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Figure 1. Structures of some biologically i
A series of 3,4-dihydro-2H-benzo[b][1,4]thiazine derivatives 8a–g were synthesized via- a copper-cata-
lyzed intramolecular N-aryl amination reaction on substituted 2-(2-bromophenylthio)-ethanamines
which were synthesized by the nucleophilic substitution reaction of 2-bromobenzenethiol with Boc-pro-
tected amino alcohol derivatives. This strategy provides a short and an efficient entry to (S)-3-methyl-
1,4-benzoxazine 12, an advanced synthetic intermediate for the synthesis of levofloxacin.

� 2009 Elsevier Ltd. All rights reserved.
Benzothiazine derivatives represent one of the most important
classes of organic molecules. Among several 1,2-, 1,4-, and 1,3-ben-
zothiazine rings, 1,4-benzothiazines (1,4-BTs), in particular, are of
significant interest and have been extensively studied because of
their profound biological activities1a–g including anti-inflamma-
tory, anti-hypertensive, anti-cancer, anti-fungal, anti-tumor, immu-
nostimulating, anti-aldoso-reductase, anti-rheumatic, anti-allergic,
vasorelaxant, anti-arrhythmic, neuroprotective, cytotoxic, KATP-
channel openers, and anti-HIV activities. The diverse activities
illustrate that 1,4-BT is a template potentially useful in medicinal
chemistry research and therapeutic applications. Examples include
anti-hypertensive drug2 semotiadil (1), calcium antagonists (2),3

anti-fungal agent (3)4 (Fig. 1).
ll rights reserved.
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mportant 1,4-BTs.
The importance and utility of this family of compounds have led
to the development of numerous synthetic routes.5,6 Several ap-
proaches have been employed toward synthesis of benzothiazine
derivatives, for example (i) by condensation of 2-aminobenzeneth-
iol with a,b-unsaturated acids or esters,7 electron-deficient
alkynes,8 (ii) by treatment of N-unsubstituted and N,N-dialkyldi-
thiodianilines with an enolizable dicarbonyls or esters,9 (iii) by
reaction of 2-aminobenzenethiol with a-haloketones, a-haloacetic
acids, acid chlorides, or esters,10a,10b and (iv) by condensation of
benzil or p-methoxy benzil with an aromatic amine.11 Ring
enlargement of 2-chloromethylbenzothiazole11 and ring contrac-
tion of benzothiazepinones12 have also been reported to produce
benzothiazinones. To the best of our knowledge, synthesis of ami-
no acid based 1,4-benzothiazine derivatives by copper-catalyzed
aryl amination reaction has not been reported so far.

In our ongoing program we are engaged in the synthesis of
S-amino acid based benzo-fused heterocyclic structures bearing
nitrogen, oxygen, and sulfur atoms.13 Interest in the use of easily
accessible and versatile proteinogenic amino acids as a chiral pool
for the synthesis of enantiomerically pure heterocycles has been
growing because of their response to the enantiospecificity shown
by most biological systems and the increased demand to market
chiral drugs as single enantiomers. We recognized that the cop-
per-catalyzed aryl amination approach for the formation of car-
bon-heteroatom bond offers a better and more convenient route
to the synthesis of 3-substituted chiral 3,4-dihydro-2H-
benzo[b][1,4]thiazines in optically pure form.

Toward this objective, 4-methylbenzenesulfonate derivatives
5a–g were prepared from N-Boc amino alcohols which were
obtained from N-Boc-amino acids. Intermolecular nucleophilic
substitution reaction between commercially available 2-bromo-
benzenethiol 4 and 5a–g under NaH/THF condition gave 6a–g in
73–78% yields. Deprotection of Boc functionality in 6a–g fur-
nished 7a–g which under copper iodide and anhy. K2CO3 cata-
lyzed N-arylation reaction in N,N-dimethylacetamide afforded
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Scheme 1. Reagents and conditions: (a) NaH, THF, rt, 2–3 h; (b) 10% TFA in CH2Cl2,
rt, 4–5 h; (c) 0.20 equiv CuI, K2CO3, DMA, 100–110 �C, 48 h.
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Scheme 2. Reagents and conditions; (a) NaH, DMF, 100 �C, 5–6 h; (b) 10% TFA in
CH2Cl2, rt, 4–5 h; (c) 0.20 equiv CuI, K2CO3, DMA, 100–110 �C, 36 h.

Table 1

Entry Product % ee Yield (%)

1

S

H
N

8a

>99 66

2

S

H
N

8b

>99 64

3

S

H
N

8c

>99 68

4

S

H
N

8d

>99 63

5

S

H
N

8e

>99 65

6

S

H
N

OBn8f

>99 72

7

S

N

8g

>99 61
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enantiomerically pure 3,4-dihydro-2H-benzo[b][1,4]thiazines 8a–g
(Scheme 1).

The scope of this methodology has been further extended to-
ward the formal asymmetric synthesis of the potent antibiotic drug
levofloxacin.14 The major challenge associated with developing an
asymmetric entry to levofloxacin lies in identifying efficient routes
to the key chiral benzoxazine core 12, and in this regard, several
approaches have been reported.15 We have achieved the synthesis
of 12 from the reaction between L-alanine-derived 4-methylben-
zenesulfonate derivative 5a and 6-bromo-2,3-difluorophenol16 9
through the formation of 10 and 11 using the methodology de-
scribed in this Letter (Scheme 2). This intermediate can easily be
converted to levofloxacin by reported methods.15a–d

In conclusion, we have demonstrated an efficient synthesis
of a new series of enantiomerically pure 3,4-dihydro-2H-
benzo[b][1,4]thiazines 8a–g and a formal synthesis of antibiotic
levofloxacin 13 from naturally abundant chiral amino acids via-
copper-catalyzed intramolecular aryl amination reaction. Ease of
the reaction sequence gave an access to enantiomerically pure chi-
ral benzothiazines and benzoxazines, which could have interesting
biological properties (Table 1).
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