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Abstract: The reaction of 3-alkyl-2-(N-cyanoimino)thiazolidine 1-
oxides (4) with trifluoroacetic anhydride resulted in a ring-enlargement
reaction to give novel 5,6-dihydro-2H-1,2,4-thiadiazin-3(4H)-one deriv-
atives (6).

In our continuous investigation of the reactivity of 2-(N-
cyanoimino)thiazolidine1 (1 : Y = H) derivatives, several interesting
reactions toward nucleophiles have been developed.2 However, there
are very few reactions toward electrophiles.3 We are interested in reac-
tions in which the sulfur atom participates directly, especially ring-trans-
formation reactions. The attempted formation of sulfonium salt 2 or
ylide4 3 by reaction of the sulfur atom with several alkylating agents or
carbene species such as diazomalonate or diazoacetate has failed. These
results were contrary to our expectations from the considerably large
HOMO coefficient value at the sulfur atom.> However, the oxidation
reaction with m-CPBA occurred selectively on the sulfur atom to give a
sulfoxide 4 along with a sulfone 55 (Scheme 1). Although the sulfoxide
itself is an attractive functionality, that conjugated with a cyanoimino
group is also interesting, and the reactivity of such a functional group
has not yet been investigated. Since the electrophilicity of the imino
carbon (C2) would be increased more than that of the parent compound,
the S-C(2) bond of 4 is expected to become more reactive. Therefore,
we investiégated the reactivity of this new functional system under
Pummerer’-type reaction conditions as a typical reaction for sulfoxides.
In this paper, we report the formation of unprecedented 5,6-dihydro-2H-
1,2 4-thiadiazin-3(4H)-one derivatives (6) by the reaction of 3-alkyl-2-
(N-cyanoimino)thiazolidine 1-oxides (4) with trifluoroacetic anhydride
(TFAA), and a few reactions of 6.

Fig. 1. Crystai structure of 6b drawn by Chem 3D

The reaction of 3-benzyl-2-(N-cyanoimino)thiazolidine 1-oxide (4a)
with TFAA proceeded smoothly at O °C in dichloromethane. The main
product did not exhibit a nitrile band in its IR spectrum. It was apparent
that this reaction was not a normal Pummerer-type reaction.” The struc-
ture of 4-benzyl-2H-1,2,4-thiadiazin-3(4H)-one (6a) was based on ele-
mental and spectral analyses.® Tt was finally confirmed by an X-ray
crystallographic analysis of 6b (Fig. 1).2 Two other substituted benzyl
compounds, 6¢ and 6d, were also obtained in similar yields (Scheme 1).
Monocyclic 1,2,4-thiadiazin-3-one derivatives are very uncommon, and

only a few such compounds have been reported.lo Moreover, the sulfur
atom in each previously reported compound is in a sulfone state, and
there has been no report of a compound bearing a divalent sulfur. Thus,
this is the first synthesis for this type of compound. The yields are fairly
good as a crude product, but the isolation yield is not high due to decom-
position upon purification. Although the proper isolation method
remains to be determined, this may lead to the discovery of new biologi-
cally active compounds related to diuretic and antihypertensive ben-
zothiadiazine derivatives.'®5!!  Therefore, not only the reaction
mechanism, but also the reactivity of this novel compound are of inter-
est.
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Scheme 1

The reaction mechanism is speculated to be as follows (Scheme 2).
Beginning with the addition of a trifluoroacetyl group to the sulfinyl
oxygen of 4, the resulting trifluoroacetoxy anion concertedly attacks the
highly electrophilic imino carbon (C2), and C(2)-S bond cleavage then
takes place (A—B). Since the concurrently formed functional group,
C-S-OCOCF; of B, has the same structure as a mixed anhydride com-
posed of a sulfenic acid and trifluoroacetic acid, it is so highly reactive
that the S-O bond is easily cleaved. Next, the imino nitrogen intramo-
lecularly attacks the electron-deficient sulfur atom to cleave the S-O
bond, thereby creating a thiadiazine skeleton, which is followed by
elimination of the nitrile group (B—C—7). The resulting enol trifluoro-
acetate (7) is readily hydrolyzed upon aqueous workup to give 6.
Although 7 was so unstable that it was decomposed in CDCl, after a few
hours, it could be detected spectroscopically by quick measurement of
the 'H-NMR, IR, and Mass spectra of the crude product 8 after careful
evaporation of volatile materials from the reaction mixture. Further-
more, it could also be chemically detected by reacting it with benz-
ylamine to give N-benzyl trifluoroacetamide in addition to 6.

Next, we investigated the reactivity of these novel compounds 6 to pre-
pare various derivatives (Scheme 3). To our surprise, oxidation of 6
with m-CPBA gave only sulfoxide 8 and not sulfone compounds, even
with excess reagent for a prolonged reaction time.!? This is a curious
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result because the sulfur atoms of the known compounds are only in the
sulfone state. 1
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Scheme 2

To introduce various substituents at N(2), a methylation reaction was
tried. Upon treatment of the sodium salt 9, prepared from 6 and NaH
(1.5 equiv.) in DME, with Mel (2.0 equiv.), an unpredicted N-Me-sulfox-
ide 11 (12 %) was obtained along with the anticipated N-Me derivative
108 (52 %). Since compound 10 was not oxidized to 11 by air in DMF
solution, the sulfoxide 11 should be obtained via methylation of the
sodium salt of the sulfoxide 8, which would be generated through oxida-
tion of the anion 9 by the dissolved oxygen in DMFE. This notion may be
supported by the result that the sulfoxide 8 was obtained in a quantita-
tive yield with stirring of the DMF solution of 9 in air without Mel. The
ambident nature of the anion 9 may play a role in the competitive N-
methylation and oxidation prior to methylation.
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Scheme 3

We next attempted the methylation reaction of 8. Treatment of 8 with
NaH (1.5 equiv.) followed by Mel (2.0 equiv.) in DMF (conditions a)
gave 11 (55 %) and a sulfone 128 (18 %). The mechanism for the for-
mation of 12 was also interesting. Sulfone 12 was not observed in the
reaction mixture and the use of 1 equiv. of NaH (conditions b) gave 11
(85 %), but no sulfone 12, even in the presence of excess Mel. Sulfone
12 was apparently produced during aqueous workup with the use of
more than 1 equiv. of NaH. This means that a ring-opening reaction of
11 and methylation of the sulfur atom occurred concurrently during
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aqueous workup in the presence of excess base and Mel. In fact, treat-
ment of 11 with aqueous sodium hydroxide, which would be generated
during aqueous workup, in DMF in the presence of Mel gave 12 in good
yield (Scheme 3). It was clear that sulfone 12 was produced via hydrol-
ysis of 11 followed by methylation of a resulting sulfinate anion!? with
excess Mel, as shown in Scheme 4.
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Scheme 4

As described above, the reaction of 3-alkyl-2-(N-cyano-
imino)thiazolidine 1-oxide (4) with TFAA gave novel 4-alkyl-2H-1,2.4-
thiadiazin-3(4H)-one derivatives (6) as the result of a ring-expansion
reaction, and 6 and its monoxide 8 both showed interesting reactivity.
Further investigation of the reactivity of these new compounds is now
underway.
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Satisfactory elemental analyses and/or high resolution mass
spectra were obtained for all new compounds except for 7.
Selected physical and spectroscopic data for 6a: mp 145-146 °C;
FLIR cm’: 3135, 1625; MS m/z: 208 (M*); TH-NMR (CDCL,
200 MHz) &: 3.03 (2H, t-like), 3.63 (2H, t-like), 4.61 (2H, s), 4.94
(1H, m), 7.22-7.40 (5H, m). For 6b: mp 148-150 °C; FI-IR cm’!:
3140, 1628; MS m/z: 238 (M*); 'H-NMR (CDCl3, 200 MHz) 8:
3.00 (2H, t-like), 3.62 (2H, t-like), 3.80 (3H, s), 4.54 (2H, s), 4.72
(1H, br), 6.84-7.27 (4H, AA'BB’). 7a (crude): FI-IR cm’!: 1770,
1683, 1221, 1161; MS m/z: 304 (M*); 'H-NMR (CDCls, 200
MHz) é: 3.34 (2H, t-like), 3.61 (2H, t-like), 4.72 (2H, s), 7.20-7.45
(5H, m). 10c: mp 69 °C; FI-IR eml: 1628; MS m/z: 256 (M),
258 (M*+2); 'H-NMR (CDCl;, 200 MHz) &: 3.07 (2H, t-like),
3.11 (3H, s), 3.59 (2H, t-like), 4.56 (2H, s), 7.20-7.24 (4H, m).
11a: colorless oil; FT-IR cm}: 1655, 1094; MS m/z: 238 (M);
'H-NMR (CDCls, 200 MHz) &: 2.83 (1H, ddd), 2.99 (1H, ddd),
3.31 (3H, 5), 3.45 (1H, ddd), 4.28 (1H, ddd), 4.44 (1H, d), 4.88
(1H, d), 7.26-7.36 (S5H, m). 12a: colorless oil; FI-IR cm™!: 3425-
3367, 1635; MS m/z: 270 (M*); 'H-NMR (CDCL, 200 MHz) &:
2.77 (3H, d), 2.94 (3H, s), 3.31 (2H, t), 3.82 (2H, t), 4.49 (2H, s),
4.60 (1H, br), 7.18-7.42 (5H, m).

Crystal data for 6b: C,;H;,N,0,S, M =238.305, triclinic, space
group P1, Cell constant a (A) = 9.363(1), b (A) = 11.060(1), ¢ (A)
=6.208(1), o (°) =96.82(1)°, B (°) = 102.23(1)°, ¥ (°) = 66.82(1)°,
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Volume (AS) =577.1(1), Z=2, Dx=1371g em, F(000) =
252, p(Cu-Ko) (mm'') =2.40, Rp=0.072, Ryp = 0.229.
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We later found that N-Me-sulfoxide (11) was easily oxidized to a
sulfone by m-CPBA in good yield.

S-Alkylation has been noted previously in the alkylation reaction
of sulfinate anion with a soft alkylating agent such as Mel to give
a sulfone instead of an ester. See, Meek, J. S.; Fowler, . S. J. Org.
Chem. 1968, 33, 3422-3424,
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