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Several β-ketoesters were dilithiated with an excess of lithium diisopropylamide, followed by condensa-
tion with methyl 2-(aminosulfonyl)benzoate to give intermediates that were not isolated but cyclized to 3-
substituted 1,2-benzisothiazole-1,1-dioxides.  In most instances involving the ester-sulfonamide, a single β-
ketoester tautomer is usually formed after recrystallization from ethanol. The same dilithiated β-ketoesters
generally condense less well with 1,2-benzisothiazol-3(2H)-one-1,1-dioxide (saccharin) under the same con-
ditions to afford the same products usually in the same or lower yields.  The use of N,N,N',N'-tetram-
ethylethylenediamine during these syntheses has sometimes resulted in improved yields of products.

J. Heterocyclic Chem., 43, 307 (2006).

Methyl 2-(aminosulfonyl)benzoate 1 is an important
compound used for the synthesis of agriculturally signifi-
cant products [1], where most of the preparative activity
has involved the sulfonamide group.  Many of the reac-
tions involving the carbomethoxy ester group have dealt
with its ability to form saccharin-related compounds.
Saccharin 2 is a commercial sweetener [2] that also has
synthetic uses [3]. 

Benzisothiazole-dioxides (BIDs) (1,2-benzisothiazole-
1,1-dioxides) have been the focus of recent studies involv-

ing their preparation and use [4], especially as synthetic
intermediates [5], or their potential for use in medicine [6],
agriculture [7], and for spectral studies [8].  Three-substi-
tuted BIDs have received less investigation, possibly as a
result of limited ways currently available to prepare them
[5].  Two synthetic methods for 3-substituted BIDs ger-
mane to this report are the condensation of pseudosaccha-
rin chloride 3 Cl-BID (3-chloro-1,2-benzisothiazole-1,1-
dioxide), or saccharin 2 salts with Grignard or organo-
lithium reagents [5c].
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The preparation and reactions of select polylithiated β-
ketoesters polyanion-type intermediates have been well
studied [9], including their condensation with aromatic
esters.  Also, the use of N,N,N',N'-tetramethylethylenedi-
amine (TMEDA) during some of these syntheses has
resulted in increased yields of products when routine
esters, including ethyl benzoate, were used [10]. 

Other polylithiated β-ketoamides have also been
investigated with regard to their condensation with
anionic-electrophilic reagents, such as lithiated methyl
salicylates or methyl thiosalicylate.  The condensations
were followed by acid catalyzed cyclization of C-acy-
lated intermediates to 2-chromoneacetamides or 2-thio-
chromoneacetamides [11].  

In an initial study, a single β-ketoester, isopropyl ace-
toacetate, was dilithiated and condensed with ester-sulfon-
amide 1; condensations of these intermediates with sac-
charin 2 were inconsistent.  Also, the effect of TMEDA
had not been determined [12].

During this investigation several readily available β-
ketoesters, such as methyl acetoacetate, were dilithiated
with an excess of lithium diisopropylamide (LDA), fol-
lowed by condensation with 1 [11] to give intermediates
that were not isolated but cyclized directly to the 3-substi-
tuted BID products, 3-11, with β-ketoester pendant groups.
Each of the compounds is a solid, and they were isolated in

19-95 % yield from 1 and 22-86% yield  (oils from 5, 9,
and 11 did not afford crystalline products) from 2 after
recrystallization from ethanol (benzene/ethanol for 10).  In
most instances, using TMEDA improved the yield of prod-
uct (e.g. for 9, 46% without TMEDA and 95% with
TMEDA).  When saccharin 2 was used in place of ester-
sulfonamide 1, inconsistent results were obtained:  BID 3
in higher yield; BIDs  4 and 8 in comparable yields; BIDs
6, 7, and 10 in lower yields; and while BIDs 5, 9, and 11,
readily prepared with 1 only gave oils in attempted prepa-
rations from 2.

The new products 3 – 11 were characterized by
absorption spectra, X-ray crystal analysis (for 7 and 10),
with support from combustion analysis [13].  The spec-
tra of products prepared usually indicated a single tau-
tomer, which is in contrast to the spectra that can be
obtained for the β-ketoester starting materials, usually a
mixture of at least two tautomers.  Infrared spectra for
each compound displayed NH from 3171-3237 cm-1

along with carboxy and carbonyl absorptions from 1721-
1766 and 1638-1676 cm-1 [5a].  The 1H and 13C NMR
spectra were also consistent.  Characteristic 1H NMR
absorptions for β-ketoester pendant groups were noted in
the experimental (e.g., ethoxy) with 1H NMR and DEPT
indicating methylene singlets (-CH2-) from δ 3.48-3.62
ppm and methine singlets  (CH=) from δ 6.14-6.53 ppm
[5a].  The 13C NMR absorptions for select carbons were
readily identified:  C-3 for the heterocyclic ring, δ 142.0-
147.1 ppm; ethylene carbon (=CH), δ 92.8-94.3 ppm; β-
keto-carbonyl, δ 190.0-194.7 ppm; methylene, δ 47.2-
60.5 ppm; and ester carboxy, δ 166.8-173.2 ppm.  X-ray
analysis [14] of crystals of 7, obtained from ethanol/ben-
zene, and 10, obtained from ethanol/hexanes, are the
same tautomer described in the NMR spectral data for
these products dissolved in deuteriochloroform.
Purification of 10, especially when prepared from 2,
offered the greatest challenge [13]. When either 1 or 2
were used, samples of 10 for satisfactory combustion
analysis were prepared by recrystallization from ben-
zene/ethanol instead of ethanol, and the expected tau-
tomer, mp 276-280°, from 1 resulted. Another tautomer,
mp 187-190°; resulted from 2. When this latter tautomer
was recrystallized without fragmentation [13], the melt-
ing point increased to 250-253°; its spectra were essen-
tially identical to the tautomer prepared from 1 with the
higher melting point. Also, a different solvent combina-
tion, ethanol/hexanes, was necessary to obtain satisfac-
tory single crystals for X-ray analysis. The molecular
structures of 7 and 10 from these analyses are shown in
ORTEP diagrams, Figures 1 and 2, atomic positional
parameters are listed in Table 2, and selected bond dis-
tances and angles are listed in Table 3.
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EXPERIMENTAL

Melting points were obtained with a Mel-Temp II melting
point apparatus in open capillary tubes and are uncorrected [13].

Fourier Transform infrared spectra were obtained with a Mattson
Genesis II FT-IR with Specac Golden Gate Accessory. Proton
and 13C NMR spectra were obtained with a Varian Associates
Mercury Oxford 300 MHz nuclear magnetic resonance spectro-
meter, which is approximately 75 MHz for 13C NMR spectra.
All NMR spectra were taken in deuteriochloroform solvent

Figure 1.  ORTEP diagram (50% ellipsoids for non-Hydrogen atoms) for
C15H17NO5S, BID/β-Ketoester 7.

Figure 2.  ORTEP diagram (50% ellipsoids for non-Hydrogen atoms) for
C15H17NO5S, BID/β-Ketoester 10.

Table  1

Crystallographic Data for C15H17NO5S

BID/β-Ketoester 7 BID/β-Ketoester 10

Crystal Dimensions (mm) 0.48 x 0.24 x 0.10 0.70 x 0.16 x 0.16
Space Group P-1 P1
a (Å) 7.917(2) 7.532(2)
b (Å) 8.587(2) 9.654(2)
c (Å) 12.286(3) 10.697(2)
α 107.41(3)° 81.17(3)°
β 102.86(3)° 82.39(3)°
γ 100.11(3)° 84.21(3)°
V (Å3) 750.2(3) 759.3(3)
fw 323.36 323.26
Z 2 2
dcalc (g/cm3) 1.431 1.414
µ (mm-1) 2.39 0.226
R1 [a] 0.0481 0.0395
wR2 [b] 0.1217 0.1038
Goodness of Fit 1.082 1.081

[a] R1 = Σ(|Fo|-|Fc|)/Σ|Fo|; [b] wR2 = {Σ[w(Fo
2 - Fc

2)2]/Σ[w(Fo
2)2]}1/

2.

Table  2

Atomic Positional Parameters, BID/β-Ketoester 7

atom x y z U(eq)*

S(1) 0.1565(1) 0.1993(1) 0.9210(1) 0.029(1)
O(1) 0.4204(2) 0.3994(2) 0.7048(2) 0.035(1)
O(2) 0.9752(2) 0.3135(2) 0.7017(2) 0.038(1)
O(3) 0.6906(2) 0.1558(2) 0.6189(2) 0.036(1)
O(4) 0.527(2) 0.3076(2) 0.9696(2) 0.037(1)
O(5) 0.579(2) 0.336(2) 0.8383(2) 0.040(1)
N(1) 0.2949(2) 0.2923(3) 0.8632(2) 0.029(1)
C(1) 0.4742(3) 0.3031(3) 0.9098(2) 0.026(1)
C(2) 0.6055(3) 0.3530(3) 0.8643(2) 0.029(1)
C(3) 0.5706(3) 0.3977(3) 0.7586(2) 0.029(1)
C(4) 0.7350(3) 0.4486(3) 0.7181(2) 0.033(1) 
C(5) 0.8175(3) 0.3015(3) 0.6819(2) 0.029(1)
C(6) 0.6888(4) 0.5113(4) 0.6139(2) 0.038(1)
C(7) 0.8535(4) 0.6036(5) 0.5922(3) 0.053(1) 
C(8) 0.7517(3) 0.0084(3) 0.5644(2) 0.034(1)
C(9) 0.7809(4) 0.0083(4) 0.4478(2) 0.042(1)
C(10) 0.4973(3) 0.2500(3) 1.0147(2) 0.028(1)
C(11) 0.6547(3) 0.2519(4) 1.0937(2) 0.036(1)
C(12) 0.6421(4) 0.1941(4) 1.1861(3) 0.043(1)
C(13) 0.4781(4) 0.1349(4) 1.2008(3) 0.043(1)
C(14) 0.3197(4) 0.1319(3) 1.1233(2) 0.038(1) 
C(15) 0.3348(3) 0.1916(3) 1.0320(2) 0.030(1) 

*U(eq) defined as one third of the trace of the orthogonalized Uij tensor.

Atomic Positional Parameters, BID/β-Ketoester 10

Atom x y z U(eq)*

S(1) 0.1455(1) 0.2977(1) 0.4393(1) 0.027(1)
O(1) 0.4587(2) -0.1047(1) 0.4326(2) 0.039(1)
O(2) 0.3780(2) -0.2456(2) 0.1080(2) 0.058(1)
O(3) 0.6499(2) -0.2958(2) 0.1787(1) 0.037(1)
O(4) 0.0951(2) 0.3169 (2) 0.5694(1) 0.040(1)
O(5) 0.2603(2) 0.3956(1) 0.3641(2) 0.041(1)
N(1) 0.2314(2) 0.1345(2) 0.4291(2) 0.030(1)
C(1) 0.1366(2) 0.0563(2) 0.3680(2) 0.023(1)
C(2) 0.1884(2) -0.0760(2) 0. 3423(2) 0.025(1)
C(3) 0.3543(2) -0.1526(2) 0.3752(2) 0.025(1)
C(4) 0.3995(3) -0.2965(2) 0.3325(2) 0.032(1) 
C(5) 0.4716(3) -0.2773(2) 0.1929(2) 0.034(1)
C(6) 0.7558(3) -0.2731(2) 0.0507(2) 0.042(1)
C(7) 0.9465(3) -0.3000(4) 0.0823(3) 0.067(1) 
C(8) 0.7111(4) -0.3771(3) -0.0295(2) 0.062(1)
C(9) 0.7197(4) -0.1227(3) 0.0091(2) 0.058(1)
C(10) -0.0287(2) 0.1397(2) 0.3327(2) 0.024(1)
C(11) -0.1664(3) 0.0992(2) 0.2752(2) 0.032(1)
C(12) -0.3084(3) 0.1967(2) 0.2476(2) 0.037(1)
C(13) -0.3154(3) 0.3332(2) 0.2774(2) 0.035(1)
C(14) -0.1808(2) 0.3748(2) 0.3362(2) 0.030(1) 
C(15) -0.0404(2) 0.2755(2) 0.3628(2) 0.024(1)

*U(eq) defined as one third of the trace of the orthogonalized Uij tensor.
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except 11. Chemical shifts are recorded in δ ppm downfield from
an internal tetramethylsilane (TMS) standard.  Combustion
analyses were performed by Quantitative Technologies, Inc., P.O.
Box 470, Salem Industrial Park, Whitehouse, NJ  08888.  The
tetrahydrofuran (THF) was distilled from sodium (benzophenone
ketyl as an indicator of dryness) prior to use, and organic chemi-
cals were obtained from Aldrich or Lancaster Chemical Co.

For the X-ray analyses, structure solution, refinement, and the
calculation of derived results for 7 and 10 were performed using
the SHELX-97 [15] package of computer programs.  Neutral
atom scattering factors were those of Cromer and Waber [16],
and the real and imaginary anomalous dispersion corrections
were those of Cromer [17].

General Experimental Procedure for Preparing 3-Substituted 1,
2-Benzisothiazole-1,1-dioxides, 3-11.

In a typical reaction sequence, LDA (0.079 mol) was prepared
by the addition of 50 ml of 1.6 M n-butyllithium in hexanes
(0.080 mol) to a three-neck round-bottomed flask (e.g., 500 ml),
equipped with a nitrogen inlet tube, a side-arm addition funnel
(e.g., 125 ml), and a magnetic stir bar.  The flask was cooled in an
ice water bath and 8.14 g (0.080 mol) of diisopropylamine
(99.5%) dissolved in 25-30 ml of THF was added from the addi-
tion funnel at a fast dropwise rate during a 5 min period (0°,
nitrogen).  The solution was stirred for an additional 15-20 min,
and then rapidly treated with 0.015 mol of β-ketoester dissolved
in 50 ml of dry THF, addition time 5 min.  After 45-60 min, 7.36
g (0.063 mol) of TMEDA (99.5%) dissolved in 25 ml of THF
was added, and the solution was stirred an additional 10-15 min.
This was followed by addition of 3.51 g (0.016 mol) of 1 (98%)
or 2.99 g (0.016 mol) of 2 (98%), dissolved in 35 - 50 ml of THF,
during 5 min, to the dilithiated intermediate, and the solution was
stirred for 3.5 hr. (0°, nitrogen).  

Finally, 150 ml of 3M hydrochloric acid was added quickly, the
two-phase mixture was well stirred, and the mixture was poured
into a large flask followed by the addition of 100 ml of solvent
grade ether. The mixture was separated and the aqueous layer
extracted with ether (2 X 75 ml).  The organic layers were com-
bined and extracted with 50 -75 ml of water.  If a solid appeared
at this point, the biphasic mixture could be filtered using a large
Buchner funnel.  The organic fractions were combined, evapo-
rated, and recrystallized.

Methyl (1,1-Dioxido-1, 2-benzisothiazol-3(2H)-ylidine)-3-oxo-
butanoate (3) [from 1, Methyl 2-(Aminosulfonyl)benzoate/from
2, Saccharin].

This compound was prepared by the general procedure from
the condensation-cyclization of 0.015 mol of methyl acetoacetate
and 0.016 mol of 1 or 2 to yield 2.40 g (57 % from 1) and 3.62 g
(86 % from 2), mp from 1 and 2, 191-193° (ethanol)  (2 initial
recrystallized mp 147-150° before additional recrystallizations
[13]); IR (cm-1): 3201, 1733, and 1662; 1H NMR: 3.63  (s, 2H),
3.75  (s, 3H),  6.28 (s, 1H), 7.61 (s), and  7.79-7.93 (m, 4H);  13C
NMR:  47.8,  51.1,  93.7, 120.7, 122.2, 127.0, 132.4, 132.5,
132.9, 133.3, 146.4, 167.3, and 190.4. 

Anal. Calcd for C12H11NO5S:  C, 51.24; H, 3.94; N, 4.98.
Found:  C, 51.20; H, 3.73; N, 5.01.

Ethyl (1,1-Dioxido-1, 2-benzisothiazol-3(2H)-ylidine)-3-oxo-
butanoate (4) [from 1, Methyl 2-(Aminosulfonyl)benzoate/from
2, Saccharin].
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Table  3

Selected Bond Distances (Å) and Angles (°)

BID/β-Ketoester 7 BID/β-Ketoester 10

S(1)-O(4) 1.432(2) S(1)-O(4) 1.428(2)
S(1)-O(5) 1.435(2) S(1)-O(5) 1.427(2)
S(1)-N(1) 1.649(2) S(1)-N(1) 1.655(2)
S(1)-C(15) 1.757(3) S(1)-C(15) 1.759(2)
C(1)-N(1) 1.383(3) C(1)-N(1) 1.376(2)
C(1)-C(10) 1.476(3) C(1)-C(10) 1.473(2)
C(1)-C(2) 1.350(3) C(1)-C(2) 1.356(2)
C(2)-C(3) 1.445(4) C(2)-C(3) 1.443(3)
C(3)-O(1) 1.230(3) C(3)-O(1) 1.224(2)
C(3)-C(4) 1.533(3) C(3)-C(4) 1.521(2)
C(4)-C(5) 1.518(3) C(4)-C(5) 1.510(3)
C(5)-O(2) 1.197(3) C(5)-O(2) 1.207(3)
C(5)-O(3) 1.345(3) C(5)-O(3) 1.328(2)
O(3)-C(8) 1.461(3) O(3)-C(6) 1.488(2)
C(8)-C(9) 1.500(4) C(6)-C(7) 1.507(3)
C(4)-C(6) 1.529(4) C(6)-C(8) 1.506(4)
C(6)-C(7) 1.522(4) C(6)-C(9) 1.507(3)
C(10)-C(11) 1.393(3) C(10)-C(11) 1.390(3) 
C(11)-C(12) 1.384(4) C(11)-C(12) 1.383(3) 
C(12)-C(13) 1.380(4) C(12)-C(13) 1.397(3) 
C(13)-C(14) 1.387(4) C(13)-C(14) 1.384(3) 
C(14)-C(15) 1.385(4) C(14)-C(15) 1.382(3)
C(15)-C(10) 1.383(3) C(15)-C(10) 1.389(2)

O(4)-S(1)-O(5) 116.3(1) O(4)-S(1)-O(5) 116.6(1)
O(4)-S(1)-N(1) 111.5(1) O(4)-S(1)-N(1) 110.6(1)
O(5)-S(1)-N(1) 110.3(1) O(5)-S(1)-N(1) 110.4(1)
O(4)-S(1)-C(15) 112.2(1) O(4)-S(1)-C(15) 112.2(1)
O(5)-S(1)-C(15) 111.7(1) O(5)-S(1)-C(15) 112.1(1)
N(1)-S(1)-C(15) 92.1(1) N(1)-S(1)-C(15) 92.4(1)
C(5)-O(3)-C(8) 116.9(2) C(5)-O(3)-C(6) 121.4(2)
C(2)-C(1)-N(1) 124.6(2) C(2)-C(1)-N(1) 125.4(2)
C(2)-C(1)-C(10) 126.0(2) C(2)-C(1)-C(10) 125.3(2)
N(1)-C(1)-C(10) 109.4(2) N(1)-C(1)-C(10) 109.3(1)
C(1)-N(1)-S(1) 115.3(2) C(1)-N(1)-S(1) 115.7(1)
O(2)-C(5)-O(3) 123.8(2) O(2)-C(5)-O(3) 125.9(2)
O(2)-C(5)-C(4) 124.7(2) O(2)-C(5)-C(4) 123.7(2)
O(3)-C(5)-C(4) 111.4(2) O(3)-C(5)-C(4) 110.4(2)
C(1)-C(2)-C(3) 122.6(2) C(1)-C(2)-C(3) 123.5(2)
O(1)-C(3)-C(2) 123.1(2) O(1)-C(3)-C(2) 122.6(2)
O(1)-C(3)-C(4) 121.2(2) O(1)-C(3)-C(4) 120.0(2)
C(2)-C(3)-C(4) 115.7(2) C(2)-C(3)-C(4) 117.3(2)
C(15)-C(10)-C(11) 118.8(2) C(15)-C(10)-C(11) 118.9(2)
C(15)-C(10)-C(1) 111.9(2) C(15)-C(10)-C(1) 112.7(2)
C(11)-C(10)-C(1) 129.2(2) C(11)-C(10)-C(1) 128.5(2)
C(5)-C(4)-C(6) 109.0(2) C(5)-C(4)-C(3) 108.9(2)
C(5)-C(4)-C(3) 110.8(2) O(3)-C(6)-C(7) 102.3(2)
C(6)-C(4)-C(3) 112.0(2) O(3)-C(6)-C(8) 109.6(2)
C(10)-C(15)-C(14) 123.3(2) O(3)-C(6)-C(9) 109.3(2)
C(10)-C(15)-S(1) 110.5(2) C(7)-C(6)-C(9) 110.6(2)
C(14)-C(15)-S(1) 126.2(2) C(8)-C(6)-C(7) 111.9(2)
C(12)-C(11)-C(10) 118.6(2) C(8)-C(6)-C(9) 112.6(2)
O(3)-C(8)-C(9) 110.6(2) C(10)-C(15)-C(14) 123.5(2)
C(15)-C(14)-C(13) 116.9(3) C(10)-C(15)-S(1) 109.8(1)
C(12)-C(13)-C(14) 120.9(3) C(14)-C(15)-S(1) 126.7(1)
C(7)-C(6)-C(4) 113.1(2) C(12)-C(11)-C(10) 118.7(2)
C(13)-C(12)-C(11) 121.5(2) C(15)-C(14)-C(13) 116.8(2)
C(12)-C(13)-C(14) 121.0(2)
C(13)-C(12)-C(11) 121.1(2)
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This compound was prepared by the general procedure from
the condensation-cyclization of 0.015 mol of ethyl acetoacetate
and 0.016 mol of 1 or 2 to yield 2.66 g  (60 % from 1), mp 150-
153° (ethanol) and 2.92 g (66% from 2); mp 151-153° (ethanol)
from 2; IR (cm-1): 3174, 1729, and 1649; 1H NMR:  1.30 (t,
3H), 3.60 (s, 2H),  4.22 (q, 2H),  6.22  (s, 1H), 7.29 and 7.73-7.90
(m, 4H, ArH); 13C NMR: 14.3, 48.8, 61.8, 94.3, 121.9, 123.1,
128.9, 133.6, 133.9, 134.5, 146.7, 167.5,  and 190.9. 

Anal. Calcd for C13H13NO5S: C, 52.87; H, 4.44; N, 4.74.
Found:  C, 52.73; H, 4.24; N, 4.70.

Phenylmethyl (1,1-Dioxido-1, 2-benzisothiazol-3(2H)-ylidine)-
3-oxo-butanoate (5).

This compound was prepared by the general procedure from
the condensation-cyclization of 0.015 mol of benzyl acetoacetate
and 0.016 mol of 1 to yield 1.86 g, 19%, mp 128-130° (ethanol);
condensation with 2 gave an oil;  IR (cm-1): 3203, 3168, 1734,
and 1664; 1H NMR:  3.62 (s, 2H), 5.21 (s, 2H), 6.14 (s, 2H), 7.26
(s), 7.34-7.39 (m, 5H), and 7.68-7.91 (m, 5H); 13C NMR:  48.9,
67.5, 94.2, 122.0, 123.1, 128.4, 128.7, 128.8, 133.7, 133.9, 134.5,
135.4, 146.8, 167.3, and 191.2.             

Anal. Calcd for C18H15NO5S:  C, 60.50; H, 4.23; N, 3.92.
Found:  C, 60.25; H, 4.15; N, 3.92.

Ethyl (1,1-Dioxido-1, 2-benzisothiazol-3(2H)-ylidine)-2-methyl-
3-oxo-butanoate (6).

This compound was prepared by the general procedure from
the condensation-cyclization of 0.015 mol of ethyl 2-methylace-
toacetate and 0.016 mol of 1 or 2 to yield 2.90 g (65% from 1),
mp 128-130° (ethanol), and 1.74 g  (39 % from 2), mp 147-152°
(ethanol); IR (cm-1): 3177-3192, 1729, and 1652;  1H NMR:
1.27 (t, 3H), 1.40 (d, 3H), 3.72 (q, 1H), 4.18 (q, 3H), 6.33 (s,
1H), 7.55, 7.80-8.09 (m, 4H); 13C NMR: 12.5, 13.2,  51.4, 60.2,
92.8, 120.5, 122.2, 127.3, 132.5,  132.9, 133.6, 143.3, 169.5, and
194.0.

Anal. Calcd for C14H15NO5S.1/8 H2O:  C, 53.95; H, 4.93; N,
4.50.  Found:  C, 53.70; H, 4.40; N, 4.75.

Ethyl (1,1-Dioxido-1, 2-benzisothiazol-3(2H)-ylidine)-2-ethyl-3-
oxo-butanoate (7).

This compound was prepared by the general procedure from
the condensation-cyclization of 0.015 mol of ethyl 2-ethylace-
toacetate and 0.016 mol of 1 or 2 to yield 2.86 g (59% from 1),
mp 131-133° (ethanol), and 1.91g (41 % from 2), mp 128-130 °
(ethanol):  IR (cm-1): 3192, 1731, and 1655;  1H NMR:  0.98 (t, 3H),
1.28 (t, 3H), 1.97-2.00 (m, 3H), 3.48 (t, 1H), 4.21 (q, 2H), 6.24 (s,
1H), 7.30(s), 7.75-7.89 (m, 4H); 13C NMR: 12.0, 14.2, 22.7,  60.3,
61.6, 93.4, 121.8, 122.9, 129.0, 133.6, 133.5, 134.2, 146.8, 170.1,
and 194.7.

Anal. Calcd for C15H17NO5S:  C, 55.72; H, 5.30; N, 4.33.
Found:  C, 55.95; H, 5.07; N, 4.28.

Single crystal X-ray measurements for crystals of  7,
C15H17NO5S, recrystallized from warm benzene/ethanol [13]
were collected on a Mercury CCD area detector coupled with a
Rigaku AFC8 diffractometer with graphite monochromated Mo-
Kα (λ = 0.71073 Å) radiation.  The data were collected at a tem-
perature of -100 °C to a maximum θ value of 25.15°.  Data were
collected in 0.50° oscillations in ω with 45 s exposures (two iden-
tical scans were performed at each position to identify detector
anomalies).  A sweep of data was done using Ω oscillations from
-90.0 to 90.0° at χ = 45.0° and φ = 0.0°; a second sweep was per-

formed using ω oscillations from -30.0 to 30.0° at χ = 45.0° and
φ = 90.0°.  The crystal-to-detector distance was 27.1 mm.  The
detector swing angle was 0.00°.  Cell parameters and additional
details of the data collection are reported in Table 1.

Of the 6492 reflections collected, 2661 were unique (Rint =
0.0259); equivalent reflections were merged.  Data were col-
lected, processed, and corrected for Lorentz-polarization and for
absorption using CrystalClear (Rigaku) [18].  The structures were
solved by direct methods and expanded using Fourier techniques.
The non-hydrogen atoms were refined anisotropically. Ideal
hydrogen atom coordinates were calculated and the hydrogen
atoms were allowed to ride on their respective carbons.  The tem-
perature factors of all hydrogen atoms were varied isotropically.
The final cycle of full-matrix least-squares refinement on F2 con-
verged with R1 = 0.0481 (reflections with I > 2.00σ(I)), wR2 =
0.1157 (all data).  The highest difference peak was 0.470 and the
deepest hole was -0.274. 

1-Methylethyl  (1,1-Dioxido-1, 2-benzisothiazol-3(2H)-ylidine)-
3-oxo-butanoate (8).

This compound was prepared by the general procedure from
the condensation-cyclization of 0.015 mol of isopropyl acetoac-
etate and 0.016 mol of 1 or 2 to yield 3.62 g (78% from 1) and
3.43 g (74 % from 2), mp from 1 and 2, 151-153° (ethanol):  IR
(cm-1): 3170, 1725, and 1655; 1H NMR: 1.28 (d, 6H), 3.56 (s,
2H), 5.09 (septet, 1H), 6.22 (s, 1H), 7.29 (s), and 7.72-7.90 (m,
4H); 13C NMR: 21.7, 49.0, 69.3, 94.2, 121.7, 122.9, 128.8, 133.4,
133.8, 134.3, 146.5, 166.8, and 191.5.

Anal. Calcd for C14H15NO5S:  C, 54.36; H, 4.89; N, 4.53.
Found:  C, 54.32; H, 4.78; N, 4.47.

Ethyl (1,1-Dioxido-1, 2-benzisothiazol-3(2H)-ylidine)-2-phenyl-
methyl-3-oxo-butanoate (9).

This compound was prepared by the general procedure from
the condensation-cyclization of 0.015 mol of ethyl 2-benzylace-
toacetate and 0.016 mol of 1 to yield 5.78 g (95%), mp 180-182°
(ethanol); condensation with 2 gave an oil, IR (cm-1): 3206,
1720, and 1668;  1H NMR:  1.21 (t, 3H), 3.24-3.28 (m, 2H), 3.87
( t, 1H), 4.15 (q, 2H), 6.15 (s, 1H),  7.20-7.26, and 7.20-7.28, and
7.74-7.88 (m, 8H);  13C NMR:  14.1, 34.7, 60.5, 61.7, 93.8,
121.8, 122.9, 126.8, 128.3, 128.6, 128.9, 133.5, 133.7, 134.3,
137.0, 146.5, 169.2, and 193.6.          .

Anal. Calcd for C20H19NO5S:  C, 62.32; H, 4.97; N, 3.63.
Found:  C, 62.15; H, 4.77; N, 3.66.

1,1-Dimethylethyl  (1,1-Dioxido-1, 2-benzisothiazol-3(2H)-yli-
dine)-3-oxo-butanoate (10).

This compound was prepared by the general procedure from
the condensation-cyclization of 0.015 mol of t-butyl acetoacetate
and 0.016 mol of 1 or 2 to yield 4.17 g and 1.07 g (from 1, 86%,
from 2, 22%), mp (ethanol/benzene) 1, 250-253° d; 2, 187-190°;
IR (cm-1): from 1, 3173;  from 2, 3529, 3482, 1, 1723;  2, 1692
and 1, 1655, 2, 1656; 1H NMR: 1, 1.49; 2, 1.48 (s, 9H), 1, 3.50;
2, 3.36 (s, 2H), 1, 6.20; 2, 5.78 (s, 1H),  1, 7.45; 2, 7.43 (s), and 1,
7.78 – 7.89; 2, 7.57-7.83 (m, 4H);   13C NMR:   1, 28.1; 2, 27.9,
1, 50.1; 2, 50.3, 1, 82.5; 2, 80.8, 1, 94.3; 2, 89.7, 1, 122.0; 2,
120.6, 1, 123.0; 2, 121.9, 1, 129.1; 2, 131.0, 1, 133.6;  2, 131.8, 1,
133.9; 2, 134.9, 1, 134.7; 2, 138.6, 1, 147.1; 2, 156.5, 1, 166.7;
2, 168.3, and 1, 191.8; 2, 188.8

From 1: Anal. Calcd for C15H17NO5S:  C, 55.72; H, 5.30; N,
4.33.  Found:  C, 55.65; H, 5.11; N, 4.22.
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From 2: Anal. Calcd for C15H17NO5S: C, 55.72; H, 5.30; N,
4.33.  Found:  C, 55.84; H, 5.13; N, 4.21.

Single crystal X-ray measurements for crystals of 10,
C15H17NO5S, recrystallized from ethanol and hexanes [13] were
collected on a Mercury CCD area detector coupled with a Rigaku
AFC8 diffractometer with graphite monochromated Mo-Kα (λ =
0.71073 Å) radiation.  The data were collected at a temperature
of -100 °C to a maximum θ value of 25.15°.  Data were collected
in 0.50° oscillations in ω with 45 s exposures (two identical scans
were performed at each position to identify detector anomalies).
A sweep of data was done using ω oscillations from -90.0 to
90.0° at χ = 45.0° and φ = 0.0°; a second sweep was performed
using ω oscillations from -30.0 to 30.0° at χ = 45.0° and φ =
90.0°.  The crystal-to-detector distance was 27.1 mm.  The detec-
tor swing angle was 0.00°.  Cell parameters and additional details
of the data collection are reported in Table 1.

Of the 6387 reflections collected, 2689 were unique (Rint =
0.0182); equivalent reflections were merged.  Data were col-
lected, processed, and corrected for Lorentz-polarization and for
absorption using CrystalClear (Rigaku) [18].  The structures were
solved by direct methods and expanded using Fourier techniques.
The non-hydrogen atoms were refined anisotropically.  Ideal
hydrogen atom coordinates were calculated and the hydrogen
atoms were allowed to ride on their respective carbons.  The tem-
perature factors of all hydrogen atoms were varied isotropically.
The final cycle of full-matrix least-squares refinement on F2 con-
verged with R1 = 0.0395 (reflections with I > 2.00σ(I)), wR2 =
0.1038 (all data).  The highest difference peak was 0.279 and the
deepest hole was -0.279. 

2-(1,1-dioxido-1, 2-benzisothiazol-3(2H)-ylidene)-1-(dihydro-2-
oxo-2(3H)-furan-3-yl)ethanone (11).

This compound was prepared by the general procedure from
the condensation-cyclization of 0.015 mol of 3-acetyldihydro-
2(3H)-furanone (α-acetyl-γ-butyrolactone) and 0.016 mol of 1 or
2 to yield 1.54 g (from 1, 36%), mp 188-192° (ethanol); con-
densation with 2 gave an oil.  IR (cm-1): 1766, 1741 sh and 1637;
1H NMR (deuteriochloroform): 2.43-2.52 (m, 1H), 2.81-2.90 (m,
1H), 3.87(q, 1H), 4.36-4.49 (m, 2H), 6.52 (s, 1H), 7.48 (s), and
7.78-7.96 (m,  4H);  13C NMR (deuteriochloroform /DMSO-d6):
24.1, 51.5, 67.2, 93.7, 121.2, 122.9, 128.3, 133.2, 133.7, 135.8,
144.5, 173.2, and 191.0.

Anal. Calcd for C13H11NO5S.1/2 H2O:  C, 51.65; H, 4.00; N,
4.63.  Found:  C, 51.94; H, 3.72: N, 4.99.
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