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Abstract: Various N-alkylsaccharins were easily prepared in moderate to good yields by the reaction
of N-alkyl(o-methyl)arenesulfonamides with (diacetoxyiodo)benzene in the presence of iodine under
irradiation with a tungsten lamp (W-hv). On the other hand, imadiation of N-alkyl(o-
methyl)arenesulfonamide derivatives bearing various substituents on the aromatic ring with a high-
pressure mercury lamp (Hg-hv), in the presence of (diacetoxyiodo)benzene and iodine gave the
corresponding N-alkyl-1,2-benzisothiazoline-3-one-1-oxide derivatives in moderate yields, together
with N-alkyl-1,2-benzisothiazoline-3-one-1,1-dioxide (saccharin) derivatives.
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Introduction

Trivalent iodine compounds have been used for various organic syntheses. For example, oxidation.
halogenation, alkylation, and arylation have been studied, and most of these reactions proceed through
ionic reaction pathways.] On the other hand, the reactions through radical pathways have also been
studied extensively as follows. For instance, (diacyloxyiodo)arenes can generate alkyl,2 alkoxy,?
aminyl,* and aryl cation radicals’ by the reaction of carboxylic acids, alcohols, amines, and electron-rich
aromatics, respectively. Here, the alkyl radicals formed were used for C-C bond formations such as
alkylation of sn-deficient heteroaromatic compounds, addition to activated olefins having electron-
withdrawing groups, and functionalization. Oxygen-centered radicals, such as carbonyloxy radicals and
alkoxy radicals, were used for intramolecular cyclization® and fragmentation. In the case of nitrogen-
centered radicals, the Hofmann-Loffler-Freytag-type reactions by the photolysis of N-nitroamine, N-
cyanamide, and N-phosphoramidate derivatives from steroidal compounds, with (diacetoxyiodo)benzene
or jodosobenzene,? have been studied by Suarez.

Today, it is well-known that many isothiazole derivatives exhibit biological activity in the medical and
agrochemical fields.” Among them, saccharin derivatives, ie., a-ethyl[3-0x0-1,2-benzisothiazole-
2(3H)Jacetamide-1,1-dioxide and 2-{4-[4-(2-pyrimidiny])piperazinyl]butyl}-3-oxo-1,2-benzisothiazole-
2(3H)-1,1-dioxide (Ipsapirone), have potent antibacterial, sedative-hypnotic, anti-anxicty and anti-

convulsant activities.” Recently, as an orally active bioavailable human leukocyte elastase (HLE)
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inhibitor, [6-methoxy-4-isopropyl-3-oxo-1,2-benzisothiazole-2(3H)-yl]methyl-2,6-dichloro-3-[2-(4-
morpholinyl)ethoxy]benzoate-S,S-dioxide (WIN) series®, saccharin-based inhibitors, were found to have
potent HLE inhibitory activity. Therefore, extensive studies on the preparation of these skeletons have
been carried out, mainly by the ortho-lithiation and subsequent sulfonation of benzamide, or the ortho-
lithiation and subsequent carbonation of benzenesulfonamides.®

Here, as a part of our study on the synthetic use of sulfonamidyl radicals,10 we would like to report
the direct preparation of various 1,2-benzisothiazoline derivatives, including saccharin derivatives, from
various N-alkyl(o-methyl)arenesulfonamides with (diacetoxyiodo)arenes in the presence of iodine via
sulfonamidyl radicals.1!

Results and Discussion
Conversion to the Saccharin (1,2-Benzisothiazoline-3-one-1,1-dioxide) Derivatives.

To camry out the cyclization to N-alkyl-1,2-benzosultams via a sulfonamidyl radical, N-methyl(o-
methyl)benzenesulfonamide la-I was treated with (diacetoxyiodo)benzene 3A and iodine in 1,2-
dichloroethane under irradiation with a tungsten lamp (W-hv, 500 W), and the unexpected cyclization
product, N-methylsaccharin 2a-I, was obtained. However, N-methyl-1,2-benzosultam 4 was not
formed. The reaction also proceeds in ethyl acetate which is a less toxic solvent (entry 8 in Table 1).
The reaction was completely inhibited by the addition of a galvinoxyl free radical (entry 7 in Table 1). This
result suggests that the reaction procceds by way of a radical pathway, indirectly. Moreover, as the
reaction temperature was elevated, the yields slightly increased. The various conditions to optimize the
yield were carried out as shown in Table 1.

Table 1. Direct Formation of Saccharin Skeleton

Phi(OAc), 3A o]

2 _ N-CH
C[ _NHCH, - g g
S Conditions N
PN 7N o "o
o 0 W-hv (2h) o 0
1a-l 2a-l 4 (not formed)
Conditions Yield (% )
entry
Ratio (1a-1/3A/1p) Temp. Solvent 2a-
1 10/16/10 25~30°C CICH,CH.CI 37
2 1.0/1.6/10 55~ 60 °C CICH,CH,CI 51
3 10/24/10 55~ 60 °C CICH,CH,Ct 55
4 10/3.0/10 55 ~60°C CICH,;CHLCI 57
5 10/3.0/1.0 reflux CICH,CH,C! 61
6 1.0/3.0/20 reflux CICH,CH,CI 22
7 10/3.0/1.0 reflux CICH,CH,CI o¥
8 10/3.0/10 reflux AcOEt 56
a) Galvinoxy!l free radical (1.5 eq.) was added.
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The substituent effect of (diacetoxyiodo)arene 3 in the formation of N-methyl-6-bromosaccharin 2b-
I from sulfonamide 1b-I was studied. Here, (diacetoxyiodo)benzene (3A) showed the best reactivity
(entry 1). However, other (diacetoxyiodo)arenes gave compound 2b-I in low yields; especially,
[bis(trifluoroacetoxy)iodo]benzene (3E) gave a complex reaction mixture, without formation of compound
2b-1.

Table 2. Substituent Effect of (Diacyloxyiodo)arenes

0
CH, 3 (3.0eq)
_NHCH, N-CH,
Br ,/S\\ CICH,CH,CI (reflux) By //S\\
o W-hv (2h) o’ ‘o
1b-l 2b
3 Yield (%)
en
™ X -R 2b-l
1 -H -CH, 3A 80
2 -OCH; -CH, 3B 29
x4 )-OCOR: 3 oM, -cH, 3¢ 18
3 4 -cl -CH, 3D 63
5 -H -CF, 3E 0
6 -H -CH,CHy 3F 29

Next, the substituent effect of N-alkyl groups, N-methyl (I), N-ethyl (IT), N-propyl (III), N-butyl
(IV), and N-benzyl (V), with sulfonamide 1c was investigated. Thus, the substituent effect was clearly
observed and the N-methyl group (le-I) gave the N-methyl-6-methylsaccharin 2¢-1 in the best yield
among these alkyl groups, while other N-alkyl(o-methyl)arenesulfonamides did not form the
corresponding saccharin derivatives effectively as shown in Table 3 (entries 1~5). Here, in entry 5, using
N-benzyl(o-methyl)arenesuifonamide as the starting material, benzaldehyde was obtained in 20% yield.
The same treatment with o-toluenesulfonamide, without N-alkyl group, did not give the corresponding
cyclized product 2 at all (entry 6).
Then, N-methyl(o-methyl)arenesulfonamides (1-I), which bear various substituents on the aromatic rings
(d~h), were treated with (diacetoxyiodo)benzene and iodine under the best conditions, based on the above
results, and the corresponding N-methylsaccharins were obtained in moderate to good yields as shown in
Table 3. Inentry 11, the starting material was recovered in 32% yield together with saccharin derivative
2g-1. Here, the substituent effect on the aromatic ring is not clear. However, the electron-withdrawing

group apparently reduces the reactivity.
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Table 3. Conversion of Various Sulfonamides to Saccharin Derivatives

X1 Phi(OAc), 3A (3.0eq) X1 o
ijé[c'*s I (1.0 eq) XZI‘:E‘(N o
X g NHR CICH,CH,Cl (reflux) X s

’ 7o W-hv (2 b) : d Yo
1 2
1 Yield (%)
entry

X X X -R 2
1 -H -H -CH, -CHj (1c-) 99
2 -H -H -CH, CH,CH;  (fe-ll) 33
3 H -H -CH, (CHg)oCH;  (1c-lil) 33
4 H -H -CHy -(CHg)sCH3  (1c-IV) 25

5 H -H -CHs CHyCeHs  (1e-V) 0
6 -H -H -CH, -H {1c-VI) 0
7 H -H -Br -CH, (1b-1) 80
8 H CH; -H -CHg (1d-) 84
9 CHy -H -C(CHa)s  -CHs3 (1e-) 4
10 -H -H -CONEt,  -CHj3 (1) 45
11 -H -H -NO, -CHy (1g-) 48
12 -H -H -SO,CH;  -CH, (1h-l) 51

a) Benzaldehyde was obtained in 20% yield.

Many types of saccharin derivatives having biological activities have been reported in the medical and
agrochemical fields. However, all of the preparation methods of saccharin derivatives usually require
butyllithium (BuLi), a powerful nucleophile and base, and therefore, the type of substituents on the
aromatic rings is strictly limited. On the other hand, saccharin derivatives having various substituents on
the aromatic rings with the present novel preparation method were easily prepared in moderate to good
yields. A plausible reaction mechanism for the present reaction is shown in Scheme 1. Here, the
formation of N-iodo compound i could be observed by 1H NMR under dark conditions. Then, irradiation
of the solution with a tungsten-lamp showed that N-iodo compound i was consumed completely, and only
a small amount of a saccharin derivative was observed in the reaction solution by 1H-NMR. However, a
saccharin skeleton was mainly formed after preparative-TLC (pTLC) treatment of the reaction mixture.
Moreover, compound 4 is not an intermediate which is formed via the Hofmann-Loffler-Freytag-type
reaction pathway as expected previously, because it was not converted to the saccharin 2a-I under the
same conditions by the blank experiment. Compounds iv~vi, which could not be isolated due to their
chemical instability, are likely to be the intermediates.

In addition, the present reaction does not proceed at all under dark conditions, and also lack of

(diacetoxyiodo)benzene or iodine does not give the saccharin derivatives. The same treatment of N-
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methyl(o-methyl)benzamide, instead of N-methyl(o-methyl)arenesulfonamide, with (diacetoxyiodo)-
benzene and iodine was not a clean reaction and gave N-methylphthalimide only in 25% yield.

CH, Phl((')zAc)z

CHg CHa .
W-hv {1,5-H Shift]
O e = Ol 2 | Tl [
S° “CH, §° “CHy 5" “CHy

02 ! 02 02
H, H,
18-l Hy 5=264(d) I H, §=3.25(s) i
NH: 5 = 4.39 (bs)

CHz‘ | CHQ' CIS
—H —2’ - D . — -
(:[ N N N g e
3

S “CH, ) S
0O, O, O, [l e]

il v v vi

\ H,0

[N — - ‘N-CHj

S S
7N N
0/\0 0/\0

4 2a-1

Scheme 1. Plausible Reaction Mechanism (Formation of 2a-I)

Conversion of N-Alkyl(o-methyl)arenesulfonamides to 1,2-Benzisothiazoline-3-one-1-
oxide Derivatives and 1,2-Benzisothiazoline-3-one-1,1-dioxide Derivatives.

As a further extension for the construction of the saccharin skeleton, we carried out the same reaction
with compound 1¢ under the irradiation with a high-pressure mercury lamp (Hg-hv), instead of a tungsten
lamp. However, surprisingly, the unexpected monodeoxygenative cyclized products, 1,2-
benzisothiazoline-3-one-1-oxide derivatives Sc, were obtained in moderate yields, together with 1,2-
benzisothiazoline-3-one-1,1-dioxide (saccharin) derivatives 2¢.

The formation of compounds 5¢ depends on the N-alkyl group of starting material 1¢ (entries 1~6).

Thus, among various N-alkyl derivatives, the ethyl derivative 1¢-II gave the best yield of Sc, as shown in
Table 4 (entry 2). Again, free sulfonamide 1¢-VI did not give the cyclized products at all (entry 6)
Moreover, the same reaction was carried out under various temperatures. Here, the best yield of S¢-1I
was obtained at room temperaturer (25~35 °C). As the reaction temperature was elevated , the yield of Sc-
11 decreased and the yield of 2¢-I1 increased. Based on these results, the photodeoxygenative cyclization
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Table 4. Effect of N-Alkyl Groups in Sulfonamides and Reaction Temperature.

CHa Phl{OAc), (3.0eq) (¢ o)
/@( " I (10 eq) /(:EQ,N—R . /@f‘(ﬂ_n
H,C //Si\ CICH,CH,Cl  Temp. (°C) H,C 3\\ HsC ,,S\\
o o Hg-hv 2b) o) o o
1c 5c 2c
entry 1c Tomp. (C) Yields (% )
-R 5¢ 2c
1 -CH, (1cd) 25~ 135 20 53
2 -CH,CHg (1c-il) 25~35 43 40
3 -(CH5)oCHj4 (el 25~135 38 47
4 -(CHy)3sCH4 (1c-lv) 25-35 20 55
5 -CH,CgHs (1c-V) 25~35 23 27
6 -H (1c-VI) 25~35 0 0
7 -CH,CHj, (1c-) 10~ 15 19 16
8 -CH,CH, (1c-l) 35~40 35 40
9 -CH,CHg4 (1c-l) 45~ 50 38 47
10 -CH,CH,4 (ic) 55~ 60 20 55
Table 5. Conversion of Various Sulfonamides to Benzisothiazoline Compounds
%, X1 - PIhI(OAc)g 6oy X o %% o
| ] 2 (10¢eq) i T na o+ ] N-R
NHR - ‘ ‘
X3 //s\; CICHCH,Cl 25~35°C x4 S“ Xg ,/S\\
o o Hg-hv (2 h) o) o° ‘o
1 5 2
1 Yields (% )
e -X4 -Xo -Xa -R 5 2
1 -H -H -H -CH,CH;  (1a-ll) 22 41
2 -H -H -Br -CH,CH;  (1b-l) 17 39
3 -H -H -CHy -CH,.CH;  (1c-ll) 43 40
4 -H -CH4 -H -CH,CH;  (1dHil) 40 37
5 -CHa -H -C(CHa)s CHCHas  (1el) 43 46
6 -H -H -CONE, -CH,CH;  (1f-ll) 16 37
7 -H -H -NO, -CH,CHy  (1g-H) trace 51
8 -H -H -SO,CH3 -CH,CH;  (1h-ll) 21 53
9 -CHy -CHg -H -CH,CHy (1K) 46 41
10 -CH,4 -CH4 -CH, -CH,CH;  (1)}1) 41 37
11 -H -Br -CH3 -CH,CH;  (1k-ll) 25 41
12 -CH, -H -C(CHa)s -CH, (1e-l) 32 50
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with various kinds of N-ethyl(o-methyl)arenesulfonamides 1 w

as
Table S. Here, 1,2-benzisothiazoline derivatives were obtained in moderate t

nod vields Tha vield
COG

yields. The yield
of compound 2 was unchanged with each substrate; however, the yield of compound § was drastically
decreased when an electron-withdrawing group was introduced onto the aromatic ring of the starting
sulfonamide 1. Nevertheless, to our knowledge, the synthetic methodology of 1,2-benzisothiazoline-3-
one-1-oxide derivatives 5 is quite limited.12 Therefore, the present new reaction should be very useful
for the preparation of compound 5 as an analogue of a saccharin skeleton, because the comparison of the
biological activities of compounds 2 and 5 is attractive.

The formation of compound 5 does not occur under irradiation with a low-pressure mercury lamp
(25W) in a quartz cell or a tungsten lamp. The structures of compounds 2e-I and Se-I were supported
by the X-ray crystal structure analysis as shown in Fig. 1.

Fig. 1 X-Ray Crystal Structures of Compounds 2e-I and 5e-1

'Z Y Y M 7;‘
Q Ni ]
U R\ ce . 51 b ~ o\ cs ¢ I] @sn
@, § o2 O ’
>k [y

2e-1 BondLengths (A) Se-l Bond Lengths (A)
$(1) - N(1) 1.657 S(1) - N(1) 1.707
S(1) -C(3) 1.748 S(1)-CQ1) 1.755
S(1)-0(2) 1412 S(1)- O(1) 1.482
S(1) - O(3) 1481
Bond Angles (°)
Bond Angles (°) C(1) - S(1) -N(1) 89.0

C@3)-S(1)-N(1) 92.8
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Next, to clarify the reaction mechanism, some control experiments were performed. As a result,
compound 5¢-II and compound 2¢-I1 did not interconvert, under the present reaction conditions.

Furthermore, the same treatment with N-cthyl-2,5-dimethylbenzenesulfinamide 6 was carried out to give

- 0
S

HeC W

@]

Phi(OAc), , | < Sc-ll (26 %)
CICH,CH,CI

o}
Hg-hv
25~35°C 'N_CgHs
HsC S\
O// o

L 2¢-1 26 %)

CH, o
.NHC;H -
HaC g Es CICH,CH,CI HaC s.
3 AN
o ©o

compounds Sc-IT and 2¢-II in 26% and 26% yields, respectively.

I\
(o] W-hv
6
reflux 2¢-H (24 %)
Phl(QAc), /C[CH:‘
CICH,CH,CI HsC g-NHC2Hs
dark o// \\o
25~35°C 1c-1l (68 %)

Scheme 2. Control Experiments

Here, the benzisothiazoline compound was not formed under dark conditions and the lack of
(diacetoxyiodo)benzene or iodine did not give benzisothiazoline compounds again. However. on
treatment of sulfinamide 6 with (diacetoxyiodo)benzene in 1,2-dichloroethane solution under dark
conditions at room temperature, N -ethyl-2,5-dimethylsulfonamide 1c-II was obtained in 68% yield.
From these results, it was found that compounds 2¢-I1 and 5c-II were formed via the formation of
compound 1¢-IT in the above reaction with N -ethyl-2,5-dimethylbenzenesulfinamide 6.

The reaction mechanism for the formation of compound § under the irradiation with Hg-hv is still not
clear. However, compound § may be formed through a radical pathway via the comresponding
sulfonamidyl radical formed from N-iodo compound i, in Scheme 1.

In conclusion, the present reactions are very useful for the preparation of various 1,2-
benzisothiazoline-3-one-1,1-dioxides and 1,2-benzisothiazoline-3-one-1-oxides, because the starting
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sulfonamides are obtained easily by the chlorosulfonation of methylarenes and subsequent amidation with
alkylamine, and the experimental operation is simple, giving the products in good yields.

Experimental Section

General: All reactions were carried out under an argon atmosphere. 1H NMR spectra were measured
with 400 MHz and 500 MHz spectrometers, and 13C NMR spectra were measured with 100 MHz and 125
MHz spectrometers. Chemical shifts are reported as ppm downfield from tetramethylsilane (TMS) in &
units. J Values are given in Hz. Melting points were determined on an electrothermal apparatus in open
capillary tubes and are uncorrected. Wakogel C-200 and C-300 were used for column chromatography,
Kieselgel 60 F254 (Merck) was used for TLC, and Wakogel B-5F was used for p-TLC.

Materials: (Diacetoxyiodo)benzene and [bis(trifluoroacetoxy)iodo]benzene are commercially available.
Other (diacetoxyiodo)arenes were prepared by the oxidation of the comresponding iodoarenes by the
literature method.1>  Most N -alkyl(o-methyl)arenesulfonamides were easily prepared by the
chlorosulfonation of methylarenes and subsequent amidation with alkylamine.  N-Ethyl-2,5-
dimethylbenzenesulfinamide was prepared as follows: chlorosulfonation of p-xylene, treatment with
sodium sulfite (Na2S03), consecutive trimethylsilyl chloride (TMSCI), and subsequent amidation with
ethylamine.14

Typical Procedure: Conversion of N-Alkyl(o-methyl)arenesulfonamides to the Saccharin
Derivatives: (Diacetoxyiodo)benzene (1.5 mmol) and iodine (0.5 mmol) were added to a solution of N-
alkyl(o-methyl)arenesulfonamide (0.5 mmol) in 1,2-dichloroethane (7 ml). The mixture was irradiated
with a tungsten-lamp (500 W) at refluxing temperature for 2 h under an argon atmosphere. After the
reaction, the mixture was poured into chloroform and washed with aq. sodium sulfite solution and
subsequently with water. The organic layer was dried over sodium sulfate. After removal of the
solvent under reduced pressure, the residue was chromatographed by p-TLC on silica gel using a mixture
of hexane and ethyl acetate (1:3-10:1) as an eluent.

Typical Procedure: Conversion of N-Alkyl(o-methyl)arenesulfonamides to the 1,2-
Benzisothiazoline-3-one-1-oxide and 1,2-Benzisothiazoline-3-one-1,1-dioxide
(Saccharin) Derivatives: (Diacetoxyiodo)benzene (1.5 mmol) and iodine (0.5 mmol) were added to a
solution of N-alkyl(o-methyl)arenesulfonamide (0.5 mmol) in 1,2-dichloroethane (7 ml). The mixture
was irradiated with a high pressure mercury lamp (400 W) under stirring for 2 h under an argon
atmosphere at the range of 25-35 *C. After the reaction, the mixture was poured into chioroform and
washed with aq. sodium sulfite solution and subsequently with water. The organic layer was dried over
sodium sulfate. After removal of the solvent under reduced pressure, the residue was chromatographed
on silica gel by p-TLC using the mixture of hexane and ethyl acetate (1:3-10:1) as an eluent.
N-Methylsaccharin (2a-I) : m.p 127.0-128.0 °C; IR (KBr) 1740, 1595, 1470, 1325, 1175 cm}; I1H
NMR (400MHz, CDCl3) & 3.28 (s, 3H), 7.82-7.90 (m, 2H), 7.94 (d, J=6.8 Hz, 1H), 8.07 (d,J =6.8
Hz, 1H); MS (EI) M* 197. Anal. Calcd for CSH7NO3S: C, 48.72; H, 3.58; N, 7.10. Found: C, 48.72;
H, 3.54; N, 6.85.

14893
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N-Methyl-6-bromesaccharin (2b-1) : m.p 191.0-192.0 °C; IR (KBr) 1725, 1585, 1470, 1335, 1185
em'l; 1H NMR (400MHz, CDCI3) 8 3.27 (s, 3H), 7.91 (d, J=8.3 Hz, 1H), 7.95 (d, J=8.3 Hz, 1H),
8.07 (s, 1H); MS (EI) M* 275. Anal. Calcd for CRHBINO3S: C, 34.80; H, 2.19; N, 5.07. Found: C,
34.96; H, 2.03; N, 5.01.

N-Methyl-6-methylsaccharin (2¢-I) : m.p 172.0-173.5 °C; IR (KBr) 1730, 1600, 1490, 1330, 1160
cm-1; 1H NMR (400MHz, CDCI3) & 2.57 (s, 3H), 3.52 (s, 3H), 7.61 (d, J=7.7 Hz, 1H), 7.72 (s, 1H),
7.93 (d, J=7.7 Hz, 1H); 13C-NMR (125MHz, CDCl3) § 22.0 (p), 23.1 (p), 121.2 (£),124.9 (1), 135.0 (1),
137.8 (q), 146.5 (q), 158.8 (q); MS (EI) M+ 211. Anal. Caled for C9H9NO3S: C, 51.17; H, 4.29; N,
6.63. Found: C, 51.04; H, 4.25; N, 6.57.

N-Methyl-S-methylsaccharin (2d-I) : mp 128.0-129.0 °C; IR (KBr) 1740, 1600, 1475, 1330,
1185 em-1; 1TH NMR (400MHz, CDCI3) 8 2.55 (s, 3H), 3.26 (s, 3H), 7.64 (d, J=7.8 Hz, 1H), 7.81 (4,
J=7.8 Hz, 1H), 7.86 (s, 1H); MS (El) M* 211. Anal. Calcd for CgHONO3S: C, 51.17; H, 4.29; N,
6.63. Found: C, 51.03; H, 4.19; N, 6.57.

N-Methyl-4-methyl-6-tert-butylsaccharin (2e-I) : m.p 128.0-129.0 °C; IR (KBr) 1725, 1605,
1480, 1325, 1155 cm™1; 1H NMR (400MHz, CDCI3) & 1.38 (s, 9H), 2.76 (s, 3H), 3.23 (s, 3H), 7.54 (s,
1H), 7.76 (s, 3H); MS (EI) Mt 267. Anal. Caled for C13H17NO3S: C, 58.40; H, 6.41; N, 5.24. Found:
C, 5844; H, 6.39; N, 5.20. Crystal data for 2e-I (296K, Cu-Ko radiation, Rigaku AFCS3S
diffractometer): C13H17NO3S, FW = 267.34, a = 9.167(3) A, b = 7.944(2) A, ¢ = 19.478(2) A, B =
101.55(1)°, monoclinic, P21/n, Z = 4, V = 1389.8(5) A3, DC = 1.278 g cm™3. R factor = 0.058 for 1627
independent observed reflections (I > 3.000(I)); Rw factor = 0.075; Bond lengths: S-N, 1.657 A; S-C,
1.748 A; S-0(1), 1.412 A; S-0(2), 1,481 A.

N-Methyl-6-(N', N’-diethylaminocarbonylsaccharin (2f-I) : m.p 186.5-188.0 °C; IR (KBr)
1725, 1630, 1580, 1490, 1340, 1170 cm-1; 1H NMR (400MHz, CDCl3) & 1.15 (bt, J=7.9 Hz, 3H), 1.29
(bt, J=7.9 Hz, 3H), 3.22 (bq, J=7.9 Hz, 2H), 3.29 (s, 3H), 3.58 (bq, J=7.9 Hz, 2H), 7.79 (d, J=7.8 Hz,
1H), 7.92 (s, 1H), 8.09 (d, J=7.8 Hz, 1H); MS (EI) M+ 296 Anal. Calcd for C13H1§N204S: C,
52.69; H, 5.44; N, 9.45. Found: C, 52.26; H, 543; N, 9.22.

N-Methyl-6-nitrosaccharin (2g-1) : m.p 162.0-163.5 °C; IR (KBr) 1740, 1610, 1540, 1340, 1190
cm-1; 1H NMR (400MHz, CDCl3) 8 3.33 (s, 3H), 8.28 (d, J=8.3 Hz, 1H), 8.68 (d, /=8.3 Hz, 1H),
8.79 (s, 1H); MS (EI) M* 242. Anal. Calcd for C§HgN205S: C, 39.67; H, 2.50; N, 11.57. Found: C,
39.41; H, 2.47; N, 11.43.

N-Methyl-6-(methanesuifonyl)saccharin (2h-I) : m.p 186.5-188.0 °C; IR (KBr) 1730, 1560,
1410, 1325, 1160 cm™L; 1H NMR (400MHz, CDCI3) 8 3.17 (s, 3H), 3.32 (s, 3H), 8.28 (d, J=8.0 Hz,
1H), 8.40 (d, J=8.0 Hz, 1H), 8.52 (s, 1H); MS (EI) M+ 275. Anal. Calcd for C9HgNO5S2: C, 39.26;
H, 3.30; N, 5.09. Found: C, 39.51; H, 3.38; N, 4.95.

N-Ethyl-6-bromosaccharin (2b-II) : m.p 124.5-125.5 °C; IR (KBr) 1725, 1585, 1460, 1340, 1190
cm-1; 1H NMR (400MHz, CDCI3) d 1.45 (1, J=7.3 Hz, 3H), 3.85 (q, J=7.3 Hz, 2H), 7.91 (d, J=8.2 Hz,
1H}, 7.95 (4, J=8.0 Hz, 1H), 8.05 (s, 1H); MS (E[} M* 289. Anal. Calcd for CoHRBINO3S: C, 37.26;
H, 2.78; N, 4.83. Found: C, 37.50; H, 2.79; N, 4.66.

N-Ethyl-6-methylsaccharin (2¢-II) : m.p 106.5-108.0 °C; IR (KBr) 1725, 1605, 1490, 1330, 1160
em-1; TH NMR (400MHz, CDCI3) 8 1.44 (t,J=7.3 Hz, 3H), 2.56 (s, 3H), 3.84 (q, J=7.3 Hz, 2H), 7.60
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(d,J=8.0 Hz, 1H), 7.70 (s, 1H); 13C NMR (100MHz, CDCI3) & 14.2 (p), 22.0 (p), 34.4 (s), 121.1 (1),
124.9(t), 125.0 (q), 135.0 (t), 138.0 (q), 146.5 (q), 158.8 (q); MS (E)) M* 225. Anal. Calcd for
C10H11NO3S: C, 53.32; H, 4.92; N, 6.22. Found: C, 53.31; H, 4.88; N, 6.14.
N-Propyl-6-methylsaccharin (2¢-III) : m.p 77.0-78.5 °C; IR (KBr) 1725, 1600, 1485, 1335, 1175
em1; TH NMR (400MHz, CDC13) 8 1.10 (t, J=7.5 Hz, 3H), 1.88 (dt, J=7.5 Hz, 2H), 2.56 (s, 3H),
3.72 (t,J=7.5 Hz, 2H), 7.61 (d, J=8.0 Hz, 1H), 7.71 (s, 1H), 7.92 (d, J=8.0 Hz, 1H) ;

13C NMR (125MHz, CDCl3) 8 11.3 (p), 21.9 (p), 22.0 (p), 41.0 (s), 121.1 (1), 124.9, 125.0, 135.0 (1),
138.0 (q), 146.5 (q), 159.2 (g); MS (EI) M+ 239. Anal. Caled for C11H13NO3S: C, 55.21; H, 5.48;
N, 5.85. Found: C, 55.29; H, 5.56; N, 5.75.

N-Butyl-6-methylsaccharin (2¢-1V) : m.p 79.0-80.5 °C; IR (KBr) 1730, 160s, 1485, 1330, 1170
cm-1; TH NMR (400MHz, CDCI3) 8 0.98 (t, J=7.5 Hz, 3H), 1.44 (sixt., J=7.5 Hz, 2H), 1.83 (quint,,
J=7.7 Hz, 2H), 2.56 (s, 3H), 3.76 (t, J=7.5 Hz, 2H), 7.61 (d, J=8.5 Hz, 1H), 7.71 (s, 1H), 7.92 (d,
J=7.7 Hz, 1H); MS (EI) Mt 253. Anal. Calcd for C12H15N03S: C, 56.90; H, 5.97; N, 5.53. Found:
C, 56.52; H, 5.93; N, 5.44.

N-Ethyl-S-methylsaccharin (2d-II) : m.p 64.5-66.0 °C; IR (KBr) 1730, 1605, 1480, 1330, 1190
em-1; 1H NMR (400MHz, CDC13) & 1.44 (t,J=7.3 Hz, 3H), 2.55 (s, 3H), 3.84 (g, J=7.3 Hz, 2H), 7.64
(d, J=8.0 Hz, 1H), 7.79 (d, J=7.7 Hz, 1H), 7.84 (s, 1H); MS (EI) M+ 225. Anal. Calcd for
C10H11NO3S: C, 53.32; H, 4.92; N, 6.22. Found: C, 53.34; H, 4.85; N, 6.17.
N-Ethyl-4-methyl-6-tert-butylsaccharin (2e-II) : m.p 78.5-80.0 °C; IR (KBr) 1715, 1605, 1510,
1330, 1150 em-1; 1H NMR (400MHz, CDCI3) 6 1.38 (s, 9H), 1.43 (t, J=7.3 Hz, 3H), 2.76 (s, 3H),
3.81(q, J=7.3 Hz, 2H), 7.54 (s, LH), 7.75 (s, 1H); 13C NMR (125MHz, CDCI3) & 14.0 (p), 192 (p),
30.1 (p), 34.0 (s), 35.7 (q), 115.4 (1), 121.8 (q), 133.8 (1), 138.5 (q), 139.7 (q), 158.8 (q), 159.5 (q);
MS (EI) M* 281. Anal. Caled for C14H19NO3S: C, 59.76; H, 6.81; N, 4.98. Found: C, 59.89; H,
7.00; N, 4.86.

N-Ethyl-6-(N',N'-diethylaminocarbonyl)saccharin (2f-II) : oil, IR (neat) 1735, 1640, 1580,
1490, 1335, 1160 cm™1; 1H NMR (400MHz, CDCI3) 8 1.14 (bt, J=8.0 Hz, 3H), 1.28 (bt, J=8.0 Hz,
3H), 1.46 (t, J/=7.3 Hz, 3H), 3.23 (bq, J=8.0 Hz, 2H), 3.57 (bq, J=8.0 Hz, 2H), 3.87 (q, J=7.3 Hz,
2H), 7.79 (d, J=8.0 Hz, 1H), 7.90 (s, 1H), 8.09 (d, J=8.0 Hz, 1H) ; HRMS (FAB) Found: m/z
295.1097 Calcd for C14H19N203S: (M+H) 295.1116.

N-Ethyl-6-nitrosaccharin (2g-II) : IR (KBr) 1740, 1610, 1535, 1340, 1170 cm-l; 1H NMR
(400MHz, CDC13) 8 1.48 (t,J=7.3 Hz, 3H), 3.91 (q, /=7.3 Hz, 2H), 8.27 (d, J=7.8 Hz, 1H), 8.68 (4,
J=8.5 Hz, 1H), 8.76 (s, 1H); HRMS (FAB) Found: m/z 257.0230 Calcd for CoHgN205S: (M+H)
257.0232.

N-Ethyl-6-(methanesulfonyl)saccharin (2h-II) : m.p 171.0-172.5 °C; IR (KBr) 1740, 1590,
1460, 1335, 1150 cm-1; 1H NMR (400MHz, CDCI3) & 1.48 (t, J=7.3 Hz, 3H), 3.16 (s, 3H), 3.90 (g,
J=7.3 Hz, 2H), 8.27 (d, J=8.0 Hz, 1H), 8.39 (d, J=8.0 Hz, 1H), 8.50 (s, 1H); MS (EI) M* 289. Anal.
Caled for C10H11NOs5S2: C, 41.51; H, 3.83; N, 4.84. Found: C, 41.19; H, 3.64; N, 4.75.
N-Ethyl-4,5-dimethylsaccharin (2i-II) : m.p 94.5-96.0 °C; IR (KBr) 1725, 1450, 1320, 1180 cm~
1. 1H NMR (400MHz, CDCl13) & 1.43 (t,J=7.3 Hz, 3H), 2.43 (s, 3H), 2.74 (s, 3H), 3.81 (q, J=7.3 Hz,
2H), 7.58 (d, J=8.0 Hz, 1H), 7.64 (d, J=8.0 Hz, 1H); 13C NMR (100MHz, CDCI3) 8 13.9 (p), 14.6
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(p), 20.1 (p), 34.1 (s), 118.0 (1), 124.2 (q), 135.1 (1), 136.1 (q), 139.2 (q), 145.1 (q), 160.1 (g); MS (E)
Mt 239. Anal. Caled for C11H13NO3S: C, 55.21; H, 5.48; N, 5.85. Found: C, 55.22; H, 5.51} N,
5.88.

N-Ethyl-4,5,6-trimethylsaccharin (2§-1I) : m.p 112.5-114.0 °C, IR (KBr) 1720, 1595, 1460,
1320, 1185 cml; 1H NMR (400MHz, CDCl3) & 1.42 (t, J=7.3 Hz, 3H), 2.31 (s, 3H), 2.45 (s, 3H),
2.76 (s, 3H), 3.80 (q, J=7.3 Hz, 2H), 7.55 (s, 1H), 7.64 (d, J=8.0 Hz, 1H); 13C NMR (100MHz,
CDCI3) 8 14.0 (p), 15.0 (p), 15.7 (p), 21.7 (p), 34.0 (s), 119.2 (1), 122.1 (q), 135.5 (q), 138.7 (q),
143.6 (q), 143.8 (q), 160.3 (q); MS (E) Mt 253. Anal. Caled for C12H1sNO3S: C, 56.90; H, 5.97;
N, 5.53. Found: C, 57.15; H, 6.07; N, 5.39.

N-Ethyl-5-bromo-6-methylsaccharin (2k-1I) : m.p 123.0-124.5 °C; IR (XBr) 1720, 1595, 1465,
1340, 1190 cm~1; 1H NMR (400MHz, CDCI3) 8 1.44 (t, J=7.3 Hz, 3H), 2.60 (s, 3H), 3.83 (g, J=7.3
Hz, 2H), 7.76 (s, 1H), 8.20 (s, 1H); MS (EI) M* 303. Anal. Calcd for C10H1079BINO3S: C, 39.49;
H, 331; N, 4.61. Found: C, 39.61; H, 3.25; N, 4.41.
N-Ethyl-6-bromo-1,2-benzisothiazoline-3-one-1-oxide (5b-II) : IR (KBr) 1695, 1585, 1110
em1; 1H NMR (400MHz, CDCI3) & 1.42 (t., J=7.3 Hz, 3H), 3.49-3.89 (m, 1H), 3.96-4.05 (m, 1H),
7.82-7.84 (m, 2H), 8.04 (d, J=1.0 Hz, 1H); HRMS (FAB) Found: m/z 275.9518 and 273.9558 Calcd
for CgHgB1BINO2S and CoHg79BrNO2S (M+H) 275.9517 and 273.9537.
N-Ethyl-6-methyl-1,2-benzisothiazoline-3-one-1-oxide (Sc-II} : m.p 80.5-82.0 °C; IR (KBr)
1700, 1605, 1505, 1095 cm-1; LH NMR (400MHz, CDCI3) & 1.41 (t, J=7.3 Hz, 3H), 2.54 (s, 3H),
3.78-3.87 (m, 1H), 3.96-4.05 (m, 1H), 7.54 (d, J=7.7 Hz, 1H), 7.69 (s, 1H), 7.87 (d, J=7.7 Hz, 1H);
13C NMR (100MHz, CDCI3) & 14.6 (p), 21.7 (p), 36.1 (p), 125.2 (1), 125.6 (1), 126.6 (1), 145.4 (q),
145.6 (q), 165.0 (g); MS (ED) M+ 209. Anal. Caled for C1oH11NO2S: C, 57.39; H, 5.30; N, 6.69.
Found: C, 57.12; H, 5.31; N, 6.64,

N-Propyl-6-methyl-1,2-benzisothiazoline-3-one-1-oxide (Sc-IIT) : IR (KBr) 1695, 1605,
1465, 1095 cm™1; 1H NMR (400MHz, CDCI3) 8 1.00 (t, J=7.5 Hz, 3H), 1.83 (dt, J=7.5 Hz, 2H), 2.54
(s, 3H), 3.69-3.76 (m, 1H), 3.85-3.93 (m, 1H), 7.54 (d, J=7.7 Hz, 1H), 7.69 (s, 1H), 7.87 (d, J=8.0
Hz, 1H); 13C NMR (125MHz, CDCl3) 8 11.3 (p), 21.9 (p), 22.6 (s), 42.8 (s), 125.3 (1), 125.8 (g),
125.8 (1), 133.9 (1), 145.5 (q), 145.9 (g), 165.4 (q); HRMS (FAB) Found: m/z 224.0742 Calcd for
C11H14NO2S: (M+H) 224.0745.

N-Butyl-6-methyl-1,2-benzisothiazoline-3-one-1-oxide (Sc-1V) 1 IR (KBr) 1690, 1505, 1465,
1095 em1; 1H NMR (400MHz, CDCI3) 8 0.97 (t, J=7.5 Hz, 3H), 1.42 (q, J=7.5 Hz, 2H), 1.74-1.83
(m, 2H), 2.54 (s, 3H), 3.71-3.79 (m, 1H), 3.89-3.97 (m, 1H), 7.54 (d, J=7.7 Hz, 1H), 7.69 (s, 1H),
7.87 {d, J=7.7 Hz, 1H); HRMS (FAB) Found: m/z 238.0892 Calced for C12H1gNO2S: (M+H)
238.0902.

N-Ethyl-5-methyl-1,2-benzisothiazoline-3-one-1-oxide (5d-II) : Oi; IR (neat) 1710, 1605,
1450, 1140 cml; TH NMR (400MHz, CDCl3) & 1.41 (t, J=7.3 Hz, 3H), 2.53 (s, 3H), 3.78-3.87 (m,
1H), 3.96-4.05 (m, 1H), 7.39(d, J=7.7 Hz, 1H), 7.77 {4, J=7.7 Hz, 1H), 7.79 (s, 1H); HRMS (FAB)
Found: m/z 210.0590 Calcd for C10H1,NO2S: (M+H) 210.0589.
2,4-Dimethyl-6-tert-butyl-1,2-benzisothiazoline-3-one-1-oxide (Se-I} :m.p 123.5-125.0 °C;
IR (KBr) 1700, 1605, 1480, 1105 cm1; 1H NMR (400MHz, CDCI3) § 1.38 (s, 9H), 2.74 (s, 3H), 3.35
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(s, 3H), 7.49 (s, 1H), 7.72 (s, 1H); MS (EI) Mt 251, Anal. Caled for C13H17NO28S: C, 62.12; H, 6.82;

N, 5.87. Found: C, 61,97, £.90: N, 5.51. Crvstal dats for 8o-T 208K, Cu.Kex radiation

RUNG. L, BLF A., Dl 3Ry Laddae Syl GUld AU OUTE (47U, S-S ralaiaii, l\lE,(ll\\i

AFCTS diffractometer): C13H17NO2S, FW=251.34, a=36.22(2) A, b=11.578(8) A, c=12.534(6) A,
orthorhomic, Fdd2, Z= 16, V= 5255(11) 3&3 Dc=1271g em3. R factor = 0.063 for 938 independent

observed reflections (I > 3.000(I)) Rw factor = 0.078. Bond lengths: S-N, 1.707 A;S-C, 1.755 A, S-0,
1.482 A,

N-Ethyl-4-methyl-6-terf-butyl-1,2-benzisothiazoline-3.one-1-oxide (5¢-II : m.p 78.5-80.0
°G; IR (KBr) 1710, 1605, 1510, 1095 em™1; 1H NMR (400MHz, CDCI3) & 1.37 (s, 9H), 1.39 (1, J=7.3
Hz, 3H), 2.74 (s, 3H), 3.76-3.85 (m, 1H), 3.93-4.02 (m, 1H), 7.49 (s, 1H), 7.72 (s, 1H); 13C NMR
(100MHz, CDCI3) & 14.5 (p), 17.7 (p), 30.8 (p), 35.3 (q), 35.9 (s), 122.0 (q), 132.5 (1), 139.6 (q),

146.2 (q), 157.6 (q), 165.6 (q); MS (EI) M+ 265, Anal. Caled for C14H19NO2S: C, 63.36; H, 7.22; N,
5.28. Found: C, 63.19; H, 7.24; N, 5.23.

SR T :sa \'v\

N-Ethyi-6-(N',N'-diethylaminocarbonyl)-1,2-benzisothiazoline-3-one-1-oxide (51-1I} :
oil, IR (neat) 1710, 1620, 1490, 1100 em~L; 1H NMR NMR (400MHz, CDCl3) & 1.13 (bt, J=8.0 Hz, 3H),
1.26 fhi’ J=80 Hz, 3H) 1.43 (f J=7.3 Hz, 3H), 324 (hn =20 Hz, 2HY, 3 848 (ha, J=8.0 Hz, 2H)

Raienhal S MR AR&y wRRLY A W ARLY WTARJy Tele T A\ MMy W TTRIANS ALy SARRJY SO AWMy VT Ry kA )y
3.82-3.91 (m, 1H), 3.97-4.07 (m, 1H), 7.73 (d, J=7.7 Hz, 1H), 7.89 (s, 1H), 8.03 (d, J=7.7 Hz, 1H);
HRMS (FAB) Found: m/z 311.1060 Caled for C14H9N204S: (M+H) 311.1066.
N-Ethyl-6-{methanesulfonyl}-1,2-benzisothiazoline-3-one-1-oxide (8h-II) : IR (KBr) 1715,
1590, 1470, 1340, 1175, 1100 cm™1; 1H NMR (400MHz, CDCI3) 8 1.45 (t, J=7.3 Hz, 3H), 3.25 (s,
3H), 3.87-3.93 (m, 1H), 4.03-4.10 (m, 1H), 8.20 (d, J=8.0 Hz, 1H), 8.33 (d, J=7.7 Hz, 1H), 8.50 (s,
1H); HRMS (FAB) Found: m/z 274.0203 Caled for C1o0H1pNO4S2: (M+H) 274.0208.
N-Ethyl-4,5-dimethyl-1,2-benzisothiazoline-3-one-1-oxide (5i-II) : m.p 102.5-104.0 °C; IR
(KBr) 1710, 1595, 1455, 1090 cm™1; 1H NMR (400MHz, CDCI3) & 1.40 (t, J=7.3 Hz, 3H), 242 (s,
5H}, 272 {s SH}, 3.76-3.85 {m, IH}, 3.93-4.02 {m, Eﬁﬁ, 7.53 (ci J=7.7 Hz, XH}, 7.61 (4, J=7.7 Hz,
1H); 13C NMR (100MHz, CDCI3) 8 13.2 (p), 14.7 (p), 122.3 (1), 124.5 (q), 134.5 (1), 139.3 (g), 143.7

TEE D (Y WA LV AAF 992 Awal plnd £
U-Ua 143.7 u.u, 143.8 \q), LOU.£ (G); Mo (B8] V1T 223, ABAL LAICO 1

5.87;N, 6.27. Found: C, 59.11; H, 5.94; N, 6.16.

N-Ethyl.4 8§ 6-trimethvl-1 2.benzisothiazoline-3-one.Y.oxide (8i-11) :mp 93.0-940°C IR
(KBr) 1690, 1590, 1460, 1105 cm™1; 1H NMR (400MHz, CDCI3) 8 1.39 (t, J=7.3 Hz, 3H), 2.30 (s,
3H), 2.44 (s, 3H), 2.74 (s, 3H) 3.75-3.84 (m, 1H), 3.92-4.01 (m, 1H), 7.51 (s, 1H); 13C NMR
(100MHz, CDC13) & 13.6 (p), 14.8 (p), 15.5 (p), 21.6 (p), 36.2 (s), 122.4(q), 123.8 (1), 139.0 (q),
142.2 (q), 143.1 (g), 143.5 (q), 166.6 (q); MS (BI) M* 237. Anal. Caled for C12H15NO2S: C, 60.73;
H, 6.37; N, 5.90. Found: C, 60.52; H, 6.31; N, 6.05.
N-Ethyl-S-bromo-6-methyl-1,2-benzisothiazoline-3-one-1-oxide (Sk-II) : IR (KBr) 1720,
1600, 1485, 1160 cm™1; 1H NMR (400MHz, CDCI3) 8 1.40 (t, J=7.3 Hz, 3H), 2.58 (s, 3H), 3.78-3.87
(m, 1H), 3.94-4.03 (m, 1H), 7.75 (s, 1H), 8.14 (s, 1H) HRMS (FAB) Found: m/z 289.9672 and

[ TN ey e P e

287.9669 Calcd for LIOHHWBINUZb and C10H1 TOBINO,S: (M+H) 289.9673 and 287.5694.
N-Ethyl-2,5-dimethytbenzenesulfinamide (6) : IR (KBr) 1630, 1490, 1075 cm-l 1H NMR

PEaTar - A N B N TIY O QO ) 00 S h A ’) ”t’)’)'}

{400MHz, CDCi3) § 1.14 (1, /=7.3 Hgz, 3H}, 2.37 (s, 3H), 2.38 {5, 3H}, 2.89-2.99 (m, 1H}, 3.12-3.23
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(m, 1H), 3.89 (bs, 1H), 7.08 (d, J=7.5 Hz, 1H), 7.17 (4, J=7.5 Hz, 1H), 7.77 (s, 1H); HRMS (FAB)
Found: m/z 198.0947 Caled for C10H1gNOS: (M+H) 198.0953.
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