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Selenoaldehydes and selenoketones were generated in situ, by treating aldehydes or ketones, respectively, with
bis(1,5-cyclooctanediylboryl) selenide; the resulting selenocarbonyl compounds were trapped with 2,3-dimethyl-1,3-
butadiene to give the corresponding [4+2] cycloadducts. The treatment of amides, an ester, and ketones possessing bulky
substituents with the reagent also afforded the corresponding selenoamides, a selenoester, and sterically protected selones,
respectively, in modest yields. On the other hand, a similar treatment of cinnamaldehyde with the reagent gave the 2,
3-dihydroselenophene derivative, which originated from a [4+2]-type self-dimerization of in situ generated 3-phenyl-2-

197

propeneselenal.

The one-step conversion of carbonyl compounds to the
corresponding selenocarbonyl compounds using selenium-
containing reagents is one of the most important concerns
in organic heteroatom chemistry.'—'® In most cases, such
reagents include reactive selenium—metal or selenium—het-
eroatom bonds which behave as synthetic equivalents of
H,Se. However, among such types of reagents, the synthe-
ses of boryl selenides and boryl metal selenides have been
achieved mainly based on structural interest'* % in spite
of their potential to promote oxygen—selenium exchange re-
actions caused by their affinity to oxygen functionalities,
due to their Lewis-acid character. Exactly, some boryl se-
lenides were thought to play some essential roles in the con-
version of carbonyl compounds to the corresponding sele-
nocarbonyl compounds by a combined treatment with [(c-
C6H11)3SH]236—BCI35) or [(CH3)3Si]2$6‘BF3'OEtz.g) It was
naturally expected that a structural modification of such al-
kylboryl selenides using relatively sterically crowded dial-
kylboranes would be sufficiently effective to reduce their
air-lability of the reagents based on so-called steric protec-
tion, as is commonly known to be the case with general
dialkylboranes and alkylhaloboranes. During our studies
concerning the syntheses of selenocarbonyl compounds us-
ing reagents which possess the ability to introduce selenium
functionalities to organic compounds, we previously reported
on the efficient one-step conversion of various carbonyl com-
pounds to the corresponding selenocarbonyl compounds by
treating with bis(1,5-cyclooctanediylboryl) selenide (1), as
shown in Scheme 1.72?® Herein, we describe the details con-
cerning the reactions using 1.

Results and Discussion

Preparation of Bis[1,5-cyclooctanediylboryl] Selenide
(1).  Bis(1,5-cyclooctanediylboryl) selenide (1) was pre-
pared by treating 9-borabicyclo[3.3.1]nonane (9-BBN) with
1 molar amount of elemental selenium in benzene, toluene,
or mesitylene at about 150 °C for 2 h in a sealed tube based
on the Koster’s method (Scheme 2).2? However, the isola-
tion of 1 was rather difficult due to the lability of 1 toward
exposure to air. Thus, the resulting yellow-colored solution
of the reaction mixture of 9-BBN and elemental selenium
was used for subsequent reactions with carbonyl compounds
without the isolation of 1. The contents of 1 in the reaction
mixture were also estimated on the basis of the amount of
the starting 9-BBN in all cases.

Treatment of Aldehydes or Ketones with Bis(1,5-cy-
clooctanediylboryl) Selenide (1). A dichloromethane, a
benzene, or a toluene solution of aldehydes or ketones (2)
was treated with a yellow-colored solution containing 1.2—
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2.0 molar amount of bis(1,5-cyclooctanediylboryl) selenide
(1), resulting from the reaction of 9-BBN with elemental se-
lenium, and an excess amount of 2,3-dimethyl-1,3-butadiene
under an Ar atmosphere at 80—110 °C for several hours in a
sealed tube. After cooling to room temperature, the reaction
was quenched with an aqueous sodium bicarbonate solution,
and subjected to the usual workup. In all cases, the subse-
quent chromatographic separation of the crude products on
silica gel gave [4+2] cycloadducts (4) of the in situ generated
selones with the diene in modest to high yields besides the
starting ketones and diselenides 5. All of the physical data
concerning the products, including the MS, IR, "HNMR, and
I3C NMR spectra, were fully consistent with the structures of
5,6-dihydro-2H-selenins 4,229 the data concerning 4a and
4f were also identical with those of the reported data. The
elemental-analysis data of these products also satisfied the
structures of 4. All of the results concerning the reactions
are given in Table 1. However, the [4+2] cycloadducts 4
were labile toward exposure to the air, and caused a gradual
decomposition to give a complex mixture during storage in
most cases, except for 4g.

On the other hand, when benzaldehyde (2a) was treated
with a solution of 1 in a similar way to that described above
in the absence of a diene, dibenzyl diselenide (5a, 44% yield)
was mainly afforded”” and 2,4,6-triphenyl-1,3,5-triselenane,
the trimer of selenobenzaldehyde (3a), was not found at
all in the crude reaction mixture (Scheme 3).” This result
indicated that reagent 1 possesses a strong reducing ability
toward selenocarbonyl compounds. We have already found
that the treatment of benzaldehyde (2a) with (Me3Si),Se”
or (Me,SnSe);'? and a Lewis acid gave dibenzyl diselenide
(5a). In those cases, Lewis acids behaved not only as an
activator of the reagents, probably by weakening the Si—Se
and Sn—Se bonds of the reagents to generate some reactive

Table 1.
Excess Amount of 2,3—Dimethyl-1,3—butadienea)

Bis(1,5-cyclooctanediylboryl) Selenide

CHO Se}‘
2

1 (1.1 mol amt.)
benzene / CH,Clp

2a 110°C, 5h 5a (44%)

Scheme 3.

+ 2a (49%)

species related to the selenide ion, but also as a catalyst
for the acid-induced ring fission of 1,3,5-triselenanes.” It
was thus assumed that 1, possessing an inherent Lewis acid
character, might cause similar reactions under the conditions
mentioned above without adding a Lewis acid. In any case,
reagent 1 caused a further reduction of in situ generated se-
lenobenzaldehyde (3a) to give diselenide Sa, even if only a
1.1 molar amount of 1 was treated with 2a.

Treatment of Amides or Ethyl Benzoate with Bis(1,5-
cyclooctanediylboryl) Selenide (1).  When N, N-dimeth-
ylformamide (6a), N, N-diisopropylformamide (6b), or N,N-
dimethylacetamide (6¢) was treated with a benzene, a tolu-
ene, or a mesitylene solution of 1 in a sealed tube at room
temperature or at a higher temperature under an Ar atmo-
sphere, the corresponding selenoamides 8a—c¢ were obtained
in modest-to-low yields in all cases.'®'" All of the physical
properties of 8a—c, including the MS, IR, and THNMR spec-
tra, were fully consistent with the structures of selenoamides
8a—c, and were identical with those of the reported physical
data. The structures of selenoamides 8a—c were also con-
firmed based on the conversion to the corresponding amides
by treating a dichloromethane solution of the selenoamides
with mCPBA (1.2 mol amt.) at 0 °C.%3*

Interestingly, the conversion of 6a to 8a was carried out
even at room temperature, and the yield of 8a was lowered
by a treatment of 6a with 1 at a higher temperature. On the
other hand, the treatment of 6b, 6¢, or 6d with 1 at room
temperature only gave the recovery of the substrates, and a

Reaction of Bis(1,5-cyclooctanediylboryl) Selenide (1) with Aldehydes and Ketones (2) in the Presence of an

Se
o 1 (1-2 mol amt.) Se Se 9_
/U\ ( > | * )\ : R' JL R2
R R? H( gmolamt) R L, R R?
2 5
Substrate 1 Solvent® Temp  Time Yield/%®
R R? 2 mol amt. °C h 4 5 2
CsHs H 2a 1.2 Benzene/CH,Cl, 110 18 79 (4a)  Trace(5a) O
CeHs H 2a 1.2 Benzene 110 3 64 (4a) 0 19
CeHs H 2a 1.2 Toluene Reflux? 18 30 (4a) 0 16
p — CICcH,4 H 2b 2.0 Benzene/CH,Cl, 110 18 70 (4b) Trace (5b) -
p—CH30C¢H,y H 2c 1.2 Benzene/CH,Cl, 110 8 51 (4¢) Trace (5¢) —9
CeHs CH; 2d 2.0 Benzene/CH,Cl, 80 15 54 (4d) -9 —°
CsHs CHs 2 2.0 Benzene/CH,Cl, 80 24 81 (4e) ) -9
CsHs CeHs  2f 2.0 Benzene/CH,Cl, 110 24 96 (4f) —9 -9
2g 2.0 Benzene/CH,Cl, 110 48 84 (4g) - -

a) All reactions were carried out in a sealed tube.

mixture was heated at refluxing temperature under an Ar atmosphere.

b) Benzene : dichloromethane (v/v)=1:1.

c) Isolated yields. d) The reaction

e) Not determined.
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higher temperature was needed to convert 6b or 6c¢ to the
corresponding selenoamides. It was supposed that the steric
bulkiness around the amide moiety of the substrates might
affect the reactivity with 1, which possesses a bulky dialkyl-
boryl substituent. In contrast, the treatment of N,N-dimeth-
ylbenzamide (6d) with 1 at a higher temperature only gave
a complex mixture containing Se-benzyl benzenecarbosele-
noate (10d, 28%) along with the recovery of 6d. Dibenzoyl
diselenide (11d) was also obtained from the aqueous layer in
6% yield after acidification with an excess amount of aqueous
hydrochloric acid and a subsequent extraction.

It was naturally assumed that amides 6 reacted with 1 dur-
ing the primary stage to give complexes A and B. Complex
A, bearing a B-O interaction, was thought to be converted
into selenoamides 8 through the usual oxygen—selenium ex-
change reaction. On the other hand, complex B, possessing a
strong interaction of the nitrogen atoms of the substrates with
the trivalent boron atoms of 1, was assumed to cause a facile
elimination of the dialkylamino groups to generate benzene-
carboselenoic acid derivatives C (R =Ph), which caused a
hydrolytic cleavage and subsequent aerobic oxidation dur-
ing the workup to give dibenzoyl diselenide (11d (R! =Ph)).
Furthermore, the formation of Se-benzyl benzenecarbosele-
noate (10d (R' =Ph)) also suggested that reagent 1 caused a
further reduction of C at an elevated temperature to give the
phenylmethaneselenolate anion (D (R =Ph)), which caused
a nucleophilic attack toward the carbonyl carbon atoms of
the amide-boron complex B. In any case, it was supposed
that the strong coordinating interaction of the boron atom of
1 with the nitrogen atom of the amide group accelerated the
formation of C, rather than an oxygen-selenium exchange
reaction, and that the former reaction course might lower the
yields of the expected selenoamides 8 in all cases starting
from the amides (Scheme 4). A similar treatment of a di-
chloromethane solution of ethyl benzoate (7) with a benzene
solution of 1 also gave the corresponding selenoester 9 in
low yield along with the recovery of the substrate.!” It was
also supposed that the lower reactivity of ester 7 than that of
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amides 6 could also be attributed to the lower coordinating
ability of the oxygen atoms of the ester with the boron atom
of 1. All of the results concerning the conversion of amides
6 and ethyl benzoate (7) to the corresponding selenoamides
8 and ester 9 using 1 are given in Table 2.

One-Step Preparation of Sterically Hindered Selones.
The treatment of a dichloromethane solution of sterically hin-
dered chiral ketones (1,3,3-trimethylbicyclo[2.2.1]heptan-2-
one (d-fenchone, 12), 4,7,7-trimethylspiro[bicyclo[2.2.1]-
heptane-2,1’-cyclopentan]-3-one (13),**" and 1/,3’-dihy-
dro-4,7,7-trimethylspiro[bicyclo[2.2.1]heptane-2,2’-indan]-
3-one (14)*3?) with a benzene solution of 1 at 110—130 °C
for 3—4 d under an Ar atmosphere gave the corresponding
selones, 15,5377 17,*Y and 19 in 35, 33, and 38% yields, re-
spectively, as deep blue o1l (17) or deep blue crystals (15, 19),
as given in Table 3. In each case, an inseparable mixture of
stereoisomers of diselenides, 16, 18, or 20, was also afforded
in 5—41% combined yields along with the selones and the
recovery of the starting ketones (about 20—30% yields); the
isomeric ratios of diselenides 16, 18, or 20 were about 2: 1,
which were estimated from integrating the '"H NMR signals
of the methine protons adjacent to the selenium atoms. The
physical data concerning 15 were identical in all respects
with those of the reported data, and the physical data of 17
and 19, including MS, IR, "HNMR, and *C NMR spectra,
were also fully consistent with the structures of the selones.
Especially the 3C NMR spectra of 17 and 19 showed sig-
nificant singlet signals of the selenocarbonyl carbons at the
8 =290—300 ppm region.¥ "

In contrast to the case for the conversion of ketone
13 to the corresponding selone 17 using 1, all attempts
to convert 13 to 17 using our previously reported meth-
ods, in which [(CH3)3Si],Se~BF;5-OFEt,” or [(CH3),SnSe]s-
BF;3-OEt,-AlCl'» was treated with a ketone, were unsuc-
cessful. These results clearly demonstrated that reagent 1
possesses a strong ability to undergo oxygen—selenium ex-
change reactions toward sterically hindered ketones. It was
assumed that the Lewis-acid character of 1 caused an elec-
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Bis(1,5-cyclooctanediylboryl) Selenide

Table 2.  Synthesis of Selenocarbonyl Compounds by Treating Carboxylic Acid Derivatives with Bis(1,5-cyclooctane-
diylboryl) Selenide (1)*
o) Se [e] o]
1 (1.1 mol amt.)
R‘)l\ R2 > R A et R1)l\SeCH2R1 + R1)LSE>~
6,7 8,9 10 11 2
Substrate Solvent Temp  Time Yield/%

R R? 6,7 °C h 8,9 10 11 6,7

H N(CHs), 6a Toluene RT. 24 39 (8a) — - 0

H N[CH(CH3):]l»  6b Benzene/CH,CL,? 110 1 16 (8b) -9 -9 0
CH; N(CH3), 6c  Mesitylene/CHCI;® 63 5 34 (8¢) —9 —° 0
CeHs N(CH3); 6d  Benzene/CH,ClLY Reflux”? 18 0(8d) 28(0d) 6(11d) 28¢
CsHs N(CHz), 6d Mesitylene 60 5 0(8d) 25(10d) — 67%
CsHs 0C,Hs 7" Benzene/CH,CLY 130 10 14 (9) - -9 81¢

a) All reactions were carried out in a sealed tube.
e) Mesitylene : chloroform (v/v)=1: 1.

b) Isolated yields.
f) The reaction mixture was heated at refluxing temperature under an Ar atmosphere.

¢) Notisolated. d) Benzene :dichloromethane (v/v)=1:1.

g) A trace amount of dibenzyl diselenide (5d) was obtained. h) The reaction was performed in the presence of 24 molar amount of

2,3-dimethyl-1,3-butadiene.

Table 3.  Synthesis of Selones by Treating Sterically Hindered Ketones (12—14) with Bis(1,5-cyclooctanediylboryl)
Selenide (1)
1 1 1 1 1 1
R R " R R P R R a2
- Reagent (1.1 mol amt.) R+ A2
benzene / CH2Cl2
o 130 °C, 72-96 h, Ar Se Se %;
12 -14 15,17, 19 16, 18, 20
Substrate Reagent Yield/%"
R! R? Selone Diselenide® (ratio)® Recovery
H CH; 12 1 5(15) 41 (16)° 10
CH3 —(CHy)a— 13 1 317 16(18,2:1: 1) 25
CH; 0C¢Hu(CHy), 14 1 8 (19) 5(20)° 20
CH3 —(CHy)s— - 13 (MesSi),Se-BF;-OEt; 07 0(18) Quant.
CH; —(CHa)s4— 13 (Me;SnSe);—BF;-OEL—AICI; 017) 0(18) Quant.

a) All reactions were carried out in a sealed tube.

b) Isolated yields.

¢) Combined yields of the distereomeric mixture of

diselenides. d) The ratios of exo,exo : exo,endo : endo,endo-diselenides were estimated from the integration of the 'H NMR spectra

of the crude mixtures.

tronic interaction between the alkylboryl moiety of 1 with the
carbonyl oxygen atoms, and that the B~O interaction might
overcome the steric interaction between the reagent and the
substrates, even if the carbonyl groups of the substrates were
highly hindered.? It is also noteworthy that the conversion of
13 and 14 into the corresponding hydrazones was completely
unsuccessful based on a treatment with hydrazine monohy-
drate, in contrast to the case of d-fenchone (12), due to the
steric hindrance of the carbonyl moiety of 13 and 14. Thus,
the methods of Barton®® and Guziec,* in which the treat-
ment of ketone hydazones with diselenium dihalides, such
as Se,Br, or SepCl,, was included in the procedure, were
unable to be applied to the synthesis of selones 17 and 19.
In addition, 17 and 19 were very stable toward exposure to
air and the irradiation of sunlight, in contrast to 15, which
gradually decomposed to d-fenchone (12) with the extrusion
of elemental selenium during storage under aerobic condi-
tions. Treating these ketones with reagent 1 in the presence

e) The ratio of the isomers was not determined.

of an excess amount of 2,3-dimethyl-1,3-butadiene gave only
the same selones, 15, 17, or 19, respectively, and no [4+2]
cycloadducts originating from the selones were found in the
reaction mixture in all cases. These results indicated that
the steric protection was much effective for stabilizing these
selones toward various reagents.

Treating a THF solution of selones, 15, 17, or 19, with an
excess amount of lithium aluminum hydride at room temper-
ature, followed by exposing the reaction mixture to air, gave
an inseparable mixture of the stereoisomers of diselenides
16, 18, or 20, respectively (Table 4); also the "HNMR spec-
tra of these diselenides were identical to those of the major
stereoisomers of the diselenides afforded as by-products of
the reactions of 12—14 with 1. Especially, the treatment of
a THF solution of 17 or 19 with super hydride (LiEt;BH, 2.2
mol amt.) in place of lithium aluminum hydride predomi-
nantly afforded exo-diselenides, 18 or 20, respectively. The
'"HNMR spectra of 18 and 20 revealed sharp singlet signals
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Table 4. Reduction of Selones 15, 17, and 19 with Various Reducing Agents®

Bull. Chem. Soc. Jpn., 70, No. [ (1997)

Rl _R' R'._R
2
R? 1) Reducing Agent R
/ R? Al R2
se 2[0] Se
15, 17, 19 16, 18, 20
Selone Reducing agent Solvent  Temp  Time Yield/%"
R R? (mol amt.) °C h Diselenide (ratio)*? Recovery
H CH; 15 LiAlHs 0) THF R.T. 7 Quant. (16)° 0
CH3 —(CHa2)4— 17 LiAlH4 (20) THF R.T. 4 73 (18,2:1:1) 0
CH3 —(CHy)a— 17 LiEsBH (2.2) THF Reflux 7 70 (18,50:1: )P 0
CH; —(CHy)a— 17 9-BBN (2.2) THF R.T. 21 15 (18,2:1:1) 78
CH; —(CHy)4— 17 NaTeH (2.2)¥ CH;0H 50 4 20 (18,2:1:1) 68
CH; —(CHp)s— 17 EtSiH 2.2)"  Hexane Reflux 22 7 (18,.2: 1:1) 84
CHs o0—-C¢Hsa(CH,-)2 19 LiEBH (2.2) THF Reflux 3 76 (20)" 0

a) All reactions were performed by treating selones with a reducing agent under the condition shown in the table, and the resulting
reaction mixtures were exposed to air with vigorous stirring.  b) Isolated yields. ¢) Combined yields of the stereoisomers. d) The
ratios of exo,exo : exo,endo : endo,endo-diselenides were estimated from the integration of the 'H NMR spectra of the crude mixtures.
e) 16 was afforded as a single isomer, and the stereochemistry of 16 was assumed to be endo,endo by the method as mentioned in the
text. f) Exo,exo-18 was obtained in 64% yield after recrystallization. g) Prepared by treating elemental tellurium with NaBHy4 in
water under an Ar atmosphere, and then a methanolic solution of 17 was added to the reaction mixture. h) A hexane solution of 17
was treated with Et3SiH (2.2 mol. amt.) and AIBN (0.22 mol amt.) at refluxing temperature. i) The isomeric ratio of 20 was not
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determined. However, exo,exo-20 was obtained in 64% yield after recrystallization of the crude product.

at 0 =3.29 and 2.70, respectively, and both signals were as-
signed to the endo protons at the C-3 position, lacking the
W-type long-range coupling. An NOE experiment of 18
also revealed the signal of an endo proton at the C-3 position
located near to the endo proton at the C-5 or C-6 position.
On the other hand, the '"HNMR spectrum of 16 revealed a
sharp doublet at 6 =3.10; the J value of the signal, probably
due to the W-coupling of the exo proton at the C-3 position,
was 3.0 Hz. However, the stereochemistry of 16 was not
finally determined based on the physical data. In any case,
it was indicated that the nucleophilic attack of super hydride
from the less hindered side of the selone moiety of 15, 17,
and 19 afforded endo, endo-16, exo,exo-18, and exo,exo-20,
respectively, with excellent stereoselectivity.’**** On the
other hand, the treatment of selone 17 with other reducing
agents, such as NaTeH, 9-BBN, or Et;SiH-AIBN, only gave
a mixture of stereoisomers of 18 with low stereoselectivity,
and the isomeric ratios of 18 were similar to those of the
diselenides 18 given as the by-products of the reaction of 14
with 1. From these results (as shown above), it has become
apparent that selones 15, 17, and 19 were easily reduced to
give selenolate ions by a further reduction of selones with
reagent 1 and by the treatment of selones with various re-
ducing agents. The lower stercoselectivity of the reduction
of selones with 1, in contrast to the case of using a super
hydride reduction, suggested that the reduction might pro-
ceed through either a selenophilic attack of 1 to the selenium
atoms of the selones or through a non-ionic, electron-transfer
process.

Treatment of Cinnamaldehyde with Bis(1,5-cyclooc-
tanediylboryl) Selenide (1).  The treatment of a dichlo-
romethane solution of cinnamaldehyde (21) with a benzene
solution of 1 at 110 °C for 18 h in a sealed tube under an Ar

atmosphere afforded an unexpected heterocyclic compound,
3-phenyl-2-styryl-2,3-dihydroselenophene (23), in 44% yield
along with a trace amount of the isomeric compound of 23
(Scheme 5). The treatment of 21 with 1 in the presence of
an excess amount of 2,3-dimethyl-1,3-butadiene in a similar
manner also afforded the same product 23 in 51% yield. All
of the physical data, including the MS, IR, "THNMR, and
3CNMR spectra, were fully consistent with the structure
of 23. The relative stereochemistry of the substituents at
the C-2 and C-3 positions was also determined to be trans
by an NOE experiment, in which no NOE was observed
between two protons at the C-2 and C-3 positions. Segi
has already reported on the conversion of cinnamaldehyde
into a mixture of stereoisomers of 1,2-diselenin derivative
24 (major : minor = 82 : 18, however, the relative configura-
tions of the isomers were not determined),*” the [4+2]-type
self-condensed dimer of 3-phenyl-2-propeneselenal (22), by
treating with (Me; Al),Se. Actually, the extrusion of elemen-
tal selenium from the reaction mixture and the crude product
resulting from the reaction of 21 with 1 was observed dur-

M0 4 (1.2 mol amt.)

H (10 mol amt.)

+ others

21 benzene / GHyCly 23 (51%)
110°C, 18 h
. Se
Se Se |
Y
(j/\)\H |O
22 24 O
Scheme 5.
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ing the steps of the workup and chromatographic purification.
Based on the results, it was suggested that 23 could be formed
by the selenium extrusion of the initially formed 24, and that
the stereoisomeric mixture of in situ formed 24 might afford
a mixture of rrans-23 and cis-23, from which frans-23 was
finally isolated, probably due to the easily crystallizing na-
ture of trans-23. It was assumed that the minor isomer of 23
might be excluded out during the usual chromatographic pu-
rification and recrystallization steps. However, the treatment
of 21 with 1 under milder reaction conditions only gave the
recovery of 21, and attempts to isolate 24 from 21 and 1 were
not successful at all in our case.

Conclusion. In conclusion, various selenocarbonyl
compounds were efficiently synthesized by treating carbon-
yl compounds with a solution of bis(1,5-cyclooctanediylbo-
ryl) selenide (1), prepared from 9-borabicyclo[3.3.1]nonane
(9-BBN) with elemental selenium. Further applications of
the sterically hindered selones, 17 and 19, for the chiral
auxiliary of asymmetric syntheses are now in progress in our
laboratory.

Experimental

Instruments. The melting points were determined with a Biichi
535 micro-melting-point apparatus. 'HNMR spectra were recorded
on a Hitachi R-22 (90 MHz) or a Bruker AC-400P (400 MHz)
spectrometer, and the chemical shifts of the '"HNMR spectra are
given in & relative to internal tetramethylsilane (TMS). *C NMR
spectra were recorded on a Bruker AC-400P (100 MHz). Mass
spectra were recorded on a Hitachi M-2000 mass spectrometer
with electron-impact ionization at 20 or 70 eV using a direct inlet
system. IR spectra were recorded for thin-film (neat) or KBr disks
on a JASCO FT/IR-7300 spectrometer. The optical rotations were
recorded on a JASCO DIP-1000 digital polarimeter. Elemental
analyses were performed using a Yanagimoto MT-3 CHN analyzer.

Materials. Column chromatography was performed using
silica gel (Merck, Cat. No. 7734 or 9385) without a pretreatment.
Dichloromethane and chloroform were dried over P4O1¢, and were
freshly distilled before use. Benzene, toluene, hexane, and mesity-
lene were dried over CaH, and freshly distilled before use. All of the
substrates and reagents (including elemental selenium, elemental
tellurium, 9-borabicyclo[3.3.1]nonane dimer (9-BBN), 2,3-dimeth-
yl-1,3-butadiene, benzaldehyde, p-chlorobenzaldehyde, p-anisal-
dehyde, acetophenoné, propiophenone, benzophenone, fluorenone,
cinnamaldehyde, d-fenchone, d-camphor, 1,4-dibromobutane, o-
phenylenebis(methylene) dichloride, N, N-dimethylformamide, N,
N-diisopropylformamide, N,N-dimethylacetamide, N, N-dimethyl-
benzamide, ethyl benzoate, sodium amide, lithium aluminum hy-
dride, super hydride (LiEt; BH), sodium borohydride, triethylsilane,
2,2-azobis(isobutyronitrile) (AIBN), and hydrazine monohydrate)
were commercially available reagent grade, and were used without
any pretreatment.

Preparation of Bis(1,5-cyclooctanediylboryl) Selenide (1). A
benzene, toluene, or mesitylene solution (50 ml) of 9-borabicy-
clo[3.3.1]nonane (805 mg, 3.30 mmol) was treated with selenium
powder (261 mg, 3.30 mmol) under an Ar atmosphere, and the
reaction mixture was sealed in an autoclave and then heated at 150
°C for 2 h. After cooling the reaction mixture to room temperature,
the resulting yellow solution was subjected to a direct treatment
with various substrates without the isolation of 1.

General Procedure for the Treatment of Aldehydes and Ke-
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tones with Bis(1,5-cyclooctanediylboryl) Selenide (1) in the Pres-
ence of an Excess Amount of 2,3-Dimethyl-1,3-butadiene. A
dichloromethane, a benzene, or a toluene solution of aldehydes or
ketones (2, 3.00 mmol) was treated with a benzene or toluene so-
lution (15 ml) of bis(1,5-cyclooctanediylboryl) selenide (1, 3.30
mmol) and an excess amount of 2,3-dimethyl-1,3-butadiene (1.478
g, 18.0 mmol); the reaction mixture was heated at 80—110 °C
for several hours in a sealed tube. After cooling the reaction mix-
ture to room temperature and treating with an aqueous NaHCO;
solution, the reaction mixture was extracted with dichloromethane.
The organic layer was washed with brine and dried over anhy-
drous Na;SO4. A crude yellow oil was obtained upon removing
the solvent in vacuo. The resulting products were purified using
column chromatography on silica gel to obtain 5,6-dihydro-2H-
selenins 4 in high-to-modest yields along with a trace amount of the
corresponding diselenides 5.

4a (R'=C¢Hs, R?=H):***>  Yellow oil; MS m/z 252 (M"; bp,
80Se); IR (neat) 3027, 2915, 1600, 1493, 1451, 1160, 764, 697
em™ ' 'THNMR (CDCl3) 6 =1.74 (3H, ), 1.83 (3H, s), 2.48-2.75
(2H, m), 3.09 (1H, d, J=14.7 Hz), 3.41 (1H, d, J=14.7 Hz), 4.18
(1H, dd, J =10.4, 4.0 Hz), 7.19—7.35 (5H, m); >*CNMR (CDCl3)
6 =19.8 (@), 20.7 (q), 24.1 (1), 38.5 (d), 40.8 (t), 124.7 (s), 126.8
(d), 127.4 (d), 128.5 (d), 129.3 (s), 143.5 (s). Found: C, 61.85; H,
6.38 %. Calcd for C;3Hi6Se: C, 62.15; H, 6.42 %.

4b (R'=p-CICe¢H,, R*=H):  Yellow oil; MS m/z 286 (M*; bp,
¥Se); IR (neat) 2988, 2915, 1490, 1407, 1089, 1014, 829, 738, 528
em™'; 'THNMR (CDCl3) 6 =1.73 (3H, s), 1.82 (3H, s), 2.48 (1M,
dd, J=16.6, 3.1 Hz), 2.65 (1H, dd, /=18.2, 9.5 Hz), 3.07 (1H, d,
J=14.8 Hz), 3.37 (1H, d, J=14.8 Hz), 4.15 (1H, dd, /=10.0, 4.1
Hz), 7.21-—7.30 (5H, m); *C NMR (CDCl3) 6 =19.7 (q), 20.7 (q).
23.9 (dd), 37.6 (d), 40.5 (dd), 124.9 (s), 128.5 (d), 128.7 (d), 129.0
(s), 132.3 (s), 142.1 (s). Found: C, 54.42; H, 5.20 %. Calcd for
C3H;5ClSe: C, 54.66; H, 5.29 %.

4c (R'=p-CH3;0CeHy, R?<H):  Yellow oil; MS m/z 282 (M*:
bp, *°Se); IR (neat) 2995, 2921, 1610, 1511, 1463, 1251, 831
ecm™'; "THNMR (CDCl3) 8 =1.76 (3H, s), 1.81 (3H, s), 2.47 (1H,
dd, J=16.8, 2.9 Hz), 2.68 (1H, dd, J=13.6, 10.7 Hz), 3.06 (1H, d,
J=15.0Hz), 3.75 (3H, s), 4.15 (1H, dd, J=10.5, 3.9 Hz), 6.82 (2H,
m), 7.26 (2H, m); *CNMR (CDCl) é =19.7 (), 20.7 (q), 24.0
(1), 37.7 (d), 40.9 (1), 55.1 (q), 113.7 (d), 129.2 (d), 135.4 (s), 158.3
(s). Found: C, 59.65; H, 6.32 %. Calcd for C;4H,30Se: C, 59.79;
H, 6.45 %.

4d (R'=C¢Hs, R*=CH3):  Yellow oil; MS m/z 266 (M*; 96%,
$0Se), 184 (M"—Se; bp); IR (neat) 2890, 1590, 1490, 1440, 1370,
1150, 1100, 1030, 690 cm™'; '"HNMR (CDCL) 8 =1.75 (3H, s),
1.78 (6H, br.s), 2.47 (1H, d, J=17.0 Hz), 2.81 (1H, d, /=17.0 Hz),
295(1H,d,J=15.2 Hz),3.05 (1H, d, J=15.2 Hz), 7.13—7.20 (1H,
m), 7.21—7.30 (2H, m), 7.46—7.50 (2H, m); "*C NMR (CDCl3)
6 =19.8 (q), 21.1 (q), 23.8 (1), 30.7 (q), 42.3 (s), 47.0 (1), 123.8
(s), 126.2 (d), 126.4 (d), 127.9 (d), 128.2 (s), 147.4 (s). Found: C,
63.10; H, 6.72 %. Calcd for CisHisSe: C, 63.39; H, 6.84 %.

de (R'=C6Hs, R?=C:Hs):  Yellow oil; MS m/z 280 (M*; 36%,
%0Se), 199 (M*—Se; bp); IR (neat) 2900, 1590, 1480, 1440, 1370,
1150, 1070, 1030, 690 cm™'; "THNMR (CDCL) 6 =0.75 (3H, ¢,
J=17.5Hz), 1.73 (3H, br.s), 1.77 (3H, br.s), 2.02 (1H, dq, /= 14.4,
7.5 Hz), 2.14 (1H, dq, J=14.4, 7.5 Hz), 2.64 (1H, brd, J=17.0
Hz), 2.75 (1H, br.d, J=17.0 Hz), 2.87 (1H, br.d, /= 15.0 Hz), 2.92
(1H, br.d, J=15.0 Hz), 7.13—7.31 (3H, m), 7.40—7.44 (2H, m);
BCNMR (CDCl3) 8 =9.3 (), 19.8 (q), 21.1 (q), 23.2 (1), 36.2 (1),
43.5 (1), 48.3 (s), 124.3 (s), 126.0 (d), 127.3 (d), 127.8 (d), 128.0
(s), 145.0 (s). Found: C, 64.17; H, 7.06 %. Calcd tor C;5HyoSe: C,
64.51; H, 7.22 %.
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4f (R'=R*=CcHs):™®  Yellow oil; MS m/z 328 (M*; 23%, ¥'Se),
247 (M*—Se; bp); IR (neat) 3057, 2912, 1599, 1491, 1444, 1085,
1033, 747,697 cm™'; "HNMR (CDCl3) 6 =1.70 (6H, 5), 2.84 (2H,
br.s), 2.94 (2H, br.s), 7.15 (2H, d, J=7.15Hz), 7.21 (4H, dd, J=7.7,
7.1 Hz), 7.32 (1H, d, J=7.7 Hz); *CNMR (CDCl;) & =20.0 (q),
20.7 (q), 24.6 (1), 47.6 (1), 51.8 (s), 124.5 (s), 126.4 (d), 127.9 (d),
128.2 (d), 128.8 (s), 147.0 (s). Found: C, 69.47; H, 6.02 %. Calcd
for Ci9HySe: C, 69.72; H, 6.16 %.

4g (R'=R*=-C¢Hs~CsH,-):  Yellow columns, mp 108.5—
109.0 °C; MS m/z 326 (M"*; bp, ¥°Se), 245 (M* —Se; 57%); IR (KBr)
2850, 1440, 1410, 1090, 740 cm™'; '"HNMR (CDCls) 6 =1.78
(3H, br.s), 2.04 (3H, br.s), 2.67 (2H, br.s), 3.56 (2H, br.s), 7.23—
7.39 (4H, m), 7.46—7.51 (2H, m), 7.70—7.74 (2H, m); *CNMR
(CDClz) 6 =19.8 (@), 21.6 (q), 24.5 (1), 43.0 (1), 48.7 (s), 120.1
(d), 124.1 (d), 126.0 (s), 127.6 (d), 129.4 (s), 138.4 (s), 151.1 (s).
Found: C, 70.04; H, 5.59 %. Calcd for C9HgSe: C, 70.15; H,
5.58 %.

Treatment of Benzaldehyde with Bis(1,5-cyclooctanediylbo-
ryl) Selenide (1) in the Absence of a Diene. To a dichloromethane
solution of benzaldehyde (319 mg, 3.00 mmol) was added a ben-
zene solution (15 ml) of bis(1,5-cyclooctanediylboryl) selenide (1,
3.30 mmol); the reaction mixture was then heated at 110 °C for 5 h
in a sealed tube. After cooling to room temperature, and adding an
excess amount of aqueous NaHCOj solution, the reaction mixture
was subjected to the usual workup. The crude products were then
purified using column chromatography on silica gel to obtain di-
benzyl diselenide (5a, 225 mg, 44 %) as yellow needles along
with the recovered benzaldehyde (156 mg, 49 %).

General Procedure for the Treatment of Amides with Bis(1,5-
cyclooctanediylboryl) Selenide (1). A dichloromethane or chlo-
roform solution (15 ml) of amide (6a—c¢, 3.00 mmol) was treated
with abenzene, a toluene, or a mesitylene solution (15 ml) of bis(1,5-
cyclooctanediylboryl) selenide (1, 3.30 mmol); the reaction mixture
was then stirred in a sealed tube at room temperature or higher
temperature for several hours. After cooling to room temperature
and quenching the reaction with an aqueous NaHCOj solution, the
reaction mixture was subjected to the usual workup. The crude
product was purified using column chromatography on silica gel
to obtain the corresponding selenoamides (8a—¢)*'>*" in modest
yields as a yellow oil or solid. All of the physical data of the
products were fully consistent with those of the reported data.

General Procedure of mCPBA Oxidation of Selenoamides 8.
To a dichloromethane solution (20 ml) of a selenoamide (8, 1.00
mmol) was added a dichloromethane solution of mCPBA (259 mg
(80%), 1.20 mmol); the reaction mixture was stirred at 0 °C for 3
h. The reaction mixture was quenched with an aqueous Na;SO3 so-
lution, and extracted with dichloromethane. The organic layer was
washed with an aqueous NaHCOj5 solution and with water, and then
dried over anhydrous Na,SO4 powder. After removing the solvent
in vacuo, the residue was separated by column chromatography on
silica gel using chloroform as an eluent to give the corresponding
amides 4 in almost quantitative yields.

Treatment of N,N-Dimethylbenzamide (6d) with Bis(1,5-cy-
clooctanediylboryl) Selenide (1). A dichloromethane or a mesity-
lene solution (15 ml) of N,N-dimethylbenzamide (6d, 746 mg, 5.00
mmol) was treated with a benzene or a mesitylene solution (15
ml) of bis(1,5-cyclooctanediylboryl) selenide (1, 5.50 mmol); the
reaction mixture was then heated at refluxing temperature for 13
h under an Ar atmosphere. After quenching the reaction with a
10% aqueous NaOH solution, the reaction mixture was subjected
to the usual workup. The crude product was purified using column
chromatography on silica gel to obtain Se-benzyl benzenecarbose-
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lenoate (10d, 196 mg, 28%) as a yellow oil, besides the recovery
of amide 6d (174 mg, 23 %) and a trace amount of dibenzyl di-
selenide (5a). The aqueous layer of the extract was then acidified
using an excess amount of aqueous HCl solution, and extracted with
chloroform; the organic layer was then subjected to a workup (as
described above) under aerobic conditions. The crude product was
purified by using column chromatography on silica gel to obtain
dibenzoyl diselenide (11d, 86 mg, 6%) as colorless needles.

11d:  Colorless needles, mp 130.0 °C (1it,**® mp 131.0—
132.0 °C).

Treatment of Ethyl Benzoate with Bis(1,5-cyclooctanediylbo-
ryl) Selenide (1). A dichloromethane solution of ethyl benzoate (7,
1.096 g, 2.00 mmol) was treated with a benzene solution (15 ml) of
bis(1,5-cyclooctanediylboryl) selenide (1, 2.40 mmol) and an excess
amount of 2,3-dimethyl-1,3-butadiene (3.94 g, 48.0 mmol); the
reaction mixture was then heated at 130 °C for 10 h in a sealed tube.
After cooling to room temperature and quenching the reaction with
a 10% aqueous NaOH solution, the reaction mixture was subjected
to the usual workup. The crude product was purified by using
column chromatography on silica gel to obtain O-ethyl benzene-
carboselenoate (9, 58 mg, 14 %)”) and the recovered ester (7, 888
mg, 81%).

Preparation of Sterically Hindered Ketones 13 and 14. A
hexane solution (100 ml) of d-camphor (30.4 g, 20.0 mmol) was
treated with sodium amide (19.1 g, 50.0 mmol) and 1,4-dibro-
mobutane (54.0 g, 25.0 mmol) or o-phenylenebis(methylene) di-
chloride (43.8 g, 25.0 mmol) at refluxing temperature for 48 h
under an Ar atmosphere according to the methods of Fujikura®"
or Helmchem.*” The reaction was then quenched with an excess
amount of water, and the reaction mixture was subjected to the usual
workup. The crude product was purified by distillation in vacuo to
give 4,7,7-trimethylspiro[bicyclo[2.2.1]heptane-2,1’-cyclopentan]-
3-one (13, 28.9 g, 71%, colorless oil) or 1" ,3/-dihydro-4,7,7-trimeth-
ylspiro[bicyclo[2.2.1]heptane-2,2’-indan]-3-one (14, 23.6 g, 47 %,
colorless oil).

13:  Colorless oil, bp 131.0 °C/7 mmHg (1 mmHg = 133.322
Pa) (lit,”"” 130 °C/10 mmHg)); [a]¥ =+77.2° (¢ 0.1, CHCl3); MS
m/z 206 (M™; 64%), 163 (M"—C3Hsg; 94%), 96 (bp); IR (neat) 2961,
1732, 1448 cm™'; "HNMR (CDCl3) 6 =0.86 (3H, s), 0.87 (3H, 5),
0.98 (3H, s), 1.38—1.48 (2H, m), 1.52—1.68 (7H, m), 1.72—1.85
(4H, m); PCNMR (CDCl3) 6 =9.8 (q), 20.4 (q), 22.4 (q), 23.1 (1),
26.7 (1), 27.0 (t), 30.7 (1), 38.2 (1), 39.3 (1), 46.7 (s), 54.2 (d), 56.4
(s), 58.9 (s), 190.4 (s). Found: C, 81.45; H, 10.72 %. Calcd for
C4H»,0O: C, 81.50; H, 10.75 %.

14:  Colorless prisms, mp 92.7—93.6 °C, bp 220.0—225.0
°C/17 mmHg; [a]3 =+64.7° (¢ 0.01, CHCLs); MS m/z 254 (M*;
bp), 116 (CoHs; 48%); IR (neat) 2964, 1732, 1589, 1489, 1444,
935,758, 559 cm™'; "THNMR (CDCl3) 6 =0.93 (3H, s), 0.99 (3H,
s), 1.03 (3H, s), 1.45(1H, ddd, J=14.0, 9.0, 6.0 Hz), 1.66 (1H,
ddd, /=12.0,9.03.0 Hz), 1.75—1.99 (2H, m), 1.99 (1H, d, /=4.0
Hz),2.98 (1H, d, J=16.0 Hz), 3.09 (1H, d, J=16.0 Hz), 3.20 (1H,
d, J=16.0 Hz), 3.30 (1H, d, /=16.0 Hz), 7.07—7.17 (4H, m);
BCNMR (CDCl3) 8 =9.9 (), 20.8 (q), 22.7 (q), 23.3 (1), 30.0 (1),
42.3 (1), 46.0 (1), 46.6 (s), 53.3 (d), 57.7 (s), 58.8 (s), 123.6 (d),
123.8 (d), 126.4 (d), 141.0 (s), 141.8 (s), 192.9 (s). Found: C,
85.23; H, 8.99 %. Calcd for CigH»O: C, 84.99; H, 8.72 %.

General Procedure for the Treatment of Sterically Hindered
Ketones with Bis(1,5-cyclooctanediylboryl) Selenide (1). A
dichloromethane solution (15 ml) of ketone (12—14, 3.0 mmol)
was treated with a benzene solution (15 ml) of bis(1,5-cyclooctane-
diylboryl) selenide (1, 3.30 mmol); the reaction mixture was then
heated at 110-—130 °C for 3—4 d in a sealed tube. After cooling
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to room temperature, adding an excess amount of dichloromethane
(1000 ml), and quenching the reaction with an excess amount of
10% aqueous NaOH solution (500 ml), the reaction mixture was
subjected to the usual workup. A crude green oil was obtained upon
removal of the solvent in vacuo, and was subjected to distillation
in vacuo to separate a fraction containing selones and the starting
ketones from the diastereomeric mixture of diselenides. Subse-
quently, the mixture containing selones and ketones was subjected
to separation using column chromatography on silica gel; the final
purification of the products either by distillation in vacuo or by re-
crystallization gave 1,3,3-trimethylbicyclo[2.2.1]heptane-2-selone
(15, 35%, deep blue solid), 4,7,7-trimethylspiro[bicyclo[2.2.1]hep-
tane-2,1’-cyclopentane]-3-selone (17, 33%, deep blue oil), or 17,3'-
dihydro-4,7,7-trimethylspiro[bicyclo[2.2.1]heptane-2,2’-indane]-3-
selone (19, 38%, deep blue solid). On the other hand, attempts to
perform a chromatographic separation of a mixture of diselenides,
16, 18, or 20, were not successful in all cases. However, in particu-
lar, the ratio of three isomers of diselenide 18 (exo,ex0-18 : exo,endo-
18: endo,endo-18) was estimated to be about 3 : 1: 1 by integrating
the '"HNMR spectrum of the mixture.

15:  Deep-blue solid, mp 42.0—43.0 °C (lit,** mp 41—47
°C). Selone 15 was identical in all respects with the authentic 1,3,3-
trimethylbicyclo[2.2.1]heptane-2-selone (15) prepared alternatively
by the treatment of d-fenchone hydrazone with Se,Br; according to
Guziec’s method.*

17:  Deep-blue oil, bp 130 °C/7 mmHg; [a]3 =+147.2° (¢
0.1, CHCls); MS m/z 270 (M*; 15%, *Se); IR (neat) 2990, 1450,
1080, 800 cm™'; 'HNMR (CDCls) 6 =0.84 (3H, s), 1.04 (3H, s),
1.21 (3H, s), 1.34—1.39 (2H, m), 1.55—1.67 (4H, m), 1.82—2.00
(5H, m), 2.09—2.20 (2H, m); *CNMR (CDCls) 6 =15.4 (g), 21.7
(q), 23.0 (q), 26.7 (1), 27.2 (t), 31.6 (1), 43.0 (1), 45.9 (1), 48.7 (s),
56.2 (d), 73.0 (s), 76.3 (s), 299.0 (s). Found: C, 62.18; H, 8.33 %.
Calcd for C4Hy,Se: C, 62.44; H, 8.23 %.

19: Deep-blue solid, mp 45.1—48.0 °C, bp 170.0—175.0
°C/17 mmHg; [alf = —8.35° (¢ 0.01, CHCL3); MS m/z 318 (M*;
22%, 0Se), 142 (bp); IR (neat) 2959, 1488, 1459, 1389, 1072, 742
cm™'; "THNMR (CDCl3) 6 =0.99 (3H, s), 1.09 (3H, s), 1.25 (3H,
s), 1.34—1.41 (2H, m), 1.77 (1H, dt, J=14.0, 6.0 Hz), 1.89 (1H,
dud, /=13.0, 9.0, 4.0 Hz), 2.27 (1H, d, /=4.0 Hz), 3.21 (1H, d,
J=16.0 Hz), 3.26 (1H, d, J=15.0 Hz), 3.39 (1H, d, /=16.0 Hz),
3.49 (1H, d, J = 15.0 Hz), 7.08—7.16 (4H, m); *CNMR (CDCl;)
8 =16.0 (q), 22.0 (q), 22.4 (g), 23.5 (), 30.7 (1), 47.5 (1), 48.4 (s),
51.3 (1), 55.6 (d), 73.2 (s), 76.3 (s), 123.3 (d), 123.6 (d), 126.4 (d),
141.0 (s), 142.1 (s), 294.2 (s). Found: C, 68.03; H, 7.13 %. Calcd
for CigH»,Se: C, 68.13; H, 6.99 %.

Conversion of Sterically Hindered Selones to the Corre-
sponding Diselenides by Treating with Lithium Aluminum Hy-
dride. A THF solution (20 ml) of selone (15 or 17, 1.00 mmol) was
treated with an excess amount of lithium aluminum hydride (189
mg, 5.00 mmol), and was then stirred for several hours at room
temperature. The reaction mixture was exposed to air at room tem-
perature with the vigorous stirring overnight. Then, the reaction was
quenched with water, and the reaction mixture was subjected to the
usual workup to give a yellow oil. The crude products were purified
using column chromatography on silica gel to obtain the diastereo-
meric isomers of diselenides, 16 or 18, respectively, in quantitative
yields. A '"HNMR measurement of the products showed that these
diselenides were identical with those of the by-products afforded
by the reactions of the starting ketones with bis(1,5-cyclooctane-
diylboryl) selenide (1). In particular, further recrystallization of a
mixture of 16 from hexane-dichloromethane afforded endo, endo-
16 in quantitative yield as pale-yellow needles. On the other hand,
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the isomeric ratio of exo,exo-18 : exo,endo-18 : endo,endo-18 was
estimated to be about 2: 1: 1 in the case of starting from 17.

Conversion of Sterically Hindered Selones to the Corre-
sponding Diselenides by Treating with Super Hydride. A
THEF solution (20 ml) of selone (17 or 19, 1.00 mmol) was treated
with a THF solution of super hydride (LiE;BH, 2.2 ml of 1 M
solution of THF, 2.20 mmol, 1 M =1 mol dm*3) and was stirred
for several hours at refluxing temperature. The reaction mixture
was exposed to air at room temperature with the vigorous stir-
ring overnight. Then, the reaction was quenched with water, and
the reaction mixture was subjected to the usnal workup to give a
yellow oil as a mixture of three chromatographically inseparable
isomers of 18 or 20. The isomeric ratio of exo,exo-18 : exo,endo-
18 : endo,endo-18 was estimated to be about 50: 1 : 1 by integrating
the "HNMR spectrum of the crude reaction product. On the other
hand, the ratio of exo,exo-20: exo,endo-20 : endo,endo-20 was not
clarified by a similar procedure owing to an overlapping of the sig-
nals of the benzyl methylene groups at the region of ¢ =2.0—3.0.
The crude products were purified using column chromatography
on silica gel followed by recrystallization using hexane—ethanol to
obtain diselenides, exo,exo-18 and exo,exo-20, in modest yields as
the major stereoisomers.

Treatment of Selone 17 with NaTeH. A methanolic solution
(20 ml) of selone (17, 200 mg, 0.74 mmol) was treated with an
aqueous solution of NaTeH, prepared by a treatment of elemental
tellurium (213 mg, 1.63 mmol) with sodium borohydride (134 mg,
3.54 mmol) in water (10 ml) under an Ar atmosphere; the reaction
mixture was stirred at 50 °C for 4 h. The reaction mixture was then
exposed to air at room temperature with vigorous stirring overnight.
Then, the reaction was quenched with water, and the reaction mix-
ture was subjected to the usual workup to give a yellow oil as a
mixture of chromatographically inseparable isomers of 18 (40 mg,
20% combined yield) along with the recovery of selone 17 (135
mg, 68%). The isomeric ratio of exo,exo-18 : exo,endo-18 : endo,
endo-18, estimated from integrating the "HNMR spectrum of the
mixture, was about 2:1: 1.

Treatment of Selone 17 with 9-BBN Dimer. A THF solution
(20 ml) of selone (17, 200 mg, 0.74 mmol) was treated with 9-BBN
dimer (199 mg, 1.63 mmol) at room temperature for 21 h under
an Ar atmosphere. The reaction mixture was then exposed to air
at room temperature with vigorous stirring overnight. Then, the
reaction was quenched with water, and the reaction mixture was
subjected to the usual workup to give a yellow oil as a mixture
of chromatographically inseparable isomers of 18 (30 mg, 15%
combined yield) along with the recovery of selone 17 (156 mg,
78%). The isomeric ratio of exo,exo-18 : exo,endo-18 : endo,endo-
18 estimated from the integration of the 'HNMR spectrum of the
mixture was about 2: 1: 1.

Treatment of Selone 17 with Triethylsilane-AIBN. A hex-
ane solution (20 ml) of selone (17, 200 mg, 0.74 mmol) was treated
with triethylsilane (190 mg, 1.63 mmol) and a catalytic amount of
AIBN (22 mg, 0.163 mmol) at refluxing temperature for 22 h under
an Ar atmosphere. The reaction mixture was then exposed to air
at room temperature with vigorous stirring overnight. Then, the
reaction was quenched with water, and the reaction mixture was
subjected to the usual workup to give a yellow oil as a mixture of
chromatographically inseparable isomers of 18 (14 mg, 7% com-
bined yield) along with the recovery of selone 17 (168 mg, 84%).
The isomeric ratio of exo,exo-18 : exo,endo-18 : endo,endo-18 esti-
mated from the integration of the 'H NMR spectrum of the mixture
was about2:1: 1.

endo,endo-16 (Major Isomer):  Yellow needles, mp 51.0—
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51.5 °C; [a]5 = —79.8° (¢ 0.1, CHCL); MS m/z 434 (M*; 2%,
895e), 137 (bp); IR (KBr) 2860, 1440, 1360, 720 cm™'; "HNMR
(CDCl;) 6 =1.02 (6H, s), 1.09 (6H, s), 1.20 (6H, s), 1.05—1.15
(2H, m), 1.26 (2H, dd, /=9.8, 1.3 Hz), 1.35—1.42 (4H, m), 1.59
(2H,br.d, J=9.8 Hz), 1.59—1.65 (2H, m), 1.73—1.76 (2H, m), 3.10
(2H, d, J=3.0 Hz, exo-H at C-2); "CNMR (CDCl3) 6 =21.4 (q),
26.2 (q), 26.2 (1), 29.6 (1), 31.8 (q), 40.7 (s), 43.6 (1), 48.3 (d), 51.0
(s), 73.2 (d). Found: C, 55.34; H, 7.97 %. Calcd for CooH34Se;: C,
55.55;H,7.93 %. _

exo,exo-18 (Major Isomer): Yellow needles, mp 121.5—
122.0 °C; [a@]® = —93.4° (¢ 0.1, CHCl3); MS m/z 542 (M*; 21%,
808e), 271 (M*/2; 28%. ¥Se), 160 (bp); IR (KBr) 2961, 1444, 1389,
1373, 1215, 760 cm™'; "HNMR (CDCl3) & =0.83 (6L, s), 0.94
(6H, s), 1.04 (6H, s), 1.28—1.33 (2H, m), 1.47 (2H, br.d, J=2.1
Hz), 1.51—1.85 (20H, m), 2.15—2.23 (2H, m), 3.29 (2H, s, endo-
H at C-3); The NOE (about 10%) was observed between the signal
of endo proton at C-3 position (6 = 3.29) with the signal revealing
at 6 = 1.28-—1.33 that were assigned to the endo proton of C-5 or
C-6 position. *CNMR (CDCls) § =174 (q), 21.4 (q), 22.8 (q),
24.0 (1), 24.4 (1), 25.5 (1), 38.4 (1), 39.4 (dd), 42.7 (1), 49.3 (s), 52.4
(s), 55.7 (s), 57.5 (d), 78.2 (d). Found: C, 62.11; H, 8.60 %. Calcd
for CygHaeSer: C, 62.21; H, 8.58 %. The '"HNMR measurement
showed that a trace amount of the inseparable mixture of exo,endo-
18 and endo,endo-18 was contained in the crude reaction mixture
along with exo,exo0-18. Exo,endo-18 and endo,endo-18: "HNMR
(CDCl3) 6 =3.23 (2H, s, endo-H at C-3), 3.42 (2H, d, J=2.0 Hz,
exo-H at C-3), 3.48 (2H, d, ] =2.0 Hz, exo-H at C-3).

exo,ex0-20 (Major Isomer): Yellow prisms, mp 221.0—222.8
°C; [a]¥ =+22.98° (¢ 0.01, CHCl3); MS m/z 638 (M*; 3%, *Se),
319 (M*/2; 2%, %°Se), 239 (bp; CisHas); IR (KBr) 2960, 1485,
1459, 1385, 1225, 747 cm™'; '"HNMR (CDCl3) 6 =0.80 (6H, s),
0.83 (6H, s), 0.96 (6H, s), 0.88—1.02 (2H, m), 1.49—1.59 (6H, m),
1.62 (2H, br.s), 2.70 (2H, s, endo-H at C-3), 2.75 (2H, d, J=15.5
Hz), 2.87 (2H, d, J=16.1 Hz), 3.19 (2H, d, J=15.5 Hz), 3.35 (2H,
d, J=16.1 Hz), 7.07—7.15 (6H, m), 7.23—7.25 (2H, m); *CNMR
(CDCl3) 6 =16.6(q), 21.6 (q), 22.5(q), 24.1 (1), 37.6 (1), 46.9 (dd),
48.3 (dd), 49.4 (s), 51.9 (s), 57.1 (d), 57.3 (s), 76.5 (d), 123.5 (d),
124.0 (d), 125.7 (d), 126.4 (d), 141.7 (s), 144.4 (s). Found: C,
67.87; H, 7.40 %. Calcd for CssHasSes: C, 67.91; H, 7.28 %.

Treatment of Cinnamaldehyde with Bis(1,5-cyclooctanediyl-
boryl) Selenide (1). A dichloromethane solution of cinnamalde-
hyde (21, 397 mg, 3.00 mmol) was treated with a benzene solution
(15 ml) of bis(1,5-cyclooctanediylboryl) selenide (1, 3.60 mmol)
and an excess amount of 2,3-dimethyl-1,3-butadiene (2.47 g, 30.0
mmol); the reaction mixture was then heated at 110 °C for 18 hina
sealed tube. After cooling to room temperature and quenching the
reaction with an aqueous NaHCO; solution, the reaction mixture
was subjected to the usual workup. The crude product was purified
by using column chromatography on silica gel to afford trans-3-
phenyl-2-styryl-2,3-dihydroselenophene (23, 240 mg, 51 %) as
colorless needles.

23:  Colorless needles, mp 105.5—106.0 °C; MS m/z 312 (M*;
68%, 5'Se), 231 (M*—Se; bp); IR (KBr) 1570, 1470, 1440, 1270,
1240, 1140, 1100, 1070, 1010, 960, 730, 670, 580 cm™"; '"HNMR
(CDChL) 6 =4.13 (1H, dt, J=7.5,2.5 Hz), 4.66 (1H, dd, J=9.6, 7.7
Hz), 6.08 (1H, dd, J=6.4, 2.5 Hz), 6.30 (1H, d, J=15.6 Hz), 6.54
(1H,dd, J=15.6,9.6 Hz), 6.84 (1H, dd, J=6.4, 2.5 Hz), 7.19—7.38
(10H, m), when the signals assigned to the proton at C-3 position
(6 =4.13) was irradiated, no NOE was observed with the signal of
the proton at C-2 position (6 =4.66) and a 4% NOE was observed
with the signal of the proton at C-4 position (& = 6.08); *C NMR
(CDCL) 6 =56.4(d), 62.0(d), 122.7 (d), 126.4 (d), 127.1 (d), 127.6
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(d), 127.7 (d), 129.8 (d), 130.4 (d), 130.6 (d), 136.5 (s), 141.3 (s).
Found: C, 69.73; H, 5.14 %. Calcd for CisH¢Se: C, 69.45; H,
5.18 %.

We are grateful to Saneyoshi Scholarship Foundation (No.
0302) for financial support of this work.
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