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N{p-Tolyltrichloromethane sulfenamide when treated with potassium hydroxide in an ether-alcohol mix-
ture resulted in the formation in solution of a red, transient thione-S-imide which underwent a head-to-head
dimerization to 2,3-di(p-tolyl}-5,5,6,6-tetrachloro-1,4,2,3-dithiadiazine whose structure was established by a
single crystal X-ray determination. A variety of sulfenamides derived from aryl-substituted primary aromatic
amines and alcoholic potassium hydroxide undergo this reaction with the formation of analogous structures.
This thiocarbonyl imine dipole could not be trapped with alkenic or alkynic dipolarophiles.

J. Heterocyclic Chem., 28, 1637 (1991).

Thione-S-imides, in conirast to other sulfur containing
1,3-dipoles, are relatively unknown. An interesting exam-
ple is the 9-fluorenethione S-benzoylimide (2), prepared [1]
in THF solution from the action of triethylamine on the
sulfenamide 1. Anhydrous hydrogen chloride (-78°) on
this THF solution led to the rapid regeneration of the sul-
fenamide 1, and when the solution of 2 was warmed to ca.
-30° the deep-red color of 2 was lost and the oxathiazole 3
was obtained via an electrocyclic ring closure of 2.

Potential methods of generating the thiocarbonylimine
dipole such as the reaction of a nitrene with a thiocarbonyl
group were unsuccessful [2], although related approaches
have been successful in forming carbonyl ylides [3] and
thiocarbony! ylides [4] contained in heteroaromatic be-
taines. We have found [5] that trichloromethanesulfenyl
chloride is an especially useful reagent for the annulation
of a 1,3,4-thiadiazole ring to a 2-aminoheterocycle analo-
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gous to 2-aminopyridine. Speculation about the mecha-
nism of this ring annulation led us to consider sulfen-
amides derived from trichloromethanesulfenyl chloride as
potential precursors to the thiocarbonyl imine dipole. This
publication describes the transient generation of such a
dipole and its extremely facile head to head dimerization
to yield an interesting 1,4,2,3-dithiadiazine.

Aromatic primary amines and trichloromethanesulfenyl
chloride were reported [6] to undergo ready reaction to
form secondary sulfenamides 4. On treating an ether solu-
tion of 4 with alcoholic potassium hydroxide solution Con-
nolly and Dyson in 1934 isolated [7] a colorless, crystalline
product after observing a transient deep-red coloration of
the reaction mixture. On the basis of analytical data, mo-
lecular weight data, and several degradative experiments,
structure 5 was assigned to this colorless product.

Repetition of this reaction resulted in a crystalline prod-
uct with physical constants consistent with those described
earlier [7]. In our hands degradative experiments were in-
conclusive for structural determination. The 'H nmr spec-
trum showed aromatic and methyl protons (4:3); however,
important information was obtained from the mass spec-
trum (E.L, direct insertion probe, heating 30°/min to
150°). The molecular ion at m/z 438 showed chlorine iso-
topes consistent with the presence of more than three chlo-
rine atoms. Particularly informative were fragment ions
showing the presence of an ~-N-N- bond: ions at m/z 274
and 210 are consistent with structural entities

respectively. Also, tetrachloroethylene and thiophosgene
ions were observed at m/z 164 and 114, respectively. These
mass spectral results are inconsistent with structure 3 but
are readily accommodated by the 1,4,2,3-dithiadiazine
ring system 6 and this was confirmed by the single crystal
X-ray structural determination shown in Figure 1. The
only example of the 1,4,2,3-dithiadiazine ring system
known [8] is the corresponding diester which was prepared
from ethane-1,2-bis(sulfenyl chloride) and ethyl hydrazodi-
carboxylate.

The dithiadiazine 6 is most likely formed by a head-to-
head dimerization of a transient thione-S-imide 7
generated from 4 by the potassium hydroxide. The forma-
tion of 7 is consistent with the observance of an immediate
transient red color when 4 was treated with base. Attempts
to trap this dipole with alkenic and alkynic dipolarophiles
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Figure 1. Ortep representation of 2,3-di(p-tolyl}5,5,6,6-tetrachloro-
1,4,2,3-dithiadiazine 6.

were unsuccessful, dimerization being the preferred reac-
tion pathway. Such head-to-head dimerizations of 1,3-di-
poles are not unknown [9], and what is especially interest-
ing in this case is the formation of an N-N bond in a four
heteroatom contiguous linkage.

It is interesting to note in the above context that when a
primary aromatic amide is treated with trichloromethane-
sulfenyl chloride under thermal conditions in an inert sol-
vent (dioxane, tetrachloroethylene) the reaction takes a
different course. In this instance a 5-aryl-1,3,4-oxathiazol-
2-one and the corresponding nitrile were obtained [10]. A
variety of 1,3,4-oxathiazole derivatives may be prepared
from amides and chlorosulfenyl chlorides, these being

Table 1

Selected Bond Lengths (A) and Bond Angles (°) for
2, 3-Di-(p-toly))-5, 5, 6, 6-tetrachloro-1, 4, 2, 3-dithiadiazine (6)

Bond Lengths A Bond Angles ©

N2-N3: 1.413 N2-$1-C6: 101.2
S1-N2: 1.703 N2-N3-§4: 114.9
N3-54: 1.686 S4-C5-C6: 110.5
$4-C5: 1.821 $1-C6-C5: 110.5
C5-C6: 1.771 S1-N2-N3: 114.7
S1-C6: 1.833 N3-84-CS: 102.7
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valuable as a source of the nitrile sulfide dipole [11].

Several sulfenamides derived from substituted-aryl
primary aromatic amines under these reaction conditions
result in products analogous to 6 above and their struc-
tures should be revised accordingly. Similarly the product
obtained [12] by treatment of the sulfenamide derived
from 2-aminopyridine with potassium carbonate should
also have its structure revised in view of these present
results.

EXPERIMENTAL [13]

2,3-Di(p-tolyl)-5,5,6,6-tetrachloro-1,4,2,3-dithiadiazine (6).

A solution of potassium hydroxide (8.0 g) in ethanol (75 ml) was
added dropwise to an ether solution of N{p-tolyl}trichlorometh-
ane sulfenamide (4, 2.6 g) with stirring at room temperature. On
the addition of base an immediate orange-red coloration devel-
oped and this color faded after the base addition was completed.
After stirring the reaction mixture for 4 hours, the colorless pre-
cipitate of potassium chloride was removed and the solvent evap-
orated under reduced pressure at room temperature. The residue
was dissolved in boiling ethanol from which it separated as color-
less needles, mp 142° with sudden and copious gas evolution (lit
[7] mp 142.5°).

Anal. Caled. for C,;H,,CLN,S;: C, 43.65; H, 3.21; N, 6.36.
Found: C, 43.86; H, 3.27; N, 6.24.

Acknowledgement.
We thank Drs. R. K. Kullnig and Fook 0. Tham for the deter-

mination of the single crystal X-ray structure.
Supplemental Material Available.

Tables of crystal data, positional parameters and isotropic
thermal parameters, bond lengths, bond angles, anisotropic ther-

Formation of a 1,4,2,3-Dithiadiazine 1639

mal parameters, and hydrogen atom parameters (4 pages) are
available from the authors.

REFERENCES AND NOTES

{1] E. M. Burgess and H. R. Penton, J. Org. Chem., 39, 2885 (1988).

{2] A. Schonberg and W. Urban, J. Chem. Soc., 530 (1935).

[3] E.g., see D. C. Dean, K. E. Krumpe, and A. Padwa, J. Chem. Soc.,
Chem. Commun., 921 (1989) and references listed therein.

[4] K. T. Potts and P. Murphy, J. Chem. Soc., Chem. Commun., 1348
(1984).

[5] K. T. Potts and J. M. Kane, J. Heterocyclic Chem., 26, 1289 (1989)
and references listed therein.

[6] T. B. Johnson and E. H. Hemmingway, J. Am. Chem. Soc., 38,
1860 (1916).

[71 J. M. Connolly and G. M. Dyson, J. Chem. Soc., 822 (1934); 679
(1935).

[8] K. H. Linke and R. Bimczok, Chem. Ber., 107, 771 (1974); K. H.
Linke, R. Bimezok, and H. Lingmann, Angew. Chem., Int. Ed. Engl., 10,
407 (1971).

[9] For example, 1,3-dipoles which undergo such dimerizations are:
thiocarbonyl ylides, head to head, I. Kalwinsch, L. Xingya, J. Gottstein,
and R. Huisgen, J. 4m. Chem. Soc., 103, 7032 (1981); azomethine imines,
head to tail, J. Fetter, K. Lempert, and J. Moller, Tetrakedron, 31, 2559
(1975); for a discussion of the theoretical aspects of 1,3-dipoles see R.
Husigen in 1,3-Dipolar Cycloaddition Chemistry, A. Padwa, ed, Wiley-
interscience, New York, 1984.

[10] A. Senning and P. Kelly, Acta Chem. Scand., 21, 1871 (1967).

[11] R. K. Howe, T. A. Gruner, L. G. Carter, L. L. Black, and J. E.
Franz, J. Org. Chem., 43,3736 (1978); R. K. Howe and J. E. Franz, J. Org.
Chem., 43, 3742 (1978); M. J. Sanders, S. L. Dye, A. G. Miller, and J. R.
Grunwell, J. Org. Chem., 44, 510 (1979).

[12] J. Goerdeler and E. R. Erbach, Chem. Ber., 95, 1637 (1962).

[13} Mass spectral data were recorded on a Hewleti-Packard GC-M$S
Model 5987A mass spectrometer and melting points were recorded in
capillaries and are uncorrected. Microanalysis was performed by Quan-
titative Technologies, Inc., Bound Brook, NJ.



