
Intramolecular nitrilimine cycloadditions to multiple bonds
have been shown to constitute an efficient and versatile source
of multi-ring heterocycles.1–3 However, in cases where a
thioether function is present in the tether connecting the dipole
and the dipolarophile moieties, the preferred reaction is the
nucleophilic attack of the divalent sulfur on the carbon atom
of the dipole, thus forming cyclic sulfonium ylides which then
rearrange to stable products.4 On these grounds, we felt it
interesting to examine whether analogous substrates contain-
ing a sulfinyl group might produce to the corresponding sul-
foxonium ylides. Nitrilimines 3a,b were chosen to this
purpose (Scheme 1).

Results and discussion

Hydrazonoyl chlorides 2a,b were obtained in good yield by
reaction of their precursors 1a,b4 with hydrogen peroxide in
controlled conditions, in order to avoid further oxidation to
sulfones.5 The in situgeneration of nitrilimines 3a,bwas per-
formed by treating the hydrazonoyl chlorides 2a,b with an

excess of triethylamine in boiling benzene. The starting mate-
rial disappeared after 5 h, and only the tricyclic products 4 and
5, respectively, could be isolated in moderate yields. These
products clearly arise from a 1,3-dipolar cycloaddition of the
nitrilimine dipole onto the double or the triple carbon-carbon
bond. The formation of sulfoxonium ylides of type 6, that was
predicted on the basis of the reported nucleofilicity of the
sulfinyl function,6 was not at all observed. In the case of com-
pound 4, having two stereogenic centres, only one
diastereoisomer was obtained. The crystals of the racemate
contain water of crystallization that led to the packing based
on hydrogen bonding between a water molecule and the
COOEt group. The relative stereochemistry of S and C3a was
unambiguously determined, proving that the methyl and the
sulfoxide oxygen are in a mutual anti relationship (Fig. 1). 

The total diastereoselectivity of the cycloaddition, within
the experimental error limits, constitutes an interesting result
that must be ascribed to the directing effect exerted by the
sulfinyl function. The concerted cycloaddition process
requires the intramolecular approach of the 

π-electron systems in parallel planes. On the other end, the
reacting molecule reasonably assumes a preferred conforma-
tion where the sulfinyl oxygen and the methyl group minimize
their mutual steric interactions. As a consequence, the transi-
tion state A depicted in Fig. 2 is the most accessible, thus jus-
tifying the stereoselective formation of cycloadduct 4.

It is well known that sulfoxides, both in racemic and
in enantiopure form, can exert a good stereocontrol in a wide
variety of reactions,7 among which Diels-Alder8 and 1,3-dipo-
lar9 cycloadditions occupy a prominent place. However, while
some examples of reactions of vinyl and allyl sulfoxides with
nitrones or nitrile oxides are reported,9,10 this is, to the best of
our knowledge, the first example involving a nitrilimine.
Further experiments on this topic, namely on intermolecular
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cycloadditions between vinyl sulfoxides and nitrilimines, are
under study and will be reported in due course.

Experimental

Mps were obtained using a Büchi apparatus and are uncorrected. IR
spectra were taken with a Perkin-Elmer 377 spectrophotometer. 1H
NMR spectra were recorded with a Varian EM-390 instrument in
CDCl3 solutions using SiMe4 as an internal standard. Mass spectra
were taken on a VG 70 EQ spectrometer. Compounds 1a,bwere pre-
pared as described previously.4

Synthesis of hydrazonoyl chlorides2a,b: general procedure.– 30%
aqueous hydrogen peroxide (0.28 mol) was added to a solution of
hydrazonoyl chloride 1a,b (8.0 mmol) in acetic acid (100 ml). After
stirring the mixture at room temperature for 1 h, an ice-water mixture
(400 ml) was added and then the pH was adjusted to ca 7 with
Na2CO3. The hydrazonoyl chlorides 2a,b were isolated by filtration
and purified by crystallization from ethanol. 2a: yield 77%; m.p.
95°C; νmax(Nujol) 3140 and 1730 cm–1; δH 1.46 (3 H, t,J 7 Hz, CH3),
3.70 and 3.92 (2 H, AB type,J 13 Hz, CH2SO), 4.45 (2 H, q,J 7 Hz,
CH2CH3), 4.8–5.1 (2 H, m, =CH2), 6.8–7.6 (3 H, m, ArH), 7.7–7.85
(1 H, m, ArH), 11.5 (1 H, br s, NH); m/z328 (M+) (Found: C, 51.02;
H, 5.33; N, 8.45. C14H17ClN2O3S requires: C, 51.14; H, 5.21; N,
8.52). 2b: yield 73%; mp 105°C; νmax (Nujol) 3280 and 1720 cm–1;
δH 1.48 (3 H, t,J 7 Hz, CH3), 2.39 (1 H, t,J 2.5 Hz, CH), 3.96 and
4.03 (2 H, double AB type,JAB 13 Hz,J 2.5 Hz, CH2SO), 4.47 (2 H,
q, J 7 Hz, CH2CH3), 6.8–7.9 (4 H, m, ArH), 11.15 (1 H, br s, NH);
m/z 312 (M+) (Found: C, 50.01; H, 4.10; N, 9.05. C13H13ClN2O3S
requires: C, 49.92; H, 4.19; N, 8.96).

Reaction of hydrazonoyl chlorides2a,bwith triethylamine. general
procedure:To a solution of hydrazonoyl chloride 2a,b (3.0 mmol) in
benzene (150 ml), triethylamine (15 mmol) is added. The mixture is
refluxed for 5 h, then is washed with 1 M HCl and with water; after
drying over sodium sulfate, the residue is chromatographed on a sil-
ica gel column with a benzene–ethyl acetate 9:1 mixture as eluent,
affording cycloadducts 4 and 5, respectively. (3aR/S,5S/R)-2-ethoxy-
carbonyl-3a-methyl-3,3a-dihydro-4H-pyrazolo[5,1-c][1,4]benzo-
thiazine S-oxide (4): yield 28%; m.p. 95°C (from diisopropyl ether);
νmax (Nujol) 1700 cm–1; δH 1.41 (3 H, t,J 7 Hz, CH2CH3), 1.52 (3 H,
s, CH3), 3.21 (2 H, s, CH2), 3.27 and 3.83 (2 H, AB type,J 12 Hz,
CH2SO), 4.38 (2 H, q,J 7 Hz, CH2CH3), 7.0–7.8 (4 H, m, ArH); m/z
292 (M+) (Found: C, 57.41; H, 5.59; N, 9.45. C14H16N2O3S requires:
C, 57.52; H, 5.52; N, 9.58). 2-Ethoxycarbonyl-4H-pyrazolo[5,1-
c][1,4]benzothiazine S-oxide (5): yield 34%; m.p. 193°C (from n-
pentane-chloroform); νmax (Nujol) 1700 cm–1; δH 1.48 (3 H, t,J 7 Hz,
CH3), 4.21 and 4.62 (2 H, AB type,J 16 Hz, CH2SO), 4.50 (2 H, q,J
7 Hz, CH2CH3), 7.02 (1 H, s, CH), 7.3–7.9 (3 H, m, ArH), 8.1–8.3 
(1 H, m, ArH); m/z276 (M+) (Found: C, 56.63; H, 4.29; N, 10.25.
C13H12N2O3S requires: C, 56.51; H, 4.38; N, 10.14).

Crystal data for 4: C14H18N2O4S: Mr = 310.36, colourless crystal
(1.0 3 0.2 3 0.1 mm ), monoclinic, space group P21/c,a=9.992(1),
b= 16.532(1),c=8.946(1) Å,β=91.55(1)° V=1477.2(2) Å3, Z=4,ρcalcd
=1.396 gcm–3 , F(000)=656,λ(Cu kα) = 1.54178 Å,µ= 2.113 mm–1,
graphite monochromator,θ–2θ scan, T=298 K; of 3316 measured

reflections (4.4 < θ < 68.0) 2578 were independent (Rint = 0.0656).
Data were collected with a Siemens P4 diffractometer and corrected
for Lorentz, polarization and decay effects (three standard reflections
were measured every 100 reflections), while no absoption correction
was applied. The structure was solved by direct methods (SIR97)11

and refined on F2 (SHELXL-97)12. All non-hydrogen atom were
refined with anisotropic thermal parameters. Hydrogen atoms were
inserted at calculated position and refined in the riding mode.
wR2=0.1525 and R1 = 0.0561 [for 2070 reflections with I>2σ(I)],
GoF=1.068 for 199 parameters. A final difference Fourier map
showed no residual density below –0.343 or above 0.532 e Å–3.
Crystallographic data (excluding structure factors) for the structure
reported in this paper have been deposited with the Cambridge
Crystallographic Data Centre as supplementary publication no.
CCDC-149453. Copies of the data can be obtained free of charge on
application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK
(fax: (+44)1223-336-033; e-mail: deposit@ccdc.cam.ac.uk). 
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Fig. 2 Transition states for the formation of cycloadduct 4


