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A highly efficient synthetic approach to 2,3-dihydro-1,4-benzoxazines is described. The method involves
a mild intramolecular copper-catalyzed O-arylation of B aminoalcohol, which works well without
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2,3-Dihydro-1,4-benzoxazines are an important class of mole-
cules, which are a common heterocyclic scaffold in biologically ac-
tive and medicinally significant compounds. For example,
levofloxacin that exhibits excellent activities against Gram-posi-
tive and Gram-negative bacteria, possesses 2,3-dihydro-1,4-ben-
zoxazine moiety. In addition, some benzoxazines are central
nervous system depressants, antipsychotic agents, calcium antago-
nists, and antibacterial agents; moreover, some are potential drugs
for neuroprotective, antitumor, antithrombotic, antihypertensive
agents, and cardiovascular drugs.! Due to the importance of 1,4-
benzoxazines, several synthetic methods for 2,3-dihydro-1,4-ben-
zoxazines have been reported over the past few decades.'®? How-
ever, these methods suffered some limitations in the generation of
molecular diversity.? The recent developments of metal-catalyzed
intramolecular O-arylation and N-arylation provide efficient meth-
ods for benzoxazines synthesis. Buchwald reported benzoxazines
synthesis via palladium-catalyzed intramolecular etherification.?
More recently, synthesis of 2,3-dihydro-1,4-benzoxazines through
palladium-catalyzed intramolecular N-arylation has been re-
ported.* However; these methods have some limitations with re-
spect to the toxic catalysts and N-protection. Thus, there is
clearly a demand for more general and environment friendly en-
tries to this interesting class of substances.

Since the discovery, the copper-mediated Ullmann coupling
reaction is the straightforward method to form carbon-heteroatom
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bonds. However, traditional copper-catalyzed Ullmann coupling
reaction® was conducted under harsh conditions, including high
temperature, stoichiometric amount of copper agent, and extended
period of time which limited the scope of the reaction. Since Buch-
wald’s and Taillefer’'s pioneering work, exhaustive efforts have
been made to explore efficient copper/ligand systems and signifi-
cant progresses have been achieved.® The achievements have been
widely used in heterocycle synthesis.” Moreover, Buchwald re-
ported control of the chemoselectivity of N-arylation versus O-ary-
lation of 1,2-aminoalcohols with different copper/base
combinations or other aminoalcohols with copper/ligand/base
combinations.® Herein, we would like to describe an efficient
methodology for the synthesis of 2,3-dihydro-1,4-benzoxazine by
Cul/1, 10-phenanthroline system catalyzed intramolecular O-ary-
lation of B-aminoalcohols without N-protection.

As reported, the chemoselectivity of intermolecular O-arylation
was low with copper/ligand systems and moderate with ligand-
free system when B-aminoalcohol was employed.? However, un-
der the ligand free condition, the intramolecular coupling of 1a
was the minor reaction.®'° Then, we performed the intramolecular
coupling of 1a in the presence of Cul/1, 10-phenanthroline with
various bases in different solvents (Table 1). The reaction was first
carried out in toluene mediated by K3PO,4; however, no desired
coupling product was obtained with starting material quantita-
tively recovered (entry 1). To our surprise, when a stronger base,
NaOt-Bu was used, the O-arylation product 2a was obtained with
75% yield (entry 2). Encouraged by this finding, the optimal
cyclization conditions were screened. Several solvents including
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Table 1
Optimization of reaction conditions®

10% mol Cul, base, solvent

Cl |
10% mol 1,10-phenanthroline _ cl o
OH -
N“r 100°C

la 2a
Entry Base Solvent Yield® (%)
1 K3PO4 Toluene NR
2 NaOt-Bu Toluene 75
3 NaOt-Bu 0-Xylene 71
4 NaOt-Bu Dioxane 86
5 NaOt-Bu DMF Trace
6 NaOt-Bu MeCN Trace
7 Cs,CO5 Dioxane Trace
8 KOt-Bu Dioxane Trace

@ Reaction conditions: 1a (0.5 mmol); Cul (10 mol %); 1,10-phenanthroline (20 mol %);

b Isolated yield.

toluene, o-xylene, dioxane, DMF, and MeCN were tested (entries
2-6). It turned out that dioxane was superior to the other solvents
(entry 4). It was found that NaOt-Bu was the most efficient base.
When stronger base such as KOt-Bu or weaker base such as Cs,CO5
was employed, only trace cyclization product was obtained (en-
tries 7 and 8).

Table 2
Cu catalyzed intramolecular O-arylation to form 2,3-dihydro-1,4-benzoxazines

base (1 mmol); dry solvent (2 ml); reaction time 12-24 h; under N, atmosphere.

Having established the preferred reaction condition, we applied
this methodology to synthesize a series of 2,3-dihydro-1,4-benzox-
azine derivatives. The representative results are summarized in
Table 2.'! Substituent variations such as chloro- and methyl groups
on the iodoaryl moiety of 1 were tolerated and 2 was obtained in
excellent yields (entries 1 and 2).'? It should be noted that the

NaOt-Bu/dioxane

Ry | R Cul Ry (o) R3
2 on _Lao-phenanthroline \©: I
H)\/ R,
Rs H

100°C
1 2
Entry 1 2 Yield of 22 (%)
Cl | cl 0
1 L o Ly “
12 H 2a H
| o
2 \©i OH \©: j/ 95
1 M 2b H
I o
; CL O Co0 :
N N
ic M on 2c H
cl I cl o)
4 ©i /Q \©: :O 91
N N
M on 2d H

(continued on next page)
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Table 2 (continued)
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Entry 1 2 Yield of 22 (%)
Cl | OH Cl (0]
2 84
. . . !
le 26
CI\©il OH Cl (0]
6 HJ/\©\ [ :[ N 85
1f 2f H
CI\©:I OH Cl \©:O
7 NJ/\©\ N]\@\ 86
H H
1g F 20 F
CI\©il OH CI\©:O
8 HJ/\©\ Hj\©\ 87
th cl 2h cl
(¢f] | OH Cl (e}
9 \©i Cl \©: Cl 81
N N
i H 2 M
|
C|\©i| OH cl C \©:O al
10 82
N N
1] H 2j H
Cl | cl 0)
o o
11 A 91
N (0] Ph N
1k H/\(;\ 2k H
Cl | cl o
X oy
12 94
N o™ N
1l H/\o?\ 2l H
CI\@iI CI\©:OJ/\O/
13 89
N o~ N
im H  on 2m H
CI\©iI cl o
i J\/ \©: j\ 87
N oH N
in H 2n H
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Table 2 (continued)
Entry 1 2 Yield of 22 (%)
Cl |
Cl O.
15 82
N
1o N
Qs 20 H

@ Isolated yield.

" The configuration of 2c¢ is determined by comparison of the data with the literature (see Ref. 2f).

trans-cyclohexyl amino alcohol moiety was also tolerated well to
give corresponding trans-benzoxazine with excellent yield (entries
3 and 4).2" Substrates with aryl substituents on the amino alcohol
moiety were examined as well (entries 5-10 and 15). The phenyl
ring could be substituted in 2, 3, or 4 positions and the substituents
can be electron-withdrawing or electron-donating groups. When
4-methyl, 4-fluoro, and 4-chloro phenyl moiety were employed,
good yields of 2 were obtained (entries 6-8). 2-Chloro phenyl moi-
ety and 3-chloro phenyl moiety could cyclize smoothly to give ben-
zoxazine with 82% and 81% yields, respectively (entries 9 and 10).
The compound that has bulky substituent on the alcohol moiety
could also give cyclization product with good yield (entry 15).
Methyl and ether groups on amino alcohol moiety were also well
tolerated under these conditions (entries 11-14).

In conclusion, we have developed a general, more sustainable
methodology for the copper-catalyzed intramolecular O-arylation
to synthesize benzoxazines, which is a valuable framework with
interesting therapeutic properties. In addition, the process toler-
ates variation of both aryl iodide and amino alcohol portions of
the substrate. Furthermore, this methodology allows free N-H
group which was protected in other benzoxazines synthesis
methods.®
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