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Abstract—4-Alkyl-2-imino-1,3-oxaselenolanes were prepared in good yields with high regioselectivity under mild conditions by the
reaction of selenocarbamates with I2 or NIS. The resulting 4-alkyl-2-imino-1,3-oxaselenolanes on dehydrohalogenation gave 4-alkyl-
idene-2-imino-1,3-oxaselenolanes. The formation of the (Z)- or (E)-isomer of 4-alkylidene-2-imino-1,3-oxaselenolanes, strongly
depends on the configuration of the double bond of O-allylselenocarbamates.
� 2007 Elsevier Ltd. All rights reserved.
Recently many syntheses of compounds containing sele-
nium have been studied and reported because of the
interesting reactivities1 and their potential biological
activity.2 1,3-Selenolanes are found to have anticancer
activity.3 On the other hand, there are some drawbacks
of the syntheses of selenium heterocycles as they often
involve the use of toxic selenium reagents, which are dif-
ficult to handle and to store. The use of selenoureas4 and
isoselenocyanates,5 respectively, proved to be among the
most efficient methods for the introduction of selenium
into heterocycles, as they are conveniently prepared6

and relatively stable. Some years ago, we started a re-
search program concerning the synthetic potential of
isoselenocyanates as building blocks of selenium-con-
taining heterocycles.7 Recently, we described the synthe-
sis of 2-imino-1,3-selenazolidines,8 2-selenoxoperhydro-
1,3-selenazin-4-ones,9 2-selenoxo-1,3-selenazolidin-4-
ones,9 selenohydantoins,10 and 1-thia-6-oxa-6ak-selena-
3-azapentalene11 from isoselenocyanates by the respec-
tive nucleophilic attack of N, Se, and C nucleophiles.

By way of contrast, no report on the synthesis of sele-
nium-containing heterocycles from N-monoalkyl-O-
alkylselenocarbamates in the literature.12 Iodocycliza-
tion of an unsaturated C–C bond with a wide variety
of nucleophiles, including N, O, and S nucleophiles,
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has been extensively studied13 and has become a power-
ful tool for the construction of various heterocycles. In
this letter, we describe the iodocyclization of O-allylsel-
enocarbamates 2 using I2 or NIS as the electrophile; this
leads to 4-alkyl-2-imino-1,3-oxaselenolanes 3 in moder-
ate to excellent yields (Scheme 1).

The starting O-allylselenocarbamates 2 for our ap-
proach were prepared from the isoselenocyanates 1
(Table 1).14 The selenocarbamates 2c, 2e, and 2f were
sensitive to silica gel and were used for the next reaction
without further purification.

Firstly, the reaction of 2a (R1 = R2 = R3 = H) with
1.1 equiv of iodine in CH2Cl2 was examined. To our de-
light the reaction took place readily at room tempera-
ture and the cyclization product 3a was obtained in
40% yield after work-up of the reaction mixture. The
structure of 3a was elucidated by studies of IR, 1H,
13C, 77Se NMR, COSY, HMQC, HMBC, NOESY,
MS, HRMS, and elemental analysis.

To improve the yield of cyclization, different conditions
were then screened. As shown in Table 2, CH2Cl2 was a
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Table 1. Synthesis of O-allylselenocarbamates 2

R3

R2

R1
HO

Ph-N=C=Se
NaH

THF, 0 oC, 30 min
R3

R2

R1
O

Se

N
H

Ph
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Entry R1 R2 R3 Product Yielda (%)

1 H H H 2a 94
2 Me H H 2b 91
3 H nPr H 2c —b

4 H H nPr 2d 69
5 H H Ph 2e —b

6 H Me Me 2f —b

a Isolated yield.
b The crude product was used for the next reaction without

purification.

Table 2. The reaction of 2a with iodine under different conditionsa

N
H

O

Se
Ph

Solvent
I2

O

SeN
Ph I

2a 3a

Entry I2 (equiv) Solvent Temp Time (h) Yieldb

(%)

1 1.1 CH2Cl2 rt 1 40
2 1.5 CH2Cl2 rt 0.5 40
3 1.5 CH2Cl2 �10 �C 0.5 54
4 1.5 CH2Cl2 �40 to �10 �C 2 77
5 1.5 CH3CN �40 to �10 �C 2 60
6 1.5 THF �40 to �10 �C 2 64
7 1.5 DMF �40 to �10 �C 2 24

a The reaction was carried out using 0.5 mmol of 2a as starting
material.

b Isolated yield.
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suitable solvent for the cyclization reaction. Further-
more, the reaction was influenced by the amount of
iodine and the best result was obtained when 1.5 equiv
of iodine was used (entry 4).

Under the optimized conditions, the reaction of other O-
allylselenocarbamates 2 with iodine or NIS was investi-
gated. The results are summarized in Table 3.15 In most
cases NIS was efficient and the corresponding 1,3-oxa-
selenolanes 3 were obtained in moderate to high yields.
The reaction was strongly influenced by the substitution
pattern on the allyl skeleton: unsubstituted O-allylseleno-
carbamates 2 at terminal position gave good to excel-
lent yields (entries 1–4). The reaction of (Z)- or (E)-O-
Table 3. Synthesis of 1,3-oxaselenolanes 3 via iodocyclization of 2a

N
H

O

Se

R3

R2

R1

Ph
I2 or 

2
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a The reaction was carried out in CH2Cl2 using 1.0 equiv of 2 and 1.5 equiv
b Isolated yield based on 2.
c Yield was calculated based on corresponding 1.
allylselenocarbamates 2 with iodine gave very low yield
(entries 5 and 7), however, the desired products 3c and
3d could be obtained in moderate yields when stronger
electrophile NIS was used in the reaction instead of I2

(entries 6 and 8). In the case of entries 9 and 10, the reac-
tion was complicated and the products were isolated in
traces. Bulky groups such as nPr and Ph at c-carbon
may block the attack of iodine or selenium and make
the yield lower. The reaction shows high regio- and ste-
reo-selectivities for five-membered ring. In all reactions
only five-membered 1,3-oxaselenolanes 3 were obtained.
Recently, we reported the iodocyclization reaction of N-
O
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of I2 at �40 �C to �10 �C or 1.0 equiv of NIS at �40 �C to rt.



Table 4. Synthesis of cis and trans isomer of 2-imino-4-methylidene-1,3-oxaselenolanes 4a
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a The reaction was carried out in CH2Cl2 at room temperature.
b Isolated yield based on 3.
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allylselenoureas with iodine to give six-membered ring.16

In the present reaction, the reaction at �80 �C also
resulted in the formation of only five-membered ring
compound 3 while formation of six-membered ring
compounds had not been observed.

Next, the presence of the iodine allowed us the further
structural elaboration, most notable by dehydrohalo-
genation reaction using DBU. For example, when com-
pound 3a was treated with DBU, the corresponding 4-
methylidene-2-imino-1,3-oxaselenolane 4a was isolated
in excellent yield (Table 4, entry 1).17 Interestingly, when
1,3-oxaselenolane, obtained from (Z)-O-allylselenocar-
bamate, was used in the reaction, the (Z)-geometry of
the C@C double bond was retained in the final product
4b (entry 2). To our delight treatment of 1,3-oxaseleno-
lanes, obtained from (E)-O-allylselenocarbamates, with
DBU afforded E-conformers 4c and 4d (entries 3 and
4). The geometry of the double bond was confirmed
by 1H, 13C, 77Se NMR, COSY, HMQC, HMBC,
NOESY, and spectroscopic analysis.

Recently, we found very important spectral feature in
the 1H NMR spectra of 5-methylidene-2-phenylimino-
1,3-selenazolidine 5 (Fig. 1).8 The selenium coupling
(3J77Se–1H) with trans-proton (H5b proton in 5) was ob-
served exclusively, while such a coupling with the cis-
proton (H5a proton in 5) was not observed. Also the
cis-proton is upfield as compared to trans-proton. Sim-
ilar spectral features were found in compound 4a. The
structures of compounds 4b and 4c were confirmed by
comparison with compound 5 and 4a. For the compar-
ative studies, the (Z)-isomer of compound 4d, that is,
compound 6 was prepared by the reaction of 3-phenyl-
2-propyn-1-ol with phenyl isoselenocyanate. Our cur-
rent report confirms this important spectral feature
(see: Ref. 8).

Kambe et al. reported the synthesis of 4-alkylidene-2-
imino-1,3-oxaselenolanes 4 by the reaction of alk-2-yn-
1-ols with selenium and isocyanides via intramolecular
cycloaddition reaction.18 The reactions gave only (Z)-
isomer. Also the addition of selenolate ions to the triple
bond gives (Z)-products only.19 The formation of the
product with (E)-configuration was not reported to date
due to its difficulty in preparation. Our current report
opens a new route for the synthesis of (E)-4-methyl-
idene-2-imino-1,3-oxaselenolanes 4.

In conclusion, we report the iodocyclization reaction of
O-allylselenocarbamates to give five-membered ring 1,3-
oxaselenolanes, which on treatment with DBU resulted
in the formation (Z)- or (E)-4-alkylidene-2-imino-1,3-
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oxaselenolanes selectively. Further investigation into the
scope and limitations of this novel iodocyclization is
underway.
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