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Oxyselenation of Cyclo -octa- 1,5 -diene. Solvent-controlled Formation of 
9-Oxabicyclo- E3.3.11- and - [4.2.1] -nonane Derivatives 

By SAKAE UEMURA,* AKIO TOSHIMITSU, TOSHIAKI AOAI, and MASAYA OKANO 
(Institute for Chemical Research, Kyoto University, Uji, Kyoto, Japan)  

Summary Reaction of cyclo-octa- 1,5-diene with phenyl 
selenocyanate in alcohol or aqueous tetrahydrofuran in 
the presence of copper(I1) chloride produces an isomeric 
mixture of 2,6-bis(phenylseleno)-9-oxabicyclo [3.3.l]-non- 
ane and 2,5-bis(phenylseleno)-9-oxabicyclo [4.2. llnonane 
in good yield, the isomer ratio being solvent dependent. 

RECENTLY oxyselenation of olefins using aryl or alkyl 
selenocyanates with a copper or nickel halide has been 
reported to afford the corresponding p-oxyselenides in high 
yields.' We have now found that application of this 
reaction to cyclo-octa-1,5-diene (1,5-cod) gave the seleno- 
substituted isomeric oxabicyclononanes { [3.3.1] and C4.2.13 } 
in good yields and that a suitable choice of solvent resulted 
in the selective formation of each isomer.2 This is the first 
example of a solvent-controlled preparation of these 
isomers and has not been achieved in reactions with other 
electrophiles such as merc~ry,39~ i ~ d i n e , ~ , ~  or H+,6 and may 
be another characteristic feature of organoselenium chem- 
istry in which we are currently interested.'.' 
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By heating an alcohol solution of 1,5-cocl (1 mol. equiv.) 
and phenyl selenocyanate (2 mol. equiv.) in the presence of 
copper(1r) chloride, an isomeric mixture of 2,G-bisiphenyl- 
seleno)-9-oxabicyclo[3.3.1 Jnonane (1) and 2,5-bis(phenyl- 
seleno)-9-oxabicyclo [4.2. llnonane (2) was formed. The 
isomer ratio (1): (2) depended on the alcohol utilized; 
i.e., (1) was the major product in methanol and (2) in 
t-butyl alcohol. When aqueous tetrahydrofuran (THF) 
was used as solvent, (2) became the sole product. Typical 
results are shown in the Table. If this reaction is coni- 

TABLE. Oxyselenation of cyclo-octa-1,5-dienea 

% Yield of (1) + (2)b  Solvent (10 ml) Isomer ratio 
(1) : 

MeOH 62 95:5 
EtOH 62 90: 10 
PriOH 73 82: 18 
ButOH 44 38 : 62 
THF-HsO(9: I) 68 0 : 100 

Carried out using 1,5-cod (5 mmol), PhSeCN (10 mmol), and 
CuC1, (5 mmol) under reflux for 5 h. b Isolated yield. Both (1) 
and (2) gave satisfactory analytical and spectral data: m.p. of (l), 
84-85 "C (n-hexane) ; m.p. of (2),  97-5-984 "C (n-hexane). 
CDetermined by comparison of peak heights of the signals 
(13C n.m.r. spectra) due to carbon atoms attached to oxygen or 
selenium: (l), 8 44.5 (d, CHSe) and 69.1 p.p.m. (d, CHO); (2),  
40.1 (d, CHSe) and 81-Op.p.m. (d, CHO). 

parable with the oxyselenation of other olefins by this 
method,l i t  should proceed through alkoxy- or hydroxy- 
selenation of one double bond, followed by intramolecular 
attack of the alkoxy or hydroxy group upon the episelenon- 
ium ion formed at  the other double bond by the attack of 
phenyl selenocyanate. In order to confirm this we have 
prepared 5-methoxy- and 5-hydroxy-6-phenylselenocyclo- 
octene, (3) and (4) respectively, separately and treated both 
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with phenyl selenocyanate and copper( 11) chloride in 
methanol or aqueous THF under reflux for 5 h. Consistent 
with the results described above, (1) was the major product 
formed from (3) (R = Me) using methanol as solvent (62% 
isolated yield), while in aqueous THF (2) was the sole 
product (81 yo isolated yield). 
-4 similar clear-cut difference of selectivity for the 

[3.3.1]- or [4.2.l]-ring framework was also observed when 
this oxyselenation was applied to 5-methosy- and 5-hydr- 
oxy-cyclo-octene, (5 )  and (6) respectively. The product 
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was a mixture of 2-phenylseleno-9-oxabicyclo [3.3. llnon- 
ane (7) and 2-phenylseleno-9-oxabicyclo [4.2. llnonane (8). 
Compound (7) was the main product formed when (5) was 
treated in methanol [SOYo yield, (7) : (8) = 89: 113,t while 
(8) was the major product formed when (6) was treated in 
aqueous THF [99% yield, (7) : (8) = 19: 8lI.t The slightly 
lower selectivity for (8) compared to that for (2) was 
attributed to isomerization between (7) and (8). In fact, a 
slow isomerization of (8) to (7) was observed under the 
conditions employed which was accelerated by the addition 
of hydrogen chloride; i.e., almost pure (8) isomerized to a 
mixture of (7) and (8) [(7) : (8) = ca. 4 :  13 when heated in 
methanol containing HCl for 5 h. In contrast, no isomeriza- 
tion between (1) and (2) took place. 

The reason for this clear-cut difference of selectivity in 
these reactions is not yet clear, but the difference of sta- 
bility in the intermediate oxonium ion which has hydrogen 
or an alkyl group as the leaving group seems to be the deter- 
mining factor. 

Application to other dienes such as diallyl ether and 
hexa-l,&diene resulted in the formation of normal /3-oxy- 
selenides in most cases. However, when the reaction was 
carried out in t-butyl alcohol, 2,6-bis(phenylselenomethyl)- 
1,4-dioxan (25% isolated yield) and 2,5-bis(phenylseleno- 
methyl) tetrahydrofuran (27% isolated yield) were selec- 
tively obtained from diallyl ether and hexa-l,5-diene, 
respectively. 

Since arylseleno groups can be easily removed by oxida- 
tion or reduction,* this may be a useful method for produc- 
ing a suitable cyclic ether or cyclic allylic ether. 

(Received, 10th April 1979; Corn. 391.) 

t Yields were determined by g.1.c. analysis. Both (7) and (S), isolated by column chromatography (silica gel; eluant, n-hexane- 
13C N.m.r. ethyl acetate), gave satisfactory analytical and spectral data. 

data (6 )  : (7),  45.1 (d, CHSe), 66.3 (d, CHO), and 69.6 p,p.m. (d, CHO) ; (8), 48.6 (d, CHSe), 76.1 (d, CHO), and 81.1 p.p.m. (d, CHO). 
The isomer ratio was determined as for (1) : (2) (see Table). 
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