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Indene and cyclopentene enaminonitriles were reacted with
SClL, ‘Bu;N and NCS to give the first cyclopenta[1,2,6]thiadia-
zines that showed unusual characteristics, one as a NIR dye
and another as a liquid crystal.

Polycyclic 1,2,6-thiadiazine 2,2-oxides have been studied intensely
because of their practical use and economic advantage.!
Bentazone, a benzothiadiazine 2,2-dioxide, is a well-known
herbicide® and pyrazino[2,3-¢][1,2.6]thiadiazine 2,2-dioxides® or
benzothieno[3,2-a]thiadiazine 2,2-dioxides* have shown pharma-
ceutical properties. In contrast, very few unoxidized polycyclic
1,2,6-thiadiazines are known,! probably because of the lack of
convenient synthetic approaches. All reported polycyclic 1,2,6-
thiadiazines were prepared from preformed 3,5-dichloro-4H-1,2,6-
thiadiazin-4-one or its 4-dicyanomethylene derivative,” with the
exception of naphtho- and naphthobis [1,2,6]thiadiazines.® We
have developed several new methods for the preparation of
cyclopenta[1,2,3]dithiazoles, cyclopenta[l,2]dithioles and cyclopen-
ta[1,2]thiazines by the reactions of simple saturated ketoximes with
disulfur dichloride.” We thought that a related procedure could be
suitable for the one-pot preparation of 1,2,6-thiadiazines. In this
paper, we report the selective preparation of the first cyclopenta-
and benzocyclopentathiadiazines from cyclic enaminonitriles. The
readily available 3-amino-1 H-indene-2-carbonitrile® 1, 2-amino-
3H-indene-1-carbonitrile’ 2 and 2-aminocyclopent-1-enecarboni-
trile'® 3, containing an enaminonitrile moiety, were selected as
starting materials and subjected to a reaction with SCl,,
N-chlorosuccinimide (NCS) and triisobutylamine.!' Compound 1
afforded the crystalline orange-red solid 4 (60%) (Scheme 1).
Compound 4 showed four aromatic protons in its 'H NMR
spectrum and a molecular formula of CoH4C,N,S in the HRMS,
which is consistent with the formation of a thiadiazine ring
accompanied by dehydrogenation and chlorination of the
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Scheme 1 Preparation of cyclopenta[l,2,6]thiadiazines 4 and 5.

+ Electronic supplementary information (ESI) available: '"H and '*C
NMR spectra of 4 and 6, crystal data and structure refinement for 4, 5 and
8, structure of compound 6 and UV spectra and rotational studies. See
http://www.rsc.org/suppdata/cc/bd/b412632g/
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cyclopentathiadiazine moiety. The structure of 4 was confirmed
by single crystal X-ray diffraction'? and by its chemical properties.
Reaction of 4 with morpholine (1 equiv.) gave 5 (80%), which was
fully characterized by spectroscopy, microanalysis, and by single
crystal X-ray diffraction'” (Fig. 1), showing that only the 3-chloro
was selectively substituted. The UV spectra in CH,Cl, of 4
(Amax = 453 nm, ¢ = 1809) and 5 (Apax = 469 nm, ¢ = 3917)
had similar bands, probably because steric barriers prevented
conjugation.

The reaction of 2 with SCl,, NCS and '‘BusN in THF afforded
the crystalline green solid 6 (45%) (Scheme 2). Compound 6
showed peaks in its 'H, '3*C NMR and HRMS spectra similar to
those of its isomer 4, but its UV spectrum showed a large
absorption in the near-infrared region (1n.x = 741, ¢ = 879 and
Zmax = 823 nm, ¢ = 797 in CH,Cl,) (Fig. 2), that did not appear in
the UV spectrum of 4 (Fig. 2). In addition, compound 6 showed a
broad signal of low intensity in its EPR spectrum, both in CH»Cl,
solution and in the solid state, that could not be resolved (Fig. 2).
Under the same conditions, compound 4 did not show any signal
in its EPR spectrum (Fig. 2). A cyclic voltammogram of 6 showed
two one-electron reductions, the first one reversible at —0.63 V
(Fig. 2), the second one irreversible at —1.52 V, and one
irreversible oxidation at 1.3 V. No clear oxidation or reduction
was seen in the CV of 4, although the CV of 5 showed a reversible
oxidation at 1.15 V probably due to oxidation of the morpholine
ring. Structure 6 can be formulated as 6a <> 6b, a cyclic
sulfurdiimide and an o-quinodimethane thiadiazine. Compound 6
did not cycloadd to dimethyl acetylenedicarboxylate (as 6b should
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Fig. 1 X-Ray diffraction structures of 5 and 8.
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Scheme 2 Preparation of cyclopenta[l,2,6]thiadiazine 6.
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Fig. 2 UV and EPR spectra of 4 (purple) and 6 (blue) and CV of 6.

do), and reaction with morpholine led to the decomposition of 6,
therefore none of these structures defines compound 6. The weak
near-IR band and the unresolved EPR signal indicates that an
intramolecular charge transfer or mixed valence state, that is
reversibly reduced, contributes to the structure of 6. Very few cyclic
sulfurdiimides have been described,’ and all of them were blue
compounds with ambiguous aromatic character.'®

The reaction of 3 with SCl,, NCS and BusN in THF gave the
crystalline red solid 7 (75%), which did not show protons in the 'H
NMR spectrum but showed six signals in the *C NMR spectrum
and a molecular formula of CsCI4N,S by MS and microanalysis,
consistent with the formation of the cyclopentathiadiazine
structure 7 (Scheme 3). Reaction of 7 with morpholine (1 equiv.)
gave 8 (80%), which was fully characterized by spectroscopy,
microanalysis and single crystal X-ray diffraction'* (Scheme 3 and
Fig. 1). The UV spectra in CH,Cl, of 7 (Anax = 504 nm, ¢ = 573)
and 8 (Apax = 501 nm, ¢ = 3443) had similar bands. Upon cooling
after melting on a hot stage polarizing microscope, compound 7
exhibited strong birefringence indicative of liquid crystallinity
(Fig. 3). Differential scanning calorimetry (DSC) showed a
mesophase between 111 and 70 °C on cooling. Compound 7 is
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Scheme 3 Preparation of cyclopenta[l,2,6]thiadiazines 7 and 8.
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Fig. 3 DSC plot and mesophase at 105 °C of 7.

therefore a new example of a rare class of liquid crystal
pseudoazulenes.® The CV of 7 showed a reversible reduction at
—0.73 V. Irreversible oxidation or reduction waves were seen in the
CV of 8. In summary, we have described the one-pot synthesis of
new cyclopenta[l,2,6]thiadiazines and showed the characteristics of
these compounds as new materials. Further examples of this rich
chemistry are now being researched.
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