
Iodo-cyclization of N-Homoallyl Thioamides Leading
to 2,4-Diaryl-5,6-dihydro-4H-1,3-thiazines

Toshiaki Murai,� Hisayuki Niwa, Tsutomu Kimura, and Fumitoshi Shibahara
Department of Chemistry, Faculty of Engineering, Gifu University, Yanagido, Gifu 501-1193

(Received January 29, 2004; CL-040114)

Iodo-cyclization of N-homoallyl thioamides was carried out
in the presence of Et3N to form 2,4-diaryl-5,6-dihydro-4H-1,3-
thiazines in good to high yields. The reaction of thioamides bear-
ing 1-naphthyl or 2-methoxyphenyl group at the carbon atom ad-
jacent to the nitrogen atom showed high diastereoselectivity.
The relative stereochemistry was confirmed by X-ray molecular
structure analyses. The obtained thiazines were converted to 6-
alkylidene-1,3-thiazines by treating with pyrrolidine.

Because of highly broad utility of 5,6-dihydro-2,4-diaryl-
4H-1,3-thiazines1,2 as intermediates in the productions of drugs
and pesticides, a variety of their synthetic methods have been re-
ported. The retero Diels–Alder reaction of 2-phenyl-1-thia-3-
azabuta-1,3-diene and N-thioacylformamidines with dienophiles
was reported to form 4-amino derivatives.3 Cyclization of N-3-
hydroxyalkyl amides and thioamides4 with Lawesson’s reagent
and Burgess, reagent has been developed. Bromo-cyclization
of allylthioimidates has led to 5-bromo derivatives along with
4,5-dihydro-1,3-thiazoles.5 Very recently, we have found that
the deprotonation of secondary N-benzylic thioamides with Bu-
Li efficiently gives thioamide dianions and the subsequent ally-
lation selectively takes place at the carbon atom adjacent to the
nitrogen atom. (Eq 1).6
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We report here iodo-cyclization of N-homoallyl thioamides
obtained by the reaction in Eq 1 leading to 2,4-diaryl-5,6-dihy-
dro-4H-1,3-thiazines.7

The reaction of N-3-butenyl thioamides 1a–1f with iodine in
the presence of Et3N was carried out with THF as a solvent at
0 �C. The results are shown in Table 1.8,9 The use of thioamide
1a gave 1,3-thiazine 2a in 77% yield with a ratio of 75:25 of two
diastereomers (Entry 1). Highly diastereo-selective iodo-cycli-
zation proceeded when thioamides 1b and 1c, where 1-naphthyl
or 2-methoxyphenyl group was introduced, were employed as a
starting material (Entries 2 and 3). The efficiency of the reaction
was dependent on the substituents attached to the thiocarbonyl
group. The reaction of thioamide having tert-butyl group 1d
gave the product 2d in a reduced yield (Entry 4). Iodo-cycliza-
tion of 2-methoxythiobenzamide 1e did not proceed at all, and
1ewas recovered quantitatively (Entry 5),10 whereas the reaction
of 4-methoxythiobenzamide 1f proceeded with high efficiency to
give the product 2f with better diastereoselectivity (Entry 6).

A similar iodo-cyclization of thioamides bearing the internal
alkenyl or trisubstituted alkenyl group 1g–1j proceeded smooth-
ly to give the corresponding 1,3-thiazines 2g–2j (Entries 7–10).
The 1,3-thiazines 2g–2j involving secondary and tertiary iodide

structures were also isolated, and the prospective elimination of
hydrogen iodide from the products did not take place under the
reaction conditions, although they showed reduced stability. No-
tably, high diastereoselective iodo-cyclization was achieved
with N-3-methyl-3-butenyl thioamide 1k to give exclusively
2k where aryl and iodomethyl groups are located in a cis-posi-
tion. Thioamide possessing cyclohexenyl group 1l also reacted
with iodine in the presence of Et3N to give two diastereomers
2l among eight possible isomers. X-Ray molecular structure
analyses of 2l were carried out. Ortep drawings of 2l are shown
in Figure 1.11,12
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aN-Homoallyl thioamides 1 reacted with iodine (1.5 equiv.) in
the presence of Et3N (1 equiv.) in THF for 2 h. bThree dia-
steromers were obtained in a ratio of 81:14:5. cThree diaster-
eomers were obtained in a ratio of 86:7:7. dA mixture of dia-
stereomers (64:36) was used.
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They have indicated that the relative stereochemistry at the
carbon atom bearing 2-methoxyphenyl group in the 1,3-thiazine
ring is only different. It is ascribed to the use of the diatereomers
1l as a starting material. Accordingly, iodo-cyclization of 1l pro-
ceeded in a trans-manner with high stereoselectivity.

Finally, 1,3-thiazines 2 were converted to 6-alkylidene-1,3-
thiazines13 (Eq 2). Although no elimination occurred with Et3N
as a base, the treatment of 2b, 2h, and 2j with pyrrolidine (3
equiv.) gave the corresponding products 3 in high yields.
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(E:Z  = 85:15)

In summary, we successfully provided a new synthetic route
to 2,4-diaryl-5,6-dihydro-4H-1,3-thiazines from N-homoallyl
thioamides. Further studies on applications of thioamides are
in progress.
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Figure 1. ORTEP drawings of two diastereomers of 21.
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