steps. Firstly, in the presence of Cs2CO3, the intermolecular
nucleophilic substitution occurred between o-iodophenol and
2-halo-amide, and intermediate I would be formed (step a). We
had isolated the intermediate I in the reaction of 1a with 2e under
the standard conditions (see ESI†, compound 5). The reaction of
o-iodophenol with 2-chloro-N-tert-butylacetamide cannot result
in the desired product because of steric hindrance, but the
intermediate I was isolated in >99% yield (see ESI†, compound
4). Thus we conclude that this cyclization reaction occurs via the
proposed two-step pathway.
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Table 2 CuI-catalyzed one-pot synthesis of 2H-1,4-benzoxazin-3-(4H)-ones from 2-halophenol and 2-halo-acetamidesa

Entry 2-Halophenol 2-Halo-amide Product Yield (%)b

1 1a (x = I) 2b 3b 84

2 1b (x = Br) 55c

3 1a 2c 3c 71

4 1a 2d 3d 97

5 1a (x = I) 2e 3e 98

6 1b (x = Br) 80c

7 1a 2f 3f 86

8 1a 2g 3g 55d

9 1a 2h 3h 45d

10 1a 2i 3i 97

11 1a 2j 3j 73c

a Reagents and conditions: 2-Halo-phenol (0.6 mmol), 2-halo-amides (0.5 mmol), CuI (0.05 mmol), L1 (0.1 mmol) and Cs2CO3 (1.1 mmol, 2.2 equiv.) in
dioxane (2.0 mL) under N2. b Isolated yield. c At reflux. d 6 h.

Scheme 1 Proposed reaction pathway for the one-pot synthesis of
2H-1,4-benzoxazin-3-(4H)-ones.

Conclusions

In conclusion, we have designed and developed a novel, efficient
one-pot synthesis of 2H-1,4-benzoxazin-3-(4H)-ones under cop-
per(I) catalysis, employing readily available starting materials.
Various 2H-1,4-benzoxazin-3-(4H)-ones with diversity at three
substituents on their scaffold were synthesized conveniently in
good to excellent yields, and these should prove useful in pharma-
ceutical and biochemical fields. Further elaboration of this novel
one-pot strategy for the synthesis of other heterocyclic compounds
is ongoing in our laboratory.11
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Table 3 CuI-catalyzed one-pot synthesis of 2H-1,4-benzoxazin-3-(4H)-ones from substituted ortho-iodophenol and 2-halo-acetamidesa

Entry 2-Iodophenol 2-Halo-amides Product Yield (%)b

1 1c 2a 3k 80

2 1d 2a 3l 71

3 1e 2a 3m 55

4 1c 2d 3n 99

5 1d 2d 3o 98

6 1e 2d 3p 83

7 1c 2b 3q 98c

8 1d 2b 3r 51

9 1e 2j 3s 70c

10 1f 2i 3t 64c

a Reagents and conditions: 2-iodophenol (0.6 mmol), 2-halo-amides 2a (0.5 mmol), CuI (0.05 mmol), L1 (0.1 mmol) and Cs2CO3 (1.1 mmol, 2.2 equiv.) in
dioxane (2.0 mL) under N2. b Isolated yield. c At reflux.

Experimental

All reagents and solvents were pure analytical-grade materials
purchased from commercial sources and were used without further
purification, if not stated otherwise. 4-Substituted-o-iodophenols
and N-substituted 2-halo-amides were prepared according to the
literature.9a–c All melting points are uncorrected. The NMR spectra
were recorded in CDCl3 on a 400 MHz instrument with TMS as
internal standard. TLC was carried out with 0.2 mm thick silica
gel plates (GF254). Visualization was accomplished by UV light.
The columns were hand-packed with silica gel 60 (200–300). All
reactions were carried out in an oven-dried Schlenk tube equipped
with a magnetic stir bar under N2 atmosphere. New compounds
were additionally confirmed by 13C NMR and elemental analysis.

Mass spectra were obtained using EI ionization, and IR spectra
were taken in an ATR apparatus.

General procedure for the synthesis of 2H-1,4-benzoxazin-
3-(4H)-ones (3)

An oven-dried Schlenk tube equipped with a Teflon valve was
charged with a magnetic stir bar, CuI (10 mg, 0.05 mmol, 10 mol%),
Cs2CO3 (359 mg, 1.1 mmol), 2-halophenol 1 (0.60 mmol),
2-halo-amides 2 (0.50 mmol), and 1,10-phenanthroline (20 mg,
0.10 mmol, 20 mol%). The tube was evacuated and backfilled with
N2 (this procedure was repeated 3 times). Under a counter-flow of
N2, dioxane (2.0 mL) was added by syringe and the mixture was
stirred for about 24 h at 90 ◦C. The reaction mixture was cooled
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to room temperature, ethyl acetate (20 mL) was added, and the
resulting suspension was filtered. The filtrate was concentrated,
and the residue was purified by column chromatography on silica
gel (PE–EtOAc = 10:1–2:1, v/v) to provide the desired product 3.

(2H)-1,4-Benzoxazin-3(4H)-one (3a). A white solid;10a Mp
168–170 ◦C; IR (neat) nmax/cm-1 3452.7, 3057.5, 2917.5, 1693.9,
1605.2, 1498.6, 1400.5, 1217.2, 1045.4 cm-1. 1H NMR (400 MHz,
CDCl3/TMS): d 8.57 (s, 1H), 6.98–6.94 (m, 3H), 6.84–6.81 (m,
1H), 4.63 (s, 2H) ppm. 13C NMR (100 MHz, CDCl3/TMS): 166.6,
143.6, 126.0, 124.2, 122.7, 116.7, 116.2, 67.0 ppm.

4-Butyl-(2H)-1,4-benzoxazin-3(4H)-one (3b). A colorless oil;
IR (neat) nmax/cm-1 3079.5, 2958.2, 1683.6, 1608.0, 1514.7, 1437.1,
1382.1, 1262.8, 1047.9 cm-1.1H NMR (400 MHz, CDCl3/TMS):
d 7.05–6.98 (m, 4H), 4.58 (s, 2H), 3.92 (t, J = 7.6 Hz, 2H), 1.69–
1.61 (m, 2H), 1.46–1.36 (m, 2H), 0.96 (t, J = 7.6 Hz, 3H) ppm.
13C NMR (100 MHz, CDCl3/TMS): 164.1, 145.3, 128.4, 123.6,
122.6, 117.0, 114.8, 67.5, 40.8, 29.0, 20.0, 13.7 ppm. MS (EI) m/z
205 (M+). Anal. Calcd for C12H15NO2: C, 70.22; H, 7.37; N 6.82;
Found: C, 70.43; H, 7.26; N 6.95.

4-Benzyl-(2H)-1,4-benzoxazin-3(4H)-one (3c). A white
solid;10b Mp 68–70 ◦C; IR (neat) nmax/cm-1 3066.1, 2923.6, 1682.4,
1600.3, 1498.2, 1396.2, 1229.1, 1046.2 cm-1. 1H NMR (400 MHz,
CDCl3/TMS): d 7.34–7.30 (m, 2H), 7.26–7.24 (m, 3H), 7.01–6.87
(m, 4H), 5.16 (s, 2H), 4.73 (s, 2H) ppm. 13C NMR (100 MHz,
CDCl3/TMS): 164.7, 145.3, 135.9, 128.9, 128.7, 127.5, 126.6,
124.0, 122.8, 116.9, 115.7, 67.7, 44.9 ppm.

4-Phenyl-(2H)-1,4-benzoxazin-3(4H)-one (3d). A white
solid;10c Mp 96–98 ◦C; IR (neat) nmax/cm-1 3034.1, 2969.5, 1678.9,
1593.8, 1491.8, 1373.9, 1276.2, 1048.2 cm-1. 1H NMR (400 MHz,
CDCl3/TMS): d 7.56–7.52 (m, 2H), 7.48–7.45 (m, 1H), 7.30–7.28
(m, 2H), 7.06–7.04 (m, 1H), 7.01–6.97 (m, 1H), 6.87–6.83 (m,
1H), 6.44–6.42 (m, 1H), 4.78 (s, 2H) ppm. 13C NMR (100 MHz,
CDCl3/TMS): 164.3, 144.9, 135.8, 130.6, 130.0, 128.9, 126.7,
124.1, 122.6, 117.0, 116.9, 68.2 ppm.

4-p-Tolyl-(2H)-1,4-benzoxazin-3(4H)-one (3e). A white
solid;10d Mp 128–130 ◦C; IR (neat) nmax/cm-1 3092.2, 2969.4,
1679.9, 1599.6, 1493.2, 1376.5, 1275.6, 1046.4 cm-1. 1H NMR
(400 MHz, CDCl3/TMS): d 7.34 (d, J = 8.0 Hz, 2H), 7.17 (d, J =
8.4 Hz, 2H), 7.04 (dd, J = 8.2, 3.2 Hz, 1H), 7.00–6.96 (m, 1H),
6.87–6.83 (m, 1H), 6.45 (dd, J = 8.0, 2.4 Hz, 1H), 4.77 (s, 2H),
2.43 (s, 3H) ppm. 13C NMR (100 MHz, CDCl3/TMS): 164.3,
144.8, 138.8, 138.8, 133.0, 130.6, 128.4, 123.9, 122.5, 117.0, 68.1,
21.2 ppm.

4-(4-Methoxylphenyl)-(2H)-1,4-benzoxazin-3(4H)-one (3f). A
white solid;10d Mp 118–120 ◦C; IR (neat) nmax/cm-1 3073.2, 2917.5,
1685.0, 1607.0, 1542.5, 1509.5, 1498.2, 1373.5, 1244.8, 1027.6 cm-1.
1H NMR (400 MHz, CDCl3/TMS): d 7.21–7.19 (m, 2H), 7.05–
7.02 (m, 3H), 7.00–6.96 (m, 1H), 6.88–6.83 (m, 1H), 6.47 (dd,
J = 8.0, 0.8 Hz 1H), 4.77 (s, 2H), 3.86 (s, 3H) ppm. 13C NMR
(100 MHz, CDCl3/TMS): 164.5, 159.6, 144.8, 130.7, 129.7, 128.0,
123.9, 122.5, 116.9, 116.8, 115.2, 68.1, 55.5 ppm.

4-(3-Chlorophenyl)-(2H)-1,4-benzoxazin-3(4H)-one (3g). A
viscous oil; IR (neat) nmax/cm-1 3086.5, 2922.1, 1686.9, 1589.9,
1492.6, 1366.7, 1276.7, 1047.8 cm-1. 1H NMR (400 MHz,
CDCl3/TMS): d 7.49–7.43 (m, 2H), 7.32 (d, 1H), 7.21–7.19

(m, 1H), 7.06–6.99 (m, 2H), 6.90 (t, J = 7.6 Hz, 1H), 6.44
(d, J = 8.0 Hz, 1H), 4.76 (s, 2H) ppm. 13C NMR (100 MHz,
CDCl3/TMS): 164.2, 144.8, 136.8, 135.4, 130.9, 130.1, 129.2,
129.1, 127.1, 124.4, 122.7, 117.1, 116.8, 68.0 ppm. MS (EI) m/z
259 (M+). Anal. Calcd for C14H10ClNO2: C, 64.75; H, 3.88; N,
5.39; Found: C, 65.08; H, 3.97; N, 5.19.

4-(Pyridin-2-yl)-(2H)-1,4-benzoxazin-3(4H)-one (3h). A white
solid; Mp 97–98 ◦C; IR (neat) nmax/cm-1 3060.4, 2923.1, 1687.7,
1591.7, 1497.2, 1367.0, 1261.0, 1047.1 cm-1. 1H NMR (400 MHz,
CDCl3/TMS): d 8.70 (d, J = 4.4 Hz, 1H), 7.96–6.91 (m, 1H),
7.44–7.41 (m, 2H), 7.08–6.99 (m, 2H), 6.90–6.86 (m, 1H), 6.44
(dd, J = 8.0, 0.4 Hz, 1H), 4.77 (s, 2H) ppm. 13C NMR (100 MHz,
CDCl3/TMS): 164.4, 150.2, 149.5, 144.9, 138.9, 129.3, 124.4,
124.1, 123.9, 122.5, 117.1, 116.8, 68.0 ppm. MS (EI) m/z 226
(M+). Anal. Calcd for C13H10N2O2: C, 69.02; H, 4.46; N 12.38;
Found: C, 68.81; H, 4.52; N 12.15.

2-Methyl-4-phenyl-(2H)-1,4-benzoxazin-3(4H)-one (3i). A
white solid; Mp 78–80 ◦C; IR (neat) nmax/cm-1 3037.1, 2937.5,
1688.7, 1591.3, 1491.0, 1367.9, 1266.0, 1107.5 cm-1. 1H NMR
(400 MHz, CDCl3/TMS): d 7.54–7.50 (m, 2H), 7.46–7.42 (m,
1H), 7.27–7.24 (m, 2H), 7.04 (dd, J = 8.4, 1.2 Hz, 1H), 7.00–6.98
(m, 1H), 6.86–6.82(m, 1H), 6.41 (d, J = 8.0 Hz, 1H), 4.80 (q, J =
6.8 Hz, 1H), 1.65 (d, J = 6.8 Hz, 3H) ppm.13C NMR (100 MHz,
CDCl3/TMS): 166.6, 144.1, 136.3, 130.8, 129.9, 128.7, 128.6,
124.0, 122.3, 117.2, 117.0, 73.9, 16.3 ppm. MS (EI) m/z 239 (M+).
Anal. Calcd for C15H13NO2: C, 75.30; H, 5.48; N, 5.85; Found: C,
75.51; H, 5.36; N, 5.98.

4-Butyl-2-ethyl-(2H)-1,4-benzoxazin-3(4H)-one (3j). A color-
less oil; IR (neat) nmax/cm-1 3073.3, 2961.1, 1678.5, 1606.2, 1499.2,
1398.4, 1272.4, 1048.3 cm-1. 1H NMR (400 MHz, CDCl3/TMS):
d 7.01–6.95 (m, 4H), 4.46 (q, J = 4.0 Hz, 1H), 3.97–3.85 (m, 2H),
1.95–1.81 (m, 2H), 1.67–1.60 (m, 2H), 1.45–1.35 (m, 2H), 1.07
(t, J = 7.2 Hz, 3H), 0.96 (t, J = 7.2 Hz, 3H) ppm. 13C NMR
(100 MHz, CDCl3/TMS): 166.0, 144.1, 128.5, 123.5, 122.3, 117.4,
114.5, 78.1, 41.0, 29.1, 23.6, 20.0, 13.7, 9.4 ppm. MS (EI) m/z
233 (M+). Anal. Calcd for C14H19NO2: C, 72.07; H, 8.21; N, 6.00;
Found: C, 72.28; H, 8.32; N, 6.11.

6-tert-Butyl-(2H)-1,4-benzoxazin-3(4H)-one (3k). A white
solid;10e Mp 150–151 ◦C; IR (neat) nmax/cm-1 3568.0, 3092.3,
2963.9, 1692.9, 1605.2, 1492.8, 1387.8, 1207.3, 1039.0 cm-1.1H
NMR (400 MHz, CDCl3/TMS): d 9.15 (s, 1H), 7.00 (dd, J =
8.4, 2.4 Hz 1H), 4.58 (s, 2H), 3.92 (t, J = 7.6 Hz, 2H), 1.69–1.61
(m, 2H), 1.46–1.36 (m, 2H), 0.96(t, J = 7.6 Hz, 3H) ppm.13C NMR
(100 MHz, CDCl3/TMS): 166.4, 146.1, 141.3, 125.4, 121.0, 116.0,
113.1, 67.2, 34.3, 31.3 ppm.

6-Methyl-(2H)-1,4-benzoxazin-3(4H)-one (3l). A white
solid;10f Mp 205–207 ◦C; IR (neat) nmax/cm-1 3504.6, 3103.9,
2976.1, 1697.2, 1604.3, 1491.2, 1400.3, 1218.8, 1043.6 cm-1.
1H NMR (400 MHz, CDCl3/TMS): d 9.01 (s, 1H), 6.86 (d,
J = 8.0 Hz 1H), 6.78 (dd, J = 8.0, 1.2 Hz 1H), 6.64 (d, J =
1.2 Hz, 1H), 4.60 (s, 2H), 2.28 (s, 3H) ppm. 13C NMR (100 MHz,
CDCl3+DMSO-d6/TMS): 170.2, 146.0, 136.7, 131.4, 128.4,
121.3, 120.6, 71.9, 25.3 ppm.

6-Chloro-(2H)-1,4-benzoxazin-3(4H)-one (3m). A light yellow
solid;10g Mp 180–182 ◦C; IR (neat) nmax/cm-1 3505.4, 3127.8,
2959.1, 1696.9, 1603.6, 1492.0, 1395.6, 1212.9, 1042.7 cm-1. 1H

This journal is © The Royal Society of Chemistry 2009 Org. Biomol. Chem., 2009, 7, 4067–4073 | 4071
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NMR (400 MHz, CDCl3/TMS): d 8.58 (s, 1H), 6.95 (dd, J = 9.2,
2.4 Hz, 1H), 6.91 (d, J = 9.2 Hz, 1H), 6.83 (d, J = 2.4 Hz, 1H),
4.62 (s, 2H) ppm. 13C NMR (100 MHz, CDCl3+DMSO-d6/TMS):
169.6, 146.9, 133.2, 131.5, 127.4, 122.1, 120.6, 71.8 ppm.

6-tert-Butyl-4-phenyl-(2H)-1,4-benzoxazin-3(4H)-one (3n). A
white solid; Mp 116–118 ◦C; IR (neat) nmax/cm-1 3060.3, 2962.2,
1695.1, 1604.6, 1507.5, 1360.3, 1280.2, 1046.4 cm-1. 1H NMR
(400 MHz, CDCl3/TMS): d 7.56–7.52 (m, 2H), 7.48–7.45 (m,
1H), 7.31–7.30 (m, 2H), 7.01 (dd, J = 8.8, 2.4 Hz 1H), 6.96 (d, J =
8.4 Hz, 1H), 6.43 (d, J = 2.0 Hz, 1H), 4.75 (s, 2H), 1.12 (s, 9H) ppm.
13C NMR (100 MHz, DMSO-d6/TMS): 164.4, 145.2, 142.7, 136.3,
130.4, 130.2, 129.3, 129.0, 120.8, 116.5, 113.4, 68.0, 34.3, 31.3 ppm.
MS (EI) m/z 281 (M+). Anal. Calcd for C18H19NO2: C, 76.84; H,
6.81; N, 4.98; Found: C, 77.05; H, 6.90; N, 5.12.

6-Methyl-4-phenyl-(2H)-1,4-benzoxazin-3(4H)-one (3o). A
white solid; Mp 112–114 ◦C; IR (neat) nmax/cm-1 3053.3, 2917.5,
1689.8, 1589.7, 1510.7, 1366.0, 1272.9, 1055.0 cm-1. 1H NMR
(400 MHz, CDCl3/TMS): d 7.57–7.53 (m, 2H), 7.49–7.46 (m,
1H), 7.30–7.26 (m, 2H), 6.93 (d, J = 7.6 Hz, 1H), 6.79 (d, J =
8.0 Hz, 1H), 6.21 (s, 1H), 4.74 (s, 2H), 2.15 (s, 3H) ppm. 13C NMR
(100 MHz, CDCl3/TMS): 164.5, 142.7, 135.8, 132.3, 130.3, 130.0,
128.8, 128.7, 124.5, 117.3, 116.7, 68.2, 20.9 ppm. MS (EI) m/z
239 (M+). Anal. Calcd for C15H13NO2: C, 75.30; H, 5.48; N, 5.85;
Found: C, 75.21; H, 5.56; N, 5.68.

6-Chloro-4-phenyl-(2H)-1,4-benzoxazin-3(4H)-one (3p). A
light yellow solid; Mp 112–114 ◦C; IR (neat) nmax/cm-1 3079.3,
2922.7, 1687.1, 1598.1, 1492.1, 1363.4, 1260.2, 1055.8 cm-1. 1H
NMR (400 MHz, CDCl3 3/TMS): d 7.58–7.54 (m, 2H), 7.51–7.48
(m, 1H), 7.27 (d, J = 7.6 Hz, 2H), 6.99–6.92 (m, 2H), 6.40
(d, J = 1.5 Hz, 1H), 4.76 (s, 2H) ppm. 13C NMR (100 MHz,
CDCl3/TMS): 163.9, 143.4, 135.1, 131.5, 130.2, 129.2, 128.5,
127.6, 123.7, 118.0, 116.7, 68.0 ppm. MS (EI) m/z 259 (M+).
Anal. Calcd for C14H10ClNO2: C, 64.75; H, 3.88; N, 5.39; Found:
C, 64.44; H, 3.77; N, 5.18.

6-tert-Butyl-4-butyl-(2H)-1,4-benzoxazin-3(4H)-one (3q). A
colorless oil; IR (neat) nmax/cm-1 3073.3, 2958.1, 1683.7, 1608.0,
1514.8, 1437.1, 1382.1, 1276.1, 1047.9 cm-1.1H NMR (400 MHz,
CDCl3/TMS): d 7.02–7.00 (m, 2H), 6.91 (d, J = 8.4 Hz, 1H), 4.56
(s, 2H), 3.96 (t, J = 7.6 Hz, 2H), 1.70–1.63 (m, 2H), 1.48–1.38
(m, 2H), 1.32 (s, 9H), 0.99 (t, J = 7.2 Hz, 3H) ppm. 13C NMR
(100 MHz, CDCl3/TMS): 164.3, 148.7, 143.0, 127.8, 120.4, 116.3,
112.0, 67.6, 40.5, 34.4, 31.4, 29.0, 20.0, 13.7 ppm. MS (EI) m/z
261 (M+). Anal. Calcd for C16H23NO2: C, 73.53; H, 8.87; N, 5.36;
Found: C, 73.31; H, 8.18; N, 5.16.

6-Methyl-4-butyl-(2H)-1,4-benzoxazin-3(4H)-one (3r). A col-
orless oil;10h IR (neat) nmax/cm-1 3047.5, 2928.4, 1681.3, 1609.5,
1511.3, 1439.3, 1382.4, 1274.1, 1048.9 cm-1.1H NMR (400 MHz,
CDCl3/TMS): d 6.87 (d, J = 8.4 Hz, 1H), 6.79 (d, J = 6.8 Hz,
1H), 4.55 (s, 2H), 3.91 (t, J = 7.2 Hz, 2H), 2.34 (s, 3H), 1.68–1.61
(m, 2H), 1.46–1.37 (m, 2H), 0.97 (t, J = 7.2 Hz, 3H), ppm. 13C
NMR (100 MHz, CDCl3/TMS): 164.4, 143.1, 132.2, 128.2, 124.0,
116.7, 115.4, 67.6, 40.7, 29.1, 21.1, 20.0, 13.7 ppm.

6-Chloro-4-butyl-2-ethyl-(2H)-1,4-benzoxazin-3(4H)-one (3s).
A light yellow solid; Mp 45–47 ◦C; IR (neat) nmax/cm-1

3079.6, 2954.4, 1677.3, 1603.8, 1494.8, 1433.5, 1351.2, 1255.1,
1116.2 cm-1.1H NMR (400 MHz, CDCl3/TMS): d 6.96–6.90 (m,

3H), 4.45 (q, J = 4.4 Hz, 1H), 3.93–3.81 (m, 2H), 1.96–1.77 (m,
2H), 1.68–1.59 (m, 2H), 1.45–1.36 (m, 2H), 1.06 (t, J = 7.2 Hz, 3H),
0.97 (t, J = 7.2 Hz, 3H) ppm. 13C NMR (100 MHz, CDCl3/TMS):
165.7, 142.7, 129.6, 127.3, 123.2, 118.3, 114.6, 78.1, 41.1, 29.0,
23.6, 19.9, 13.7, 9.3 ppm. MS (EI) m/z 267 (M+). Anal. Calcd for
C14H18ClNO2: C, 62.80; H, 6.78; N, 5.23; Found: C, 63.11; H, 6.71;
N, 5.01.

6-Fluoro-2-methyl-4-phenyl-(2H )-1,4-benzoxazin-3(4H )-one
(3t). A light yellow solid; Mp 96–98 ◦C; IR (neat) nmax/cm-1

3079.3, 2924.6, 1694.4, 1597.1, 1498.1, 1367.1, 1250.8, 1105.3 cm-1.
1H NMR (400 MHz, CDCl3/TMS): d 7.56–7.45 (m, 3H), 7.26 (d,
J = 6.8 Hz, 1H), 6.98 (dd, J = 8.8, 4.8 Hz, 1H), 6.70–6.65 (m,
1H), 6.15 (dd, J = 9.6, 3.2 Hz, 1H), 4.77 (q, J = 6.8 Hz, 1H), 1.64
(d, J = 6.8 Hz, 3H) ppm. 13C NMR (100 MHz, CDCl3/TMS):
166.5, 157.9 (d, JCF = 238.9 Hz, 1C), 140.1 (d, JCF = 2.4 Hz, 1C),
135.8, 130.7 (d, JCF = 10.2 Hz, 1C), 130.1, 129.0, 128.5, 117.9 (d,
JCF = 9.2 Hz, 1C), 109.9 (d, JCF = 22.4 Hz, 1C), 104.2 (d, JCF =
29.4 Hz, 1C), 73.9, 16.1 ppm. MS (EI) m/z 257 (M+). Anal. Calcd
for C15H12FNO2: C, 70.03; H, 4.70; N, 5.44; Found: C, 71.15; H,
4.78; N, 5.23.
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