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The regiochemistry of intramolecular addition of N-allyl-
selenoureas leading to 2-imino-5-methyl-1,3-selenazolidines or
2-amino-5-iodo-4H-5,6-dihydro-1,3-selenazines depends on the
treatment of hydrogen chloride or iodine: treatment of hydrogen
chloride with N-allylselenoureas affords preferentially 2-imino-
5-methyl-1,3-selenazolidines through 5-endo closure, whereas
treatment of iodine affords preferentially 2-amino-5-iodo-4H-
5,6-dihydro-1,3-selenazines through 6-exo closure.

Selenium–nitrogen heterocycles such as 1,3-selenazines and
1,3-selenazoles have enthusiastically been studied in the fields of
chemistry1 and pharmaceutical science, because they biological-
ly act as antioxidants and can inhibit human fibro sarcoma DNA
fragmentation, eukaryotic elongation factor-2 kinase and induci-
ble nitric oxide production.2 Several reactions using N-allyl-
thioureas, N-homoallyl-thioamides and -thioureas have been re-
ported. For example, N-allylthioureas by enzymic treatment3 or
active manganese dioxide4 converted to the corresponding ureas.
By an iodocyclization of N-allylthioureas, 4,5-dihydro-1,3-thia-
zoles were obtained.5 The 6-iodomethyl-5,6-dihydro-4H-1,3-
thiazines were prepared by iodocyclization of N-homoallylthio-
amides.6 2-Amino- or 2-imino-1,3-thiazole derivatives were
obtained by cyclization of N-allylthioureas with hydrogen
chloride.7 In contrast, there are few reports on the synthesis of
selenium–nitrogen heterocycles using N-allylselenoureas8 by
iodocyclization and cyclization with hydrogen chloride. Herein,
preparation of 1,3-selenazine and 1,3-selenazole derivatives
from N-allylselenoureas has been described.

Five kinds of N-allylselenoureas 1 were prepared by reac-
tions of isoselenocyanates with allylamine (Scheme 1).9

Next, we investigated synthesis of selenium–nitrogen het-
erocycles via intramolecular addition using obtained N-allylsele-
noureas 1. Reaction of N-allyl-N0-p-tolylselenourea (1b) with
dry hydrogen chloride under reflux conditions (bath temp:
80 �C) gave 5-methyl-2-p-tolylimino-1,3-selenazolidine (2b)
in quantitative yield (Scheme 2). Under the optimal reaction
conditions, five kinds of five-membered ring 2-imino-5-meth-
yl-1,3-selenazolidines 2a–2e10 were prepared by reactions using
N-allylselenoureas 1 with hydrogen chloride in high yields

(Scheme 2). The driving force, in this case, is the formation of
the more stable carbonium ion. This behavior is in agreement
with the cyclization of imidates, amides, and carbonates, which
afford five-membered heterocyclic rings exclusively.11

Crystal structure of the 2-(2-naphthyl)imino-5-methyl-1,3-
selenazolidine (2d) was determined by X-ray diffraction analysis
(Figure 1).12 Though the isomeric 2-amino-5-methyl-4,5-dihy-
dro-1,3-selenazole is a possible product, the structure of 2 was
confirmed to be 2-imino-5-methyl-1,3-selenazolidine by crystal
analysis of 2d.

Furthermore, we studied iodocyclization of N-allylselenour-
eas 1. Reaction of N-allyl-N0-phenylselenourea (1a) with iodine
afforded 5-iodo-2-phenylamino-4H-5,6-dihydro-1,3-selenazine
(3a) in 90% yield at room temperature (Scheme 3).13 The struc-
ture of 3a was elucidated by studies of IR, 1H, 13C, 77SeNMR,
COSY, HMQC, and HMBC data, MS, and HRMS. Under the
same reaction conditions, four kinds of N-allylselenoureas 1
were treated with iodine to give the corresponding 2-amino-5-
iodo-1,3-selenazine 3 in moderate to high yields (Scheme 3). Re-
action at�40 �C also resulted in the formation of only six-mem-
bered ring compound 3 while formation of five-membered ring
compound has not been observed. Previously, reactions of intra-
molecular iodocyclization of allylureas and allylthioureas gave
the corresponding five-membered ring 4,5-dihydro-1,3-oxazoles
and 4,5-dihydro-1,3-thiazoles, respectively.5,14 Reactions with
N-homoallyl-thioamides and -thioamides afforded six-mem-
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Figure 1. ORTEP diagram (50% thermal ellipsoids) of 2-(2-
naphthyl)imino-5-methyl-1,3-selenazolidine (2d).
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bered ring 6-iodomethyl-4H-5,6-dihydro-1,3-thiazines.5,6 The
present reactions with N-allylselenoureas 1 gave six-membered
ring 5-iodo-4H-5,6-dihydro-1,3-selenazines 3 by iodocycliza-
tion.

In this letter, we confirmed intramolecular addition of N-al-
lylselenoureas afforded five-membered ring 1,3-selenazolidines
through 5-endo closure or six-membered ring 1,3-selenazines
through 6-exo closure by treatment of hydrogen chloride or
iodine, respectively.
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