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Abstract

Radical cyclization and ionic cyclization onto the aromatic rings of 2-arylethanesulfonamides
with polymer-supported hypervalent iodine reagents were examined, where the reactivities
appear to be dependent on the substituent bonded to the nitrogen atom of 2-
arylethanesulfonamides to obtain the corresponding 3,4-dihydro-2,1-benzothiazine 2,2-dioxides.
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Introduction

Extensive study on organohypervalent iodine compounds has been carried out and these
compounds have been widely used for organic synthesis.1 Based on the synthetic utility of the
organohypervalent iodine reagents, some polymer-supported hypervalent iodine reagents have
been also developed and their synthetic uses were studied.”™ As one important synthetic
application with organohypervalent iodine reagents, we have been studying the preparation of
heterocyclic compounds via radical reaction mechanism with (diacetoxyiodo)arene in the
presence of iodine.’ Among them, 3,4-dihydro-2,1-benzothiazine 2,2-dioxide derivatives have
potent biological activities such as lipoxygenase inhibition and as drugs for heart diseases (Fig.
1). Therefore, active studies for the synthetic development of benzothiazine derivatives have
been carried out.’

ISSN 1551-7012 Page 11 ®ARKAT USA, Inc



Issue in Honor of Prof. Anastasios Varvoglis ARKIVOC 2003 (vi) 11-20

R2
RS R'=H, Bn
5 R? = H, OH, alkoxy
NN R® = H, piperazinyl
Rt O

Figure 1. 3,4-Dihydro-2,1-benzothiazine 2,2-Dioxide Derivatives.

Today, five established methods for the construction of the 3,4-dihydro-2,1-benzothiazine 2,2-
dioxide skeleton are known, i.e.:
1) cyclization of 2-(0-aminophenyl)ethanesulfonic acid with phosphoryl chloride”
i1) cyclization of N-phenylsulfamoylacetic acid with polyphosphoric acid and subsequent
reduction of the carbonyl group7b
ii1) pyrolysis of B-arylethanesulfonyl azides’®
iv) cyclization of N-benzyl-N-methanesulfonyl(o-chloromethyl)aniline with  sodium
hydride’®
v) radical cyclization of 2-arylethanesulfonamides with (diacetoxyiodo)benzene (DIB) and
iodine™
However, methods i ~ iv require many preparative steps, and quite acidic or basic conditions;
moreover, the yields of cyclization products are generally not so high. On the other hand, method
v provides the corresponding cyclization products in good yields under mild conditions. Based
on this method v, we planned to develop the preparation of 3,4-dihydro-2,1-benzothiazine 2,2-
dioxides from 2-arylethanesulfonamides with polymer-supported hypervalent iodine reagents.

Results and Discussion

Cyclization of N-methyl-2-arylethanesulfonamides via radical pathway

Based on the direct preparation of N-methyl-3,4-dihydro-2,1-benzothiazine 2,2-dioxides from N-
methyl-2-arylethanesulfonamides with (diacetoxyiodo)benzene (DIB) in the presence of iodine
under photochemical conditionsse, the same radical cyclization with poly{4-
(diacetoxyiodo)styrene} (PSDIB) in the presence of iodine was carried out. Thus, irradiation of a
mixture of N-methyl-2-arylethanesulfonamides with PSDIB* (3.0 eq.) in the presence of iodine
(1.0 eq.) in 1,2-dichloroethane with a tungsten lamp (500W) was carried out at room
temperature, and the results are shown in Table 1 and Scheme 1.

Table 1. Radical cyclization of N-methyl-2-arylethanesulfonamides
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Entry Substrate R Time (h) Yields (%)
Total (X=H: 1)
: la. H 2 96 (25 : 71)
2 1b F 3 88 (35 : 43)
> le cl 3 61 (30: 31)
4 1d CHy 3 95 (0 : 95)
5 1a H 2 40 (0 : 40)*°

*PSHTIB was used instead of PSDIB.
® Starting material was recovered in 27% yield.
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Scheme 1. Radical cyclization of N-methyl-2-(a-naphthyl)ethanesulfonamide and N-methyl-2-
{3’-[N-(benzenesulfonyl)indolyl]} ethanesulfonamide.

In spite of the heterogeneous solution, the photolytic radical reaction proceeds effectively to
provide the corresponding cyclization products in good yields via sulfonamidyl radicals, with 2-
phenyl-, 2-naphthyl-, and 2-indolylethanesulfonamides. When poly{4-
[hydroxy(tosyloxy)iodo]styrene} (PSHTIB)4f was used instead of PSDIB under the same
conditions, the yield of cyclization product was decreased (entry 5). The same photolytic
treatment of N-methoxy-2-arylethanesulfonamides with PSDIB in the presence of iodine did not
proceed at all.
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Cyclization of N-methoxy-2-arylethanesulfonamides via ionic pathway

Then, ionic cyclization of 2-arylethanesulfonamides with PSDIB and PSHTIB was carried out as
shown in Table 2. The cyclization of N-methyl-2-phenylethanesulfonamides with PSDIB (entry
1) and PSHTIB did not proceed at all, and the starting materials were recovered. However,
treatment of N-methoxy-2-arylethanesulfonamides with PSHTIB in acetonitrile gave the
corresponding cyclization products, N-methoxy-3,4-dihydro-2,1-benzothiazine 2,2-dioxides in
good to moderate yields at room temperature (entries 2—5). As shown in Table 2, electron-
donating groups on the aromatic ring increase the yield, and electron-withdrawing groups on the
aromatic ring reduce the yield of the cyclization products. This suggests that the reaction
proceeds through an electrophilic pathway onto the aromatic ring of N-methoxy-2-
arylethanesulfonamides.

Table 2. Ionic cyclization of N-methoxy-2-arylethanesulfonamides

N
H CH5CN N
Iy

QL
S..-R'  PSHTIB (1.5 eq.) =6
/©/\/ R N
R

1.
5 r 6

Entry Substrate R R' Time (h) Yields (%)
1 1a H CH; 6 0*
2 5a H OCH; 4 64 [70]°
3 5b F OCH; 4 31
4 5¢ Cl OCH; 4 34
5 5d CH; OCH; 4 67
6 Sa H OCHz; 6 trace®

* Starting material was quantitatively recovered.
b Regenerated PSHTIB was used.
“PSDIB was used instead of PSHTIB.

The same treatment of N-methoxy-2-phenylethanesulfonamides with PSDIB, which has a
less polarized iodine center than that of PSHTIB, did not generate any cyclization product (entry
6). When N-methoxy-2-(4’-methoxyphenyl)ethanesulfonamide, which has an electron-rich
aromatic ring, was used, this reaction provides the corresponding spiro sultam (Scheme 2).
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Scheme 2. Ionic cyclization of N-methoxy-2-(4’-methoxyphenyl)ethanesulfonamide.

Thus, under the ionic conditions, the N-methoxy group in N-methoxy-2-arylethanesulfonamides
plays an important role for the formation of an N-I bonded hypervalent iodine intermediate, and
the subsequent electrophilic cyclization onto the aromatic ring by the electrophilic nitrogen atom
proceeds smoothly to generate N-methoxy-3,4-dihydro-2,1-benzothiazine 2,2-dioxide, together
with the formation of poly(4-iodostyrene) and p-toluenesulfonic acid. The recovered poly(4-
iodostyrene) can be converted to PSDIB and PSHTIB, and reused for the same reactions (Table 2,
entry 2).

N-Methoxy-3-arylpropionamides react with [bis(trifluoroacetoxy)iodo]benzene to form N-I
bonded hypervalent iodine intermediates in which the electron-deficient nitrogen atom is
attacked by the 0-position of the side-chained aromatic ring to give N-methoxy-3,4-dihydro-1H-
quinolin-2-ones.8 Based on the results, treatment of N-methoxy-3-phenylpropaneamide with
PSHTIB was carried out to provide N-methoxy-3,4-dihydro-1H-quinolin-2-one in moderate yield.

o) PSHTIB (2.0 eq.) ©\/l
|
rt,5h OCHs
8 9
52 9%

Scheme 3. Ionic cyclization of N-methoxy-3-phenylpropionamide.

Once N-methoxy-3,4-dihydro-1H-quinolin-2-one and N-methoxy-3,4-dihydro-2,1-benzothiazine
2,2-dioxides are formed, the corresponding N-free 3.,4-dihydro-1H-quinolin-2-one and N-free
3,4-dihydro-2,1-benzothiazine 2,2-dioxides are easily obtained in quite good yields with
samarium iodide in tetrahydrofuran.

Experimental Section

General Procedures. Melting points were determined on an electrothermal apparatus in open
capillary tubes and are uncorrected. '"H NMR and °C NMR spectra were obtained on a JEOL-
JMN-GSX 500 and a JEOL-JMN-GSX 400. Chemical shifts are expressed in parts per million
from tetramethylsilane (TMS) in J units. J values are given in hertz. IR spectra were recorded on
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a FT/IR-200 spectrometer. Mass spectra were measured with QMS (EI) and high-resolution mass
spectra (HRMS) were measured with a 110A mass spectrometer. Microanalyses of polymers
were performed with Perkin-Elmer 240B and 240 elemental analyzers at the Chemical Analysis
Center of Tsukuba University. Silica Gel 60 (Kanto Kagaku Co.) was used for column
chromatography, Kieselgel 60 F254 (Merck) was used for TLC, and Wakogel B-5F was used for
preparative TLC. All reactions were carried out under an argon atmosphere.

Materials. Most sulfonamides and amide were prepared by the reaction of sulfonyl chlorides or
acid chloride with amines. Sulfonyl chlorides were prepared from the corresponding sodium
sulfonates, which were obtained from the reaction of alkyl bromides and sodium sulfite.”

Preparation of poly[4-(diacetoxyiodo)styrene] (PSDIB). A mixture of 16 g (153 mmol) of
polystyrene (Aldrich 33165-1), 18 g (71 mmol) of iodine, 7 g (21 mmol) of iodine pentoxide, 40
mL of carbon tetrachloride, and 35 mL of 50 % sulfuric acid in 200 mL of nitrobenzene was kept
at 90 °C for 72 h. After the reactions were completed, the reaction mixture was diluted with 100
mL of chloroform and precipitation occurred upon the addition of methanol (1500 mL). The
precipitates were collected by filtration to give poly(4-iodostyrene). IR peaks of 700 and 760
em | in polystyrene disappeared, and a new peak at 820 cm ! appeared in poly(4-iodostyrene).
Hydrogen peroxide (30 %, 40 mL) was added dropwise to an acetic anhydride solution (145 mL)
at 0 °C. The solution was slowly warmed to room temperature and stirred overnight. To this
solution was added poly(4-iodostyrene) (8 g). The solution was kept at about 48 °C overnight. At
the end of the reaction, diethyl ether was added to the solution to cause precipitation. The
product (ca. 9 g) was collected by filtration: IR (KBr) 1630 (br), 1560 (br), 1480, 1450, 1410,
1260, 1180, 1000, 770 (br) cmﬁl; Anal. Found: C, 36.33; H, 3.66; 1, 39.19.

Preparation of poly{[4-hydroxy(tosyloxy)iodo]styrene} (PSHTIB). PSDIB (10 mmol) was
added to a solution of p-toluenesulfonic acid monohydrate (20 mmol) in chloroform (20 mL) and
stirred for 24 h at room temperature under dark conditions. After the reaction was completed,
diethyl ether (50 mL) was added to the reaction mixture. The mixture was filtered, and the solid
was washed with diethyl ether: IR (KBr) 3430 (br), 2920, 1480, 1400, 1210, 1180, 1130, 1040,
1010, 820, 765, 700, 570 cmﬁl; Anal. Found: C, 36.33; H, 3.66.

Typical procedure for the radical cyclization of N-methyl-2-phenylethanesulfonamide with
PSDIB

PSDIB (1.5 mmol) was added to a solution of N-methyl-2-phenylethanesulfonamide (0.5 mmol)
in 1,2-dichloroethane (5 mL), and then iodine (0.5 mmol) was added to the solution. The mixture
was irradiated with a tungsten lamp (500 W) at 20-30 °C for 2 h under an argon atmosphere.
After the reaction, the reaction mixture was filtered. The filtrate was poured into a saturated
aqueous sodium sulfite solution and extracted with chloroform thrice. The organic layer was
dried over sodium sulfate. After removal of the solvent under reduced pressure, the residue was
chromatographed on silica gel (eluent: hexane / ethyl acetate =3/ 1).
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N-Methyl-3,4-dihydro-2,1-benzothiazine 2,2-dioxide (2a). mp 77-79 °C; IR (KBr) 2980,
2940, 1580, 1490, 1330, 1170 cmﬁl; '"H NMR (CDCl3) 6 3.30 (s, 3H), 3.33 (t, J = 6.9 Hz, 2H),
3.44 (t, J= 6.9 Hz, 2H), 6.96 (dd, J = 8.0, 1.0 Hz, 1H), 7.05 (td, J= 7.6, 1.0 Hz, 1H), 7.16 (dd, J
= 7.6, 1.2 Hz, 1H), 7.27 (m, 1H); °C NMR (CDCl3) & 27.90 (s), 31.97(p), 45.55 (s), 117.47 (%),
122.82 (q), 123.14 (t), 127.88 (t), 129.30 (t), 141.14 (q); MS (EI) M 197; Anal. Caled for
CoH 1NO,S: C, 54.80; H, 5.62; N, 7.10. Found: C, 54.74; H, 5.52; N, 7.07.
N-Methyl-6-iodo-3,4-dihydro-2,1-benzothiazine 2,2-dioxide (3a). mp 139-141 °C; IR (KBr)
2940, 1590, 1560, 1320, 1100 cm_l; 'H NMR (CDCl3) 6 3.26 (s, 3H), 3.32 (t, J = 7.1 Hz, 2H),
3.40 (t, J=7.1 Hz, 2H), 6.70 (d, J = 8.8 Hz, 1H), 7.49 (d, J = 2.0 Hz, 1H), 7.55 (dd, J = 8.8, 2.0
Hz, 1H); Pc NMR (CDCl3) 6 27.51 (s), 31.74 (p), 45.27 (s), 86.24 (q), 119.16 (1), 125.03 (q),
136.73 (t), 137.89 (t), 141.06 (q); MS (EI) M 323; Anal. Caled for CoH;INO,S: C, 33.45; H,
3.12; N, 4.33. Found: C, 33.55; H, 3.06; N, 4.27.
N-Methyl-7-fluoro-3,4-dihydro-2,1-benzothiazine 2,2-dioxide (2b). mp 67-68 °C; IR (KBr)
3000, 2950, 1620, 1590, 1510, 1320, 1300, 1210, 1170, 1140 cm_l; 'H NMR (CDCl3) 6 3.28 (s,
3H), 3.34 (ddd, J=17.5, 6.3, 1.3 Hz, 2H), 3.43 (ddd, J = 7.5, 6.3, 1.3 Hz, 2H), 6.66 (dd, J = 10.8,
2.4 Hz, 1H), 6.75 (td, J = 8.2, 2.4 Hz, 1H), 7.10-7.13 (m, 1H); Bc NMR (CDCl3) 6 27.36 (s),
31.21 (p), 45.68 (s), 104.34 (t, Jc_r = 26.5 Hz), 109.68 (t, Jc_r = 21.5 Hz), 118.05 (q, Jc_r = 4.2
Hz), 130.67 (t, Jc_r = 9.1 Hz), 142.43 (q, Jc_r = 9.9 Hz), 162.30 (q, Jc_r = 245.6 Hz); MS (EI)
M 215; Anal. Calcd for CoH;oFNO,S: C, 50.22; H, 4.68; N, 6.51. Found: C, 50.03; H, 4.70; N,
6.50.

N-Methyl-7-fluoro-6-iodo-3,4-dihydro-2,1-benzothiazine 2,2-dioxide (3b). mp 115-117 °C;
IR (KBr) 3000, 2940, 1600, 1570, 1490, 1330, 1160, 1130 cm_l; 'H NMR (CDCl3) & 3.27 (s,
3H), 3.34 (t, J = 6.6 Hz, 2H), 3.41 (t, J = 6.6 Hz, 2H), 6.66 (d, Jy_r = 9.6 Hz, 1H), 7.51 (d, Jg_F
= 6.7 Hz, 1H); Bc NMR (CDCl3) 6 26.94 (s), 31.01 (p), 45.41 (s), 72.55 (q, Jc_r = 26.3 Hz),
104.36 (t, Jc_r = 27.9 Hz), 120.15 (q, Jc_r = 3.3 Hz), 139.20 (t, Jc_r = 6.6, 2.5 Hz), 142.83 (q,
Jcr = 9.0 Hz), 161.17 (q, Jc_r = 244.5 Hz); HRMS (EI) found M’ 340.9362, caled for
CyHoFINO,S M 340.9383.

N-Methyl-7-chloro-3,4-dihydro-2,1-benzothiazine 2,2-dioxide (2¢). mp 93-94 °C; IR (KBr)
3080, 2940, 1600, 1490, 1330, 1160 cm_l; 'H NMR (CDCl3) 6 3.29 (s, 3H), 3.34 (ddd, J = 8.2,
5.6, 1.4 Hz, 2H), 3.43 (t, J=8.2, 5.6, 1.4 Hz, 2H), 6.93 (d, J = 2.1 Hz, 1H), 7.02 (dd, J = 8.2, 2.1
Hz, 1H), 7.09 (d, J = 8.2 Hz, 1H); PC NMR (CDCl3) 6 27.53 (s), 31.42 (p), 45.52 (s), 117.10 (1),
120.89 (q), 122.96 (t), 130.45 (t), 133.65 (q), 142.11 (q); MS (EI) M 231; Anal. Calcd for
CyoHoCINO,S: C, 46.65; H, 4.35; N, 6.05. Found: C, 46.60; H, 4.29; N, 5.94.
N-Methyl-7-chloro-6-iodo-3,4-dihydro-2,1-benzothiazine 2,2-dioxide (3¢). mp 141-142 °C;
IR (KBr) 2980, 2940, 1580, 1550, 1460, 1330, 1160, 1130 cm '; 'H NMR (CDCLy) 8 3.26 (s,
3H), 3.33 (t, J = 6.8 Hz, 2H), 3.40 (t, J = 6.8 Hz, 2H), 7.01 (s, 1H), 7.61 (s, 1H); °C NMR
(CDCl3) 8 27.01 (s), 31.15 (p), 45.32 (s), 89.59 (q), 117.33 (1), 122.74 (q), 137.90 (q), 140.13 (1),
142.30 (q); MS (EI) M 357; Anal. Caled for CoHoCIINO,S: C, 30.23; H, 2.54; N, 3.92. Found:
C, 30.30; H, 2.49; N, 3.83.
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N-Methyl-6-iodo-7-methyl-3,4-dihydro-2,1-benzothiazine 2,2-dioxide (3d). mp 138-139 °C;
IR (KBr) 3000, 2940, 1600, 1550, 1330, 1160 cmﬁl; 'H NMR (CDCl3) 6 2.41 (s, 3H), 3.27 (s,
3H), 3.30 (t, J = 6.8 Hz, 2H), 3.38 (t, J = 6.8 Hz, 2H), 6.82 (s, 1H), 7.57 (s, 1H); Bc NMR
(CDCl3) & 26.95 (s), 27.89 (p), 31.86 (p), 45.31 (s), 93.21 (q), 118.45 (t), 122.07 (q), 139.06 (1),
141.07 (q), 141.31 (q); MS (EI) M 337; Anal. Calcd for C1oH2INO,S: C, 35.62; H, 3.59; N,
4.15. Found: C, 35.67; H, 3.45; N, 3.99.

N-Methyl-3,4-dihydro-2,1-naphthothiazine 2,2-dioxide (2e). mp 190-191 °C; IR (KBr) 3060,
2940, 1620, 1620, 1600, 1510, 1470, 1330, 1160 cm_l; 'H NMR (CDCl3) 6 3.43 (s, 3H), 3.45 (t,
J=17.1Hgz, 2H), 3.79 (t, J =7.1 Hz, 2H), 7.24 (d, J = 9.7 Hz, 1H), 7.48 (ddd, J=7.9, 7.0, 1.0 Hz,
1H), 7.57 (ddd, J =8.5, 7.0, 1.4 Hz, 1H), 7.79 (d, J =9.7 Hz, 1H), 7.82 (dd, J = 7.9, 1.4 Hz, 1H),
7.90 (dd, J = 8.5, 1.0 Hz, 1H); Bc NMR (CDCl3) 6 25.24 (s), 35.77 (p), 43.30 (s), 117.26 (q),
119.72 (t), 122.30 (t), 125.27 (t), 127.34 (1), 128.62 (t), 128.99 (t), 130.21 (q), 131.71 (q), 139.07
(q); MS (EI) M 247; Anal. Calcd for Ci3H3NO,S: C, 63.13; H, 5.30; N, 5.66. Found: C, 63.10;
H, 5.23; N, 5.62.

9-Benzenesulfonyl-1-methyl-3,4-dihydro-2,1-indolethiazine 2,2-dioxide (2f). mp 208 °C
(decomp.); IR (KBr) 3100, 3080, 2930, 1630, 1460, 1360, 1180 cmﬁl; 'H NMR (CDCl3) 6 3.08
(t, J = 6.7 Hz, 2H), 3.19 (t, J = 6.7, 2H), 3.43 (s, 3H), 7.22-7.27 (m, 2H), 7.30-7.35 (m, 3H),
7.44 (tt, J=17.5, 1.4 Hz, 1H), 7.80-7.82 (m, 2H), 8.19 (d, J = 8.5 Hz, 1H); Bc NMR (CDCl3) o
19.48 (s), 38.97 (s), 43.02 (p), 107.24 (q), 116.19 (t), 118.05 (t), 124.74 (1), 125.26 (t), 127.29 (1),
128.48 (q), 128.81 (t), 134.04 (t), 134.51 (q), 136.26 (q), 136.87 (q); HRMS (EI) found M
376.0553, calcd for C17H16N204SZ M 376.0552.
3-Iodo-9-benzenesulfonyl-1-methyl-2,1-indolethiazine 2,2-dioxide (4). mp 195 °C (decomp.);
IR (KBr) 3070, 2960, 2920, 1730, 1590, 1580, 1370, 1350, 1180, 1170 cmﬁl; 'H NMR (CDCly)
0 3.54 (s, 3H), 7.26-7.34 (m, 3H), 7.37-7.41 (m, 2H), 7.46 (tt, J= 7.5, 1.2 Hz, 1H), 7.76 (s, 1H),
7.81 (dd, J = 8.7, 1.1 Hz, 2H), 8.18 (d, J = 8.5 Hz, 1H); >°C NMR (CDCl3) & 41.02 (p), 80.64
(q), 111.24 (q), 116.43 (t), 118.24 (t), 125.38 (q), 125.59 (t), 126.03 (t), 127.49 (t), 129.05 (1),
134.58 (t), 134.74 (t), 135.68 (q), 136.42 (t), 140.22 (q); HRMS (EI) found M 499.9352, calcd
for C17H13IN20482 M 499.9362.

Typical procedure for the ionic cyclization of N-methoxy-2-phenylethanesulfonamide with
PSHTIB

N-Methoxy-2-phenylethanesulfonamide (0.5 mmol) was added to a solution of PSHTIB (0.75
mmol) in acetonitrile (5 mL). The mixture was stirred at room temperature for 4 h under an
argon atmosphere. After the reaction, diethyl ether (10 mL) was added to the reaction mixture
and the mixture was filtered to remove poly(4-iodostyrene). The filtrate was poured into water
and extracted with diethyl ether thrice. The combined organic layer was dried over sodium
sulfate. After filtration, the solvent was removed and the residue was chromatographed on silica
gel (eluent: hexane / ethyl acetate =2/ 1).

N-Methoxy-3,4-dihydro-2,1-benzothiazine 2,2-dioxide (6a). mp 104—106 °C; IR (KBr) 3000,
2950, 2815, 1580, 1480, 1360, 1170 cm_l; 'H NMR (CDCl3) 6 3.42 (t, J = 6.4 Hz, 2H), 3.50 (td,
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J=6.4,1.5 Hz, 2H), 4.08 (s, 3H), 7.20-7.23 (m, 2H), 7.31-7.34 (m, 1H), 7.36-7.40 (m, 2H); "°C
NMR (CDCl3) 6 27.86 (s), 40.20 (s), 65.57 (p), 126.72 (q), 127.88 (t), 128.03 (t), 128.90 (t),
129.41 (t), 141.88 (q); MS (EI) M’ 213; Anal. Calced for CoH;1NO3S: C, 50.69; H, 5.20; N, 6.57.
Found: C, 50.76; H, 5.32; N, 6.58.

N-Methoxy-7-fluoro-3,4-dihydro-2,1-benzothiazine 2,2-dioxide (6b). mp 76-78 °C; IR (KBr)
3000, 2950, 2820, 1600, 1490, 1360, 1170 cmﬁl; 'H NMR (CDCl3) 6 3.37 (t, J = 6.4 Hz, 2H),
3.47 (td, J = 6.4, 1.3 Hz, 2H), 4.07 (s, 3H), 7.02(td, J = 8.2, 2.7 Hz, 1H), 7.08 (dd, J = 8.8, 2.7
Hz, 1H), 7.17 (dd, J = 8.6, 6.0 Hz, 1H); Bc NMR (CDCl3) 6 27.22 (s), 40.48 (s), 65.83 (p),
113.52 (t, Jc_rp=23.8 Hz), 115.96 (t, Jc_r = 22.1 Hz), 122.14 (q, Jc_r = 4.2 Hz), 130.72 (t, Jc_F
= 8.2 Hz), 142.84 (q, Jc_r = 9.8 Hz), 161.64 (q, Jc_r = 247.5 Hz); MS (EI) M 231; Anal. Calcd
for CoH;oFNO5S: C, 46.75; H, 4.36; N, 6.06. Found: C, 46.94; H, 4.41; N, 5.89.
N-Methoxy-7-chloro-3,4-dihydro-2,1-benzothiazine 2,2-dioxide (6¢). mp 123-125 °C; IR
(KBr) 3000, 2950, 2815, 1600, 1480, 1360, 1160 cmﬁl; '"H NMR (CDCl3) 6 3.37 (t, J = 6.7 Hz,
2H), 3.48 (t, J = 6.5 Hz, 2H), 4.08 (s, 3H), 7.14 (d, J = 8.2 Hz, 1H), 7.27 (dd, J = 8.5, 2.0 Hz,
1H), 7.36 (d, J = 2.1 Hz, 1H); Bc NMR (CDCl3) 6 27.55 (s), 40.42 (s), 65.95 (p), 125.08 (q),
127.14 (t), 128.92 (t), 130.60 (t), 133.53 (q), 142.90 (q); MS (EI) M 247; Anal. Calcd for
CoHoCINO3S: C, 43.64; H, 4.07; N, 5.65. Found: C, 43.39; H, 4.08; N, 5.52.
N-Methoxy-7-methyl-3,4-dihydro-2,1-benzothiazine 2,2-dioxide (6d). mp 119-121 °C; IR
(KBr) 3000, 2950, 2815, 1620, 1500, 1360, 1170 cm_l; 'H NMR (CDCl3) 6 2.36 (s, 3H), 3.36 (t,
J=6.6 Hz, 2H), 3.47 (t, J = 6.6 Hz, 2H), 4.07 (s, 3H), 7.08 (d, J= 7.9 Hz, 1H), 7.12 (dd, J = 7.6,
1.6 Hz, 1H), 7.18 (s, 1H); Bc NMR (CDCl3) 6 20.99 (p), 27.56 (s), 40.20 (s), 65.68 (p), 123.61
(q), 128.27 (t), 129.32 (t), 130.07 (t), 138.22 (q), 141.63 (q); MS (EI) M 227; Anal. Calcd for
CioH3NOs3S: C, 52.85; H, 5.77; N, 6.16. Found: C, 52.80; H, 5.69; N, 6.14.
N-Methoxy-z,2-di0x0-2l6-thia-1-azaspiro[4.5]deca-6,9-dien-8-0ne (7). mp 133-135 °C; IR
(KBr) 2980, 2950, 2830, 1680, 1610, 1400, 1330, 1160 cm_l; 'H NMR (CDCl3) 6 2.44 (t,J=28.0
Hz, 2H), 3.44 (t, J = 7.9 Hz, 2H), 3.81 (s, 3H), 6.39 (d, J=10.1 Hz, 2H), 7.05 (d, J = 10.4 Hz,
2H); Bc NMR (CDCl3) 6 27.19 (s), 43.15 (s), 61.79 (q), 66.62 (p), 131.12 (1), 145.74 (t), 184.14
(q); MS (EI) M 229; Anal. Calcd for CoH{1NO4S: C, 47.15; H, 4.84; N, 6.11. Found: C, 47.16;
H, 4.68; N, 6.07.

Procedure for the ionic cyclization of N-methoxy-3-phenylpropionamide with PSHTIB

A mixture of N-Methoxy-3-phenylpropionamide (0.5 mmol) in acetonitrile (40 mL) was added
dropwise to a solution of PSHTIB (0.75 mmol) in acetonitrile (10 mL). The mixture was stirred
at room temperature for 5 h under an argon atmosphere. After the reaction, the reaction mixture
was filtered to remove the polymer species. The filtrate was evaporated and the residue was
extracted with water and diethyl ether thrice. The combined organic layer was dried over sodium
sulfate. After filtration, the solvent was removed and the residue was chromatographed on silica
gel (eluent: hexane / ethyl acetate =2/ 1).

N-Methoxy-3,4-dihydro-1H-quinolin-2-one (9). oil; IR (neat) 2940, 2840, 1690 (br), 1610,
1490, 1460, 1360, 1270, 1190, 960, 760 cm_l; 'H NMR (CDCl3) 0 2.68-2.74 (m, 2H), 2.92 (t, J
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= 6.9 Hz, 2H), 3.92 (s, 3H), 7.04 (td, J = 7.3, 1.3 Hz, 1H), 7.17 (dd, J = 7.3, 0.9 Hz, 1H), 7.23
(dd, J=8.1, 1.3 Hz, 1H), 7.26-7.32 (m, 1H). MS (E)) M" 177.
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