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Abstract: When 1,2,3-selenadiazoles were treated with an excess amount of olefins in the presence of a
catalytic amount of Bu3SnH and AIBN, the addition of a vinyl radical, which was generated in situ by the
denitrogenation of 1,2,3-selenadiazoles, to the carbon-carbon double bond followed by intramolecular cy-

clization proceeded efficiently to afford the corresponding dihydroselenophenes in moderate to good yields.
© 1999 Elsevier Science Ltd. All rights reserved.

The free radical reaction is a popular and important reaction in organic synthesis.l In particular, radical-
mediated reactions employing a stoichiometric or excess amount of an organotin compound such as tributyltin
hydride or allyltributyltin have recently become a useful tool in organic synthesis.2 In these stannyl radical-
mediated reaction pathways, organostannyl radicals generated in situ were converted into organotin compounds
having stable Sn-X bonds (X = halogen or heteroatom function) via the abstraction of the halogen atom or
heteroatom function from R-X by the stannyl radical. There are only a few reports on the catalytic use of
organotin compounds due to the difficulty in the regeneration of an organostannyl radical from the very stable
organotin intermediate 3.4

Recently, tributyltin hydride (Bu3SnH)-mediated reactions in the presence of a stoichiometric or excess
amount of metal hydride and a small amount of a radical initiator have been reported: (1) dehalogenation of
organic halides,5 (2) reduction of azides,6 (3) reduction of a,B-unsaturated ketones,’ (4) deoxygenation of
alcohols,8 (5) reductive cyclization of enals and enones,? and (6) conversion of nitroalkanes to alkanes.10
However, these transformations require the use of a stoichiometric or excess amount of a second metal hydride
capable of regenerating Bu3SnH.1l We have now found that a catalytic amount of the tributylstannyl radical
generated in situ from tributyltin hydride/AIBN or allyltributyltin/AIBN markedly promoted the reaction of the
1,2,3-selenadiazoles (1) with olefins (Eq. 1).12
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Treatment of 1,2,3-selenadiazole (1a) derived from cyclohexanone with a catalytic amount of Bu3SnH (0.05
equiv.) and AIBN (0.025 equiv.) in benzene solution (2.5 mL) at 80 °C for 5 h produced thel,4-diselenin deriva-
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tive (2a) in 77 % yield along with a 15 % Table 1. Reaction of 1,2,3-Selenadiazole (1a) in the Presence of a Catalytic
yield of the selenophene derivative (3a) Amount of Organotin Compounds.

(Entry 1 in Table 1). On the other hand, N BuzSnR/AIBN C[ K/O CZ/_\Q
in the absence of Bu3SnH and AIBN, the OIS'B Bersmzene (2.5 ml) Se ¢

reaction was extremely slow and afforded

1 3a
2a in 17% yield along with the recovery 2 -
of the starting selenadiazole (1a) (77 %) Entry BugSR / AIBN (mol%) Yield / %
(Entry 3). When allyltributyltin was em- 28 3a
ployed in place of Bu3SnH, similar re- 1 BuzSnH (5/2.5) 77 15
action smoothly proceeded to afford 1,4- 2 A ~SnBug (5/2.5) 81 7

diselenin (2a) in 81 % yield (Entry 2).
These results show that a catalytic 39 None (©70) 17 2
amount of the tributylstannyl radical sig-

. . a) Reaction conditions: 1a (0.5 mmol), BuzSnR (0.025 mmol), AIBN
nificantly promoted the denitrogenation (0.0125 mmol) and benzene (2.5 mL) at 80 °C for 5 hr.

L .. ield. c) At80°Cf . 77 % d.
of 1a followed by dimerization giving 2a. b) GC yield. c) At 80 °C for 15h. d) 1a (77 %) was recovere

i in Scheme 1 i -
The reaction pathway in S e 1 ispro Scheme 1. A Plausible Reaction Path

posed to account for these catalytic reactions:

(i) radical attack of the tributylstanny! radical BuaSnH or A~-S"8Us ; AlgN

derived from a Bu3SnH/AIBN or allyltri- CES“]:) ‘ N
butyltin/AIBN system on the selenium atom S¢ " BugSn- sé
of 1a, (ii) denitrogenation to form a vinyl radi- . 2a 1a

cal species (4a), (iii) the attack of the vinyl

radical (4a) on the selenium atom of another S
molecule of 1a, (iv) the elimination of the ni- C[ @ ' N=N -
Se’

trogen molecule, and (v) intramolecular cy-

S$nBug SeSnBus
clization of the vinyl radical to form 1,4-
diselenin (2a) and the regeneration of the
tributylstannyl radical. O\
On the basis of the proposed reaction path- SeSnBua Ny
way, we examined the synthesis of dihydro- N
selenophene (5) by the addition of the vinyl S ¢

radical species (4) to the carbon-carbon un- 1a
saturated double bond followed by intramolecular cyclization (Scheme 2). When 1a was allowed to react with

Scheme 2.
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an excess amount of ethyl acrylate (6a) (200 equiv.) in the presence of a catalytic amount of BuzSnH (0.05
equiv.)/AIBN (0.025 equiv.) at 80 °C for 5 h, the corresponding dihydroselenophene (5a), the 1:1 addition
product between 1a and 6a, was formed in 70 % yield along with the recovery of 1a (17 %) (Entry 1 in Table



2).13) The yield of 5a was
improved by the addition
of a small amount of hy-
droquinone in order to
prevent the oligomeriza-
tion of 6a (Entry 2).14)
Table 2 shows the results
of the tributylstannyl
radical-catalyzed reaction
of 1,2,3-selenadiazoles
with various olefins. Dur-
ing the reaction of methyl
acrylate, acrylonitrile and
methy! vinyl ketone, the
addition products were
also formed in 79 %, 67
% and 74 % yields, re-
spectively (Entries 3, 6
and 7). Methyl methacry-
late also gave the corre-
sponding dihydroseleno-
phene in 51 % yield with-
out the influence of the
substituent at the o posi-
tion (Entry 4). In contrast
to the reaction with me-
thyl methacrylate, when
methyl crotonate, in
which the methyl group is
substituted at the B-posi-
tion, was used as an ole-
fin, the addition of vinyl
radical species 4 to the
carbon-carbon double
bond was suppressed and
1,4-diselenin (2a) was
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Table 2. Reaction of 1,2,3-Selenadiazole with Olefin in the Presence of a Catalytic
Amount of BuzSnH and AIBN®

R
X+
R~ Se

cal. BuaSnH / AIBN R

X
cal. Hydroquinone le\/s?—
5

Benzene (2.5 mL)
1 80 °C, 5 hr
Entry 1,2,3-Selenadiazole  Olefin Product Yield / %"
N, PN
109 OI N (1ay 2 COOEt (6a) ®COOEt (5a) 70
Se Se
2 1a 6a 5a 86
3 1a 2 Co0Me @—coor\ne 79
Se
OOMe
COOMe se
50) 1a A cooMe (:Eé;coom 8
Se
6 1a /\CN OL/>—CN 67
Se
7 1a A CoMe mcom 74
Se
8 Z>pn m"h 76
Se

1a
N\
9 C[ N (6a) mCOOEt 66
A Se
N\
107 | °N (6a) | COOEt 26
Se . Se
) B (62)
119 ) a [
Sg\l Se

COOEt 2

a) Reaction conditions: selenadiazole (0.5 mmol), BuzSnH (0.025 mmol), AIBN
{0.0125 mmol}, hydroquinone (0.05 mmol) and benzene (2.5 mL) at 80 °C for 5 hr.
b) GCyield. c) in the absence of hydroquinone. d) 1a (17 %) was recovered.

e) 2a was formed in 75 % yield, predominanatly. f) 1,2,3-Selenadiazole (49 %) was
recovered. g) 1,2,3-Selenadiazole (52 %) was recovered.

formed as the main product (Entry 5). In the case of styrene, the addition product was formed in 76 % yield
(Entry 8). Furthermore, we examined the reaction of various 1,2,3-selenadiazoles with ethyl acrylate (200
equiv.) using a catalytic amount of BuzSnH and AIBN. Similar to cyclohexeno-1,2,3-selenadiazole, the 1,2,3-
selenadiazoles derived from cyclopentanone and cycloheptanone gave the corresponding dihydroselenophenes
in 66 and 26 % yields, respectively (Entries 9 and 10). In the case of the 1,2,3-selenadiazole derived from
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cyclooctanone, the yield of the addition product was very low (Entry 11).

It is interesting to note that the tributylstannyl radical has excellent catalytic activity for the degradative dimer-
ization and for the reaction of 1,2,3-selenadiazoles with olefins. Further studies on application of the tributylstannyl
radical-catalyzed reaction are currently underway. y
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