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A Remarkable Accelerating Effect of Ag-Salt on has been accomplished via Ag-catalyzed cyclization. But none
Intramolecular Cyclization of of these investigations has explored the possibility of accessing
1 ; benzothiazines (or benzoisothiazoles) via regiocontrolled addi-
o-(1-Alkynyl)benzenesulfonamides tion of the sulfonamide moiety toward the triple bond in the
) presence of a silver or copper salt.
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has been developgdavhere a substantial number of isomeric

1,2-benzoisothiazoles were isolated as side products. More
recently, we have reported a convenient synthesis of benzo-
thiazines that required an additional step to remove the C-4
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SCHEME 1. Intramolecular Cyclization of 2-Alkynyl
Benzenesulfonamide
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TABLE 1. Transition Metal Mediated Cyclization of
N-Methyl-2-p-tolylethynyl Benzenesulfonamide 1&

CsH4CH3-p
mCBHL;CHs'p
0 -s:NCH,

catalyst
solvent

1a d’S"NHCHa 220 ©
entry catalyst solvent time (h) tempQ@) yield (%)

1 Cul DMF 8 130-140 78
2 no Cul DMF 8 136-140

3 CuClI DMF 8 136-140 54
4 CuBr DMF 8 136-140 60
5 AgNOs DMF 2 80 81
6 AgF DMF 0.5 80 80
7 AgSbks DMF 5 80 82
8 AgSbR EtOH 3 80 85
9 AgSbks + EtsN° EtOH 5 min 80 89

a All the reactions were carried out witha with 15 mol % catalyst.
b|solated yields¢ 3 equiv of EtN was used.

TABLE 2. Synthesis of M-1,2-Benzothiazine 1,1-Dioxides via
AgSbFs-Mediated Cyclization®

by using this strategy (path a, Scheme 1) has not been disclosed

earlier.

The key starting alkyne$ required for our synthesis were
readily prepared via the Pd/C-mediated cougliofjo-haloben-
zenesulfonamide with terminal alkynes in-8%7% yield?2102

Initially, we examined the intramolecular cyclization of
N-methyl-2p-tolylethynyl benzenesulfonamidéd) in the pres-
ence of Cu-catalysts (Table 1). After assessing a number of
solvents (e.g., toluene, THF, 1,4-dioxane, acetonitrile, DMF,
and DMSO), a combination of DMF-Cul was found to be
optimum. Under this condition the best yield 24 [R; = H,

R, = —CgH4CHs-p] was achieved when the reaction was carried
out at 130-140°C for 8 h in thepresence of 15 mol % of Cul
(entry 1, Table 1). No product was detected in the absence of

Cu-salt (entry 2, Table 1) and the use of other Cu-catalysts (e.g.,

CuCl and CuBr) afforde@a albeit in moderate yields (entries
3 and 4, Table 1). To accelerate the rate of cyclization we then

entry Alkyne1 (R'&R%  Product 2 %Yield®
1 H C6H4CH3-p O 2a 89
QLY
la Oso ~
2 H CeHs ©I\/\(06Hs 2b 91
s
1b oo
3 CH3 C5H4CH3-p O 2¢ 85
| X
1c ,,S:N\
[e)e)
4 H (CH.).CH; @(y“‘zh‘?“e 24 87
s~
1d 00
5 H (CH,)sCH; m‘”‘z)sc”s 2¢ 89
5o
le
6 H (CH,),CH,Cl 2f 90
1f Ny (CH2)2CHCI
dgo
7 H CH,CH,C¢Hs m(CHz)zcsHs 2g 91
N
S
1g 0o
8§ H (CH,),CH,CN m(°H2>2C”2CN 2h 93
N
S
1h [e)e)
9 F  (CHy:CH,OH F N (CH24OH 25 90
1i [olNe}
10 H "S5 @:}Q 2j 92
s N~
11 90

CH; CHCH,CeHs \C:(Y(CHz)zceHs 2k
N
%

1k

a All the reactions were carried out at 8@ with 15 mol % of AgSbk
and EsN (3 equiv) in EtOH for 5 min? Isolated yields.

a variety of 2M-benzog][1,2]thiazine-1,1-dioxide< in good
to excellent yields (8593%). Substituents such as aryl (entries
1-3, Table 2) and alkyl (entries4L1, Table 2) at the acetylenic

assessed other transition metal catalysts. The use of silver saltsend were well tolerated under the condition studied. The scope

e.g., AgNQ, AgF, and AgSbE, reduced the reaction time and
temperature significantly without affecting the product yields
(entries 5-7, Table 1). However, the best result was obtained
by using AgSbk in combination with EN in ethanol that
reduced the reaction time remarkably afforditegn 89% yield
(entry 9, Table 1). With use of these optimized reaction
conditionsl® AgSbRs-mediated electrophilic cyclization of other
alkynes (Lb—Kk) was carried out and the results are summarized
in Table 2. As indicated, intramolecular cyclizationladfforded

of Cu-catalyzed cyclization for the synthesis ®fwas also
examined by using the optimized condition (e.g., entry 1, Table
1) and an array of benzothiazines were synthesized in good
yields (Table 3)}'2 To demonstrate the flexibility of this
methodology and to permit further structural elaboration of the
benzothiazine ring, we carried out the Cu-mediated intramo-
lecular cyclization ofLlcandlein the presence of allyl bromide
separately!® To our delight, this one-pot reaction afforded
4-allyl-substituted benzothiazin8s,b via sequential €N and

(10) (a) The required sulfonamide was prepared from the corresponding
sulfonyl chloride according to the known procedure (see the Supporting
Information). (b) While all the reactions were carried out with 15 mol %
of the catalyst an attempt to reduce the catalyst loading without changing
the other reaction conditions, however, resulted in lowering of product yields.
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(11) (a) Notably, the reaction df and1m with AgSbF6 was investigated,
which afforded a mixture of unidentified products and therefore remained
inconclusive. (b) For a similar type of reactionaéthynylphenylphosphonic
acid monoesters with allyl bromide, see: Wei, P.; Ding, Y Synlet2005
599.
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TABLE 3. Synthesis of 2-1,2-Benzothiazine 1,1-Dioxides via SCHEME 3. Proposed Mechanism for the Formation of
Cul-Mediated Cyclization2 Benzothiazines
Entry Alkynel  Product 2 %Yield® M (1)
e ‘R M (1)
®' &R M() # R2
1 —B> B — =
1 1 2 75 : -NR'-H-- .NR
¢ ¢ (Lewis Base) llss‘ou 2SS !
2 1f 2f 60 x © Yoo
— +BH"+-M(I)
3a~“ RCHBr
3 1k 2k 85 When M = Cu 2
4 CH; OY@ o 21 80 , , . : ;
N-g) M N;:O in an endo dig fashion provides the metainyl speciesY,
r‘ilt’ oy ¢ which upon subsequent in situ protonation regenerates the
catalyst producing the benzothiaziBeEtN, being a stronger
5 CH; ¢ 2: 4 2m 75 base, can enhance the nucleophilicity of the sulfonamide group
Q < : thereby reducing the reaction time significantly. In the presence
Im o of allyl halides the vinylcopper speci&s(M = Cu) undergoes
o in situ allylation to give the producd. The observation that
6 CH (™9 () =™ 7 benzothiazin@c does not afford the compourdwhen treated
fl g; with allyl bromide in the presence of Cul under the same
mooo%h reaction condition supports the intermediacy of vinylcopper

a All the reactions were carried out at 13040 °C with 15 mol % of speciesY during formation of3.

Cul in DMF for 8 h.?Isolated yields. In conclusion, we have developed a simple strategy for the
intramolecular cyclization of 2-alkynyl benzensulfonamide to
SCHEME 2 afford 2H-benzog][1,2]thiazine-1,1-dioxides directly with high
regioselectivity and good yields. The reaction proceeds wi&lC
R2 bond forming reaction in the presence of Ag- or Cu-catalyst.
CH,=CHCH,Br R? The major appealing attributes of this single-step process include
S.Q Cul, DMF g:N< atom economy, functional group tolerance, efficiency, and
& NHCHg 130-140°C, 8h 00 generality. Since the earlier methodol8gyleveloped by us
1c 3a; R? = CgH4CHg-p (65%) requires an additional step involving the removal of C-4 iodo
le 3b; R2 = (CHp)5CH3 (85%) group the present method thus compares favorably with the

previously reported strategies and should find applications in
C—C bond forming reaction under copper-catalysis (Scheme the short synthesis of benzothiazine-based anti-inflammatory
2). Thus, 2-alkynyl benzenesulfonamide can be regarded as aagents.
useful precursor for the construction of the diversity-based
benzothiazine ring. Experimental Section
The present Ag- and Cu-mediated cyclizationlo$howed General Procedure for the Preparation of 1.A mixture of

very h|g‘h selectl\_nty_ for the S|1x2-me_mbere(_j rng formed as a 2-iodoN-methyl bezenesulfonamide (0.925 mmol), 10% Pd/C
result of ‘6-endo-dig ring closure- No isomeric five-membered- ¢ 027 g, 0.029 mmol), PRI{0.029 g, 0.11 mmol), Cul (0.010 g,
ring product was detected under the condition employed. This ¢.05 mmol), and triethylamine (0.279 g, 0.385 mL, 2.77 mmol) in
unique selectivity is different from that of palladium-catalyzed acetonitrile (15 mL) was stirred at 2& for 30 min under nitrogen.
coupling-cyclization of bromosulfoximines with terminal alkynes To this mixture was added appropriate terminal alkyne (2.77 mmol)
where a substantial quantity of five-membered-ring product was slowly with stirring. The reaction mixture was then stirred at 80
formed following a5-exo-digcyclization® While the reasons ~ °C for 10 h, cooled to room temperature, diluted with EtOAc (50
for these observations are not very clear, a possible explanatiodML), and filtered through celite. The filtrate was collected and
is that the longer SN bond length perhaps favored endo ring concentrated underi vacuum. The reS|dge was purified by c.olumn
closure due to the less geometric constraint. Nevertheless chromatography (Sif) to afford the desired product. Analytical

rot tallth ds svnthesired 2end3 'data forla H NMR (CDCls, 400 MHz)6 8.07 (dd,J = 7.8 and
structures of all the compounds synthesized, Lands, were 1.0 Hz, 1H), 7.70 (ddJ = 7.8 and 1.4 Hz, 1H), 7.577.20 (m,

confirmed by spectral data and this was supported by the 6H), 5.08 (br s, NH, 1H), 2.61 (dl = 5.9 Hz, 3H), 2.39 (s, 3H);
molecular structure ok and 3a being confirmed by X-ray IR (cm~%, CHCL) 3346, 2214, 1467, 1330, 1166z (ES mass)
analysis (see the Supporting Information). 286 (M + 1, 100%);1C NMR (CDCk, 50 MHz) 139.9, 139.2,

A plausible mechanism for the formation afis shown in 133.9,132.2,131.6,129.7,129.4, 128.2, 122.4,120.8, 118.7, 111.5,
Scheme 3. In the presence of Ag or Cu catalyst the reaction97.8, 85.1, 29.5, 21.6; elemental analysis found C 67.39, H 5.28,
proceeds via activation of the triple bond bby coordination N 4.87; GeHisNO,S requires C 67.34, H 5.30, N 4.91.
to the transition metal salt to form the-complexX. In the Typical Procedure for the Preparation of 2a.To a mixture of

; 1la (0.27 g, 0.94 mmol) and triethylamine (0.28 g, 0.39 mL, 2.8
absence of BN, a Lewis base such as DMF (or EtOH) can .
form a S-N—H-+0—=C (or S-N—H-+-HOE) hyd(rogen bo)nd, mmol) in ethanol (5.4 mL) was added AgSi{P.048 g, 0.14 mmol)

hich h h | hilicity of th If i and the mixture was stirred at 8C for 5 min. After completion
which can enhance the nucieophiiicity of the sulfonamite - ¢ ynq reaction (indicated by TLC), the mixture was filtered through

nitrogen. Regioselective nucleophilic attack of the sulfonamide cgjite and washed with EtOAc (% 10 mL). The filtrate was
group to the metal-coordinated triple bond through its nitrogen collected and concentrated under vacuum. The residue was purified
by column chromatography (Sito afford the desired product as
(12) Baldwin, J. E.J. Chem. SogChem. Commuril976 736. a white solid (0.24 g, 89%); mp 13920 °C; 'H NMR (CDCls,

J. Org. ChemVol. 72, No. 22, 2007 8549



JOCNote

400 MHz) 6 7.90 (dd,J = 7.7 and 0.6 Hz, 1H), 7.637.26 (m, Cochin University of Science and Technology, Kochi, India for

7H), 6.69 (s, 1H), 3.01 (s, 3H), 2.41 (s, 3H); IR (CMCHCk) allowing him to pursue this work as a part of his M. Sc. project
1346, 11841z (ES mass) 286 (M- 1, 100%);:3C NMR (CDCh, work.

50 MHz) 144.7, 140.1, 132.9, 132.1, 131.7, 131.3, 129.6 (2C), 128.0

(2C), 127.6, 127.5, 122.4, 111.5, 35.7, 21.3; elemental analysis

found C 67.39, H 5.29, N 4.63;,¢H:sNO,S requires C 67.34, H Supporting Information Available: Experimental procedures,
5.30, N 4.91. characterization for all new compounds, and crystallographic
information files. This material is available free of charge via the
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