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Abstract

In the study of the thermolysis of heteroaryl substituted sulfoxides, we examined the same reaction in the
presence of several amines, such as aniline, benzylamine, and morpholine. In the case of 5-(1-phenyl)-1,2,3,4-
tetrazolylsulfinylmethyl(dimethyl)phosphine oxide (1), the corresponding phosphinecarbothioamide 2 were
unexpectedly obtained in moderate yields together with 1-phenyl-1,2,3.4-tetrazole (3). These products are

considered to be formed by the addition reaction of amines to the sulfine formed initially and then elimination of
H 2()_ © 1999 Elsevier Science Ltd. All rights reserved.
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Recently, we reported the cycloaddition reaction of sulfine with 2,3-dimethyl-1,3-butadiene
via thermolytic reaction of heteroaryl-substituted B-ketosulfoxide [1,2,3]. The reaction of
phenacyl sulfoxide bearing a 2-benzothiazolyl or N-oxypyridyl group with butadiene afforded
6-benzoyl-5,6-dihydro-3,4-dimethyl-2H-thiapyran, which is considered to be formed by the
Diels-Alder reaction of diene with the corresponding thioaldehyde {4,5,6,7,8,9] formed
initially. On the other hand, in the case of tetrazolyl phenacyl sulfoxide, the cycloadduct of
the corresponding sulfine [11,12] was formed in excellent yield. Since sulfines are known to
react with amines to afford sulfinamide derivatives [12], the reaction of tetrazolyl phenacyl
sulfoxide in the presence of aniline was studied. However, a complex reaction was observed.
Further, we carried out the reaction of tetrazolyl sulfoxide bearing phosphine oxide instead of
carbonyl group with several amines in order to obtain the effect of the phosphoryl group.
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Unexpectedly, the reaction of 5-(1-phenyl)-1,2,3,4-tetrazolylsuifinylmethyl(dimethyl)-
phosphine oxide (1) with 2.2 equiv. of aniline afforded N-phenyl(dimethyl)phosphinecarbo-
thioamide (2a) and l-phenyl-1,2,3,4-tetrazole (3)in 50 and 83 % yield, respectively.! The
structure of product 2a was identified by 'H and '3C NMR, IR, and elemental analysis.

T]:l:zlslilon of 5-(1-Phenyl)-1,2,3 4-tetrazolylsulfinyl-methyl(dimethyl)phosphine Oxide with Amine
yield (%)2
entry amine Time (h) 2 3
1 PhNH, 1.5 50(2a) 83
2 PhCHNH 2.5 50 (2b) 99
3 (i-Pr) oNH 1.5 0 (2¢c) 81
4 Piperidine 0.75 52 (2d) 99
5 Morphorine 1.0 53(26) 75
6 Pyrrole 0.75 52 (2f) 82
7 imidazole 5.0 0 (29) 99

2 isolated yield

In this paper we report the formation of several (dimethyl)phosphinecarbothioamides
under the same conditions. (Scheme 1) As summarized in Table 1, the reaction of 1 with
several amines led to the corresponding phosphinecarbothioamide 2a,b,d,e,f in moderate
yields. However, when diisopropylamine (entry 3) or imidazole (entry 7) was used the
expected product 2c¢ or 2g was not detected, resulting in the formation of a complex reaction
mixture. These results suggest that the nucleophilicity of amine is critical to react with the
corresponding sulfine. In order to ascertain this speculation, the reaction of 1 in the presence
of both diisopropylamine and 2,3-dimethyl-1,3-butadiene was studied and, as expected, it led
to the Diels-Alder cycloadduct of the corresponding sulfine with butadiene (49%) and not to
2. This result also suggests that sulfine works as an intermediate in this reaction.

*FAX: +81-764-45-6851; E-mail: morita@eng.toyama-u.ac.jp

! Typical run is as follows; to astirred solution of 56 mg of 1 in 1.5 mL of dioxane was added 0.042 mL of aniline at 70°C. This
reaction mixture was stirred at 70°C for 1.5h. After cooling, this mixture was evaporated and the residual yellow oil was separated by
preparative layer chromatography on silicagel using AcOEl-hexane (1/1) as eluent. Products 2a and 3 were obtained in S0 and 83%
yield, respectively. Spectral data of 2a. yellow crystals. mp. 139.1-147.1 (dec.). 'H NMR (CDCl,, 400MHz): 6181 (d, /=284
Hz, 6H), 7.32 (. J = 7.6 Hz, 1H), 7.44 (1, J = 7.6 Hz, 2H), 8.05 (d, J = 7.6 Hz, 2H), 10.75 (br, IH). '*C NMR (CDCl,, 100MHz):
8157 (Mo p =740 Hz), 121.5,127.5, 129.1, 138.2 (J. p = 11.5 Hz), 197.0 (U, = 85.5 Hz). IR (neat): 3700-2800, 1180 cm’'.
Anal. Caled for CgH ,NOPS: C, 50.70; H, 5.67; N, 6.57 %. Found: C, 50.71; H, 5.73; N, 6.57 %.
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The reaction of 1 in the presence of sodium 4-methylthiophenolate instead of amine was
also studied. However, no formation of the corresponding expected product 2 and 3 was
detected, but 5-(1-phenyl)-1,2,3.4-tetrazoly! tolyl sulfide (30%) accompanied with complex
reaction mixtures was obtained. This product was probably formed by the ipso-substitution
on the 5-position of the tetrazole ring with thiolate anion.

The probable mechanism of the formation of phosphinecarbothioamide 2 is shown in
Scheme 2. First, the thermolytic reaction of starting sulfoxide 1 afforded the corresponding
sulfine 4. To the carbon atom of the thiocarbonyl oxide group of 4 the nucleophilic addition
of amine occurs to afford a substituted sulfenic acid intermediate 5. Finally, the elimination
of H,O from this intermediate led to the product 2.
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In contrast to our results, it is reported that in the reactions of common sulfines with
nucleophiles, the attack of nucleophiles takes place on the partially positive-charged sulfur
(thiophilic attack) predominantly and, in the case of primary and secondary amines, the
products were the corresponding sufinyl amides [13,14,15,16]. Only in the case of
chlorosulfine, attack on the carbon (carbophilic attack) occurred [17,18,19,20] . In order to
clarify the limitations of the reaction and the detailed mechanism, we are now continuing
further studies, such as the reaction with other nucleophiles, the solvent effect and so on.
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