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ADDITION OF NITRILE OXIDES
TO N-ALLYLSACCHARIN

V. Dirnens, S. Belyakov, and E. Lukevics

The addition of nitrile oxides to N-allylsaccharin has been studied and it has been shown that the
reaction occurs regiospecifically to form a 5-substituted isomer. The molecular structure of
2-{5-[(3-methyl)isoxazolin-2-yl] methyl}-3-oxo0-2,3-dihydrobenz[d]isothiazole 1,1-dioxide has been
determined by X-ray analysis. A feature of the crystal of this compound is the presence of a
supersymmetrical crystalline structure with two independent molecules associated by a center of
pseudoinversion.

Keywords: N-allylsaccharin, isoxazolines, nitrile oxides.

Saccharin (3-o0x0-2,3-dihydrobenz[d]isothiazole 1,1-dioxide) is the best known of the isothiazole
1,1-dioxide class of compound. Its synthesis, chemical properties, and reactions are gathered in several reviews
[1-7]. One of the routes in the synthesis of pharmacologically interesting saccharin compounds is O- or
N-modification. N-Substituted derivatives of saccharin 1 are actually inhibitors of human leukocyte elastase
[8-17] and can be used as active therapeutic agents for treatment of emphysema and inflammatory lung illnesses
[18].
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R'= aryl(hetaryl), R* = alkyl, R* = H, alkyl

On the other hand, compounds with anti-inflammatory activity can be found amongst isoxazolines [19]
and the heterocycle itself is a valuable synthon in organic chemistry for the preparation of B-hydroxy ketones
[20-25], y-amino alcohols [26-28], a,B-unsaturated oximes [29, 30], and B-hydroxy nitriles [31, 32]. Hence we
have synthesized compounds which have the saccharin and isoxazoline fragments combined.

For the preparation of isoxazoline derivatives of saccharin 13-22, in which there is a —CH,— bridge
between the nitrogen atom of the saccharin and the heterocycle, we carried out a [2+3] cycloaddition reaction of
the nitrile oxides 3-12 (generated from hydroxamic acid chlorides in the presence of triethylamine) to
N-allylsaccharin 2.

* Dedicated to Professor V. I. Minkin on the occasion of his anniversary
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Compound R Compound R
13 Me 18 4-C1C5H4
14 Ph 19 4-Me,NC¢Hy
15 2-CIC¢H4 20 4-MeOCH,
16 2-MeOC(,H4 21 3 ,4-(MeO)2C(,H3
17 4-BrCq¢H,4 22 2,4-C1,C¢H3

This "one-pot" reaction was performed successively by:
N-chlorosuccinimide in chloroform to give the corresponding aryl(methyl)hydroxamic acid chlorides; 2)
addition of the unsaturated compound; and 3) addition of triethylamine as the dehydrohalogenating agent for

generation of the nitrile oxide.

The [2+3] cycloaddition occurs regioselectively and always forms the single 5-substituted isoxazoline

regioisomer.

An X-ray analysis of the crystal of compound 13 was performed in order to determine the spatial
structure. Fig. 1 shows the spatial model for the 13 molecule. A feature of the structure of the crystals is the
presence of a supersymmetrical crystalline structure: two crystallographically independent molecules of 13 being
associated by a center of pseudoinversion. The projection of the packing of the molecule is given in

TABLE 1. Parameters for the Isoxazoline Containing Saccharins 13-22

Empirical Found, % .

- ol Yield

C;frlld formula, Calculated, % mp,°C |y,

P (molecular weight) C H N

13 C12HiN,O48 51.45 4.34 9.95 121 65
(280.31) 51.42 432 9.99

14 C17H1aN,0,S 59.52 4.11 8.21 130 63
(342.38) 59.64 4.12 8.18

15 C7H15CIN,048 54.31 3.46 745 131 61
(376.82) 54.19 3.48 7.43

16 CisHisN,OsS 58.17 431 71.55 145 73
(372.40) 58.06 433 7.52

17 C7H13BrN,O4S 48.63 3.13 6.62 163 71
(421.27) 48.47 3.11 6.65

18 C17H13CIN,O48 54.33 3.46 7.40 129 67
(376.82) 54.19 3.48 7.43

19 C1oH1sN3048 59.12 4.92 10.94 156 59
(385.45) 59.21 497 10.90

20 CisHisN,OsS 58.01 435 7.52 152 64
(372.40) 58.06 433 7.52

21 C1oH1sN,O6S 56.85 4.49 7.00 199 69
(402.43) 56.71 4.51 6.96

22 C7H12CLN,048 49.80 2.96 6.82 171 61
(411.27) 49.65 2.94 6.81
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TABLE 2. '"H NMR Spectra of the Isoxazoline Containing Saccharins

(0]
A B
H H
\ ’
N—CH,— C—
p CH, /C C,,,/ c
Sa H
770 NP~
(0] N R
13-22
Com- Chemical shifts, & SSCC, J, H
pound emical shifts, 8, ppm (. ,J, Hz)
13 2.01 (3H, s, CH3); 2.89 (1H, dd, J=6.8,J=16.8, CHc); 3.14 (1H, dd, /= 9.4,

J=16.8, CHg); 3.78 (1H, dd, J = 7.0, J = 15.4, NCH); 3.96 (1H, dd, J=5.2,
J=15.4, NCH); 4.85-5.18 (1H, m, CHy); 7.74-8.09 (4H, m, Hyron)

14 3.27 (1H, dd, J=6.8,J= 152, CHc); 3.52 (1H, dd, J= 9.2, J= 15.2, CHp);

3.87 (1H, dd, J= 6.8, J= 13.8, NCH); 4.07 (1H, dd, J = 5.4, /= 13.8, NCH);
5.05-5.33 (1H, m, CHy); 7.32-7.43 3H, m, Huom); 7.58-7.72 (2H, m, Haron);
7.76-7.94 (3H, m, Hurom); 7.95-8.09 (1H, m, Hurom)

15 3.45(1H, dd, J= 6.8, = 16.1, CHe); 3.69 (1H, dd, J= 8.3, /= 16.1, CHg); 3.89 (1H, dd,
J=5.9,J=13.4, NCH); 4.12 (1H, dd, J = 4.8, J = 13.4, NCH); 5.09-5.45 (1H, m, CH.,);
7.25-7.43 (3H, m, Huom); 7.58-7.69 (1H, m, Harom); 7.81-8.12 (4H, m, Hyrom)

16 3.48 (1H, dd, J= 6.8, J=17.7, CHc); 3.59 (1H, dd, J= 9.7, J= 17.7, CHz);

3.85 (3H, s, OCH;); 3.87 (1H, dd, J= 7.2, J = 14.6, NCH); 4.03 (1H, dd, J=5.9,
J=14.6, NCH); 5.10-5.25 (1H, m, CH,); 6.95 (2H, m, Hiom); 7.38 (1H, m, J = L.6,
J=17.3, Huom); 7.73 (1H, dd, J = 1.6, J = 7.7, Huom); 7.83-8.05 3H, m, Harom);

8.08 (1H, m, Huom)

17 3.29 (1H, dd, J="7.7,J=17.8, CHc); 3.52 (1H, dd, J= 9.2, J = 17.8, CHp);

3.87 (1H, dd, J=7.4, J= 16.1, NCH); 4.07 (1H, dd, /= 5.5, J= 16.1, NCH);
5.05-5.41 (1H, m, CH,); 7.42 (4H, s, Harom); 7. 82-8.12 (4H, m, Hurom)

18 3.32(1H, dd, J="7.8,J=17.8, CHc); 3.49 (1H, dd, J= 9.2, J = 17.8, CHp);

3.87 (1H, dd, J=7.4, J= 15.3, NCH); 4.07 (1H, dd, /= 5.5, J= 15.3, NCH);
5.07-5.43 (1H, m, CH,); 7.36 (2H, d, J = 8.6, Hurom); 7. 61 (2H, d, J = 8.6, Harom);
7.81-8.16 (4H, m, Huom)

19 2.92 (6H,'s,2 x CHs); 3.27 (1H, dd, J= 6.6, J= 17.8, CHc); 3.47 (1H, dd, J = 8.6,
J=17.8, CHp); 3.85 (1H, dd, J=7.4, J = 13.6, NCH); 4.05 (1H, dd, J= 5.6,
J=13.6, NCH); 4.98-5.32 (1H, m, CH,); 6.67 (2H, d, J = 8.4, Huom);

7.52 (2H, d, J = 8.4, Huom); 7.76-8.09 (4H, m, Hurom)

20 3.29 (1H, dd, J=7.2,J = 15.4, CHc); 3.49 (1H, dd, J=9.1,J= 15.4, CHp);

3.81 (3H, s, OCHs); 3.85 (1H, dd, J=7.1, J = 13.6, NCH); 4.07 (1H, dd,
J=5.6,J = 13.6, NCH); 5.03-5.38 (1H, m, CH,); 6.87 (2H, d, J = 8.4, Huom);

7.61 (2H, d, J = 8.4, Hyrom); 7.74-7.92 (3H, m, Harom); 7.96-8.12 (1H, m, Hyrom)

21 3.32(1H, dd, J=7.1,J= 162, CHc); 3.52 (1H, dd, /= 9.1, J = 16.2, CHz);

3.85 (6H, s, 2 x OCHs); 3.89 (1H, dd, J=7.6, J = 18.4, NCH); 4.25 (1H, dd, J= 6.1,
J=18.4,NCH); 5.05-5.38 (1H, m, CH,); 6.83 (1H, d, J = 8.2, Hyom); 7. 05 (1H, dd,
J=1.6,J=82, Hyom); 741 (1H, d, J = 1.6, Hurom); 7. 81-8.14 (4H, m, Hyrom)

22 3.45 (1H, dd, J= 6.6, J = 16.6, CHc); 3.67 (1H, dd, J=9.1, J= 16.6, CH);

3.89 (1H, dd, J=6.8, J= 14.4, NCH); 4.12 (1H, dd, J = 5.2, J = 14.4, NCH);
5.09-5.43 (1H, m, CH,); 7. 25 (1H, dd, J = 1.8, J = 7.8, Huom ); 743 (1H, d, J= 1.8, Hurom);
7.58 (1H, d, J= 7.8, Hurom); 7. 78-8.12 (4H, m, Harom)

Fig. 2. Basic bond lengths and valence angle values are given in Tables 4 and 5. The isoxazoline ring has an
envelope conformation. The deviations of the C) atoms from the O)N»Ci3)Csy plane are 0.257(4) and
0.203(5) A for the two independent molecules. The corresponding dihedral angles between the plane of the
saccharin molecule and the mean plane of the isoxazoline ring are 28.7(4) and 35.3(4)°.
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Fig. 1. Steric model for the molecule of compound 13 with atomic numbering.

EXPERIMENTAL

The X-ray analysis was carried out on a Bruker-Nonius Kappa CCD automatic diffractometer (exposure
at room temperature, molybdenum radiation with A = 0.71073 A, graphite monochromator, ¢- and o-scanning).
The structure was solved by the method [33] and refined in a full matrix least squares analysis using the program
[34]. The basic crystallographic parameters for compound 13 are given in Table 3.

TABLE 3. Crystallographic Data and Refinement Parameters for the
Crystalline Structure of 13

Empirical formula C2H12N>048
Crystal color Colorless
Monocrystal size, mm 0.12x0.23%0.30
Crystal system Monoclinic
Crystalline lattice parameters, A
a 10.8844(3)
b 14.2738(4)
c 17.2119(4)
B,° 105.304(2)
Volume of the unit cell, V, A’ 2579.3(1)
Space group P2i/n
VA 8
F(000) 1168
Density, D,, g/cm® 1.444
u, mm” 0.26
26max, ° 55.0
Number of reflections
measured 10554
independent 6363
used in the least squares analysis 3868 (I>30))
Number of refinement parameters 373
R-factor 0.072
WR, 0.185
APias, /A’ 1.00
APin, e/A° -0.98
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Fig. 2. Projection of the crystalline structure of compound 13 along the x axis.

TABLE 4. Bond Lengths (/) in the Structure of Compound 13

LA LA
Bond Bond
molecule A molecule B molecule A molecule B

S(8)-0(17) 1.423(2) 1.419(2) N(7)-C(15) 1.407(4) 1.398(4)
S(8)-0(18) 1.437(2) 1.428(2) C(15)-C(14) 1.480(4) 1.479(4)
S(8)-N(7) 1.655(2) 1.677(3) N(2)-C(3) 1.264(4) 1.278(4)
S(8)-C(9) 1.745(3) 1.755(3) C(3)-C4) 1.486(5) 1.477(5)
0O(16)-C(15) 1.206(4) 1.201(4) C(3)-C(19) 1.491(6) 1.463(6)
C(6)-N(7) 1.460(4) 1.491(4) C(10)-C(11) 1.390(6) 1.383(6)
C(6)-C(5) 1.520(4) 1.466(6) C(13)-C(12) 1.382(6) 1.396(6)
O(1)-N(2) 1.424(4) 1.440(4) C(12)-C(11) 1.367(7) 1.364(7)
O(1)-C(5) 1.433(4) 1.450(5)

TABLE 5. Valence Angles (®) in the Structure of Compound 13

Bond ©. dog.
molecule A molecule B

O(17)-S(8)-N(7) 111.92(14) 111.69(14)
O(17)-S(8)-0(18) 117.4(2) 117.7(2)
O(17)-S(8)-C(9) 110.2(2) 109.5(2)
N(7)-S(8)-0(18) 108.48(14) 109.04(14)
N(7)-S(8)-C(9) 93.28(13) 93.20(15)
0O(18)-S(8)-C(9) 112.99(14) 113.1(2)
N(7-S(8)-0(17") 111.69(14) 111.69(14)
S(8)-N(7)-C(6) 122.5(2) 120.8(2)
C(6)-N(7)-C(15) 120.6(2) 121.2(3)
N(2)-0(1)-C(5) 108.8(2) 108.3(3)

'"H NMR spectra for compounds 13-15 and 17-22 were recorded on a Bruker WR-90 instrument
(90.1 MHz) and for compound 16 on a Varian Mercury-200BB instrument (200.1 MHz) using CDCl; and TMS

as internal standard.
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The general method for the preparation of the isoxazolines 13-22 is given in [35] and the parameters for

the obtained compounds are shown in Tables 1 and 2.

The experimental work was carried out with the help of E. Alksnis, V. Muravenko, and I. Skrastyn.
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