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Selenobenzophenones and Diazoalkanes: Isolation of Tetraarylethylenes by the
Reaction of Benzophenone Hydrazones with Diselenium Dibromide
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The reaction of selenobenzophenones with diazomethane af-
forded the corresponding diarylethylenes and symmetrical
olefins. The reaction with diaryldiazomethanes gave three
different types of tetraarylethylenes. This reaction proceeded
through 1,3,4-selenadiazoline intermediates, and retrocycli-
zation was observed. The formation of 1,3,4-selendiazolines
was independently confirmed by the reaction of benzo-

Introduction

Recently, much attention has been paid to the chemistry
of carbon�selenium double bonds because of their unique
and interesting reactivity.[1,2] The reaction of selenoketones
1 with diazoalkanes 2 was extensively studied by Barton
and Guziec et al.[3] They isolated sterically congested 1 and
reacted it with 2 to afford 1,3,4-selenadiazolines 3 in good
yields. Berg et al. reported the synthesis of 3 by the reaction
of carbon diselenide and di-tert-butyldiazomethane.[4] Re-
cently, we have isolated cis- and trans-3 by the reaction of
sterically congested ketone hydrazones 4 with diselenium
dibromide via 1 and 2 as intermediates.[5] Resonance-stabil-
ized selenoketones, selenobenzophenones 1, are already
known to react with 2, which finally afforded tetraarylethyl-
enes 5 in good yields.[6] These results suggest the possibility
of direct synthesis of 5 from benzophenone hydrazones. In
this paper, we would like to report the synthesis of sym-
metrical 5 from selenobenzophenones 1, or benzophenone
hydrazones 4.

Results and Discussion

Reaction of Isolated Selenobenzophenones with
Diazoalkanes

Treatment of 4,4�-dimethoxyselenobenzophenone (1a)
with diazomethane (2a) at room temperature resulted in the
formation of 1,1-bis(4-methoxyphenyl)ethylene (5a) and
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phenone hydrazones with diselenium dibromide, which
afforded tetraarylethylenes in good yields. This method is
applicable to the two-step synthesis of tetraarylethylenes
from benzophenones.

( Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

tetrakis(4-methoxyphenyl)ethylene (5b) in 50 and 5% yields,
respectively (Scheme 1). The result of this reaction is shown
in Table 1.

Scheme 1

Table 1. Reaction of 1 with diazomethane 2

Products (yields, %)
1 2 Equiv. Unsymmetrical 5 Symmetrical 5

1a 2a 5 5a 50 5b 5
1a 2b 3 5c 62 5b 26
1b 2a 5 5d 48 5e 11
1b 2b 3 5f 9 5e 31

As to the formation of unsymmetrical 5, the reaction
might proceed through 1,3,4-selenadiazoline intermedi-
ates.[3] First, the reaction of selone 1a with 2a afforded the
corresponding 1,3,4-selenadiazoline (3a), which converted
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into the episelenide 6a. Since 6a is unstable, it decomposed
to selenium and olefin 5a (Scheme 2).

Scheme 2

However, this mechanism cannot explain the formation
of symmetrical olefins 5b and 5e. Thus, another mechanism
must have been operative. In view of the formation of the
readily isolable tetraarylethylene 5 and mechanistic investi-
gation of the above reaction, the reaction of 1a with diphen-
yldiazomethane (2c) was carried out. Treatment of 1a with
2c resulted in the formation of 1,1-bis(4-methoxyphenyl)-
2,2-diphenylethylene (5g), tetraphenylethylene (5h), and 5b
in 34, 10 and 33% yields, respectively. At �40 °C, nitrogen
evolution was observed in this reaction, while red selenium
was precipitated when the temperature rose to �20 °C
(Scheme 3). The investigated reactions are summarized in
Table 2.

Scheme 3

Table 2. Reaction of 1 with diaryldiazomethanes 2c�e
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Besides the expected olefins 5g and 5i, symmetrical olef-
ins 5b, 5e and 5h were also obtained. Thus, the reaction
might proceed as follows. The reaction of 4,4�-dimethoxyse-
lenobenzophenone (1a) with diphenyldiazomethane (2c)
gave 2,2-bis(4-methoxyphenyl)-5,5-diphenyl-1,3,4-selenadi-
azoline (3b), which dissociated by a retro-1,3-dipolar reac-
tion to selenobenzophenone (1c) and 4,4�-dimethoxydi-
phenyldiazomethane (2e). The obtained selenobenzo-
phenone 1c reacted with 2c to afford 2,2,5,5-tetraphenyl-
1,3,4-selenadiazoline (3c), whereas diazomethane 2e reacted
with 1a to give another symmetrical 1,3,4-selenadiazoline
3d. The resulting three 1,3,4-selenadiazolines 3b, 3c and 3d
decomposed by elimination of nitrogen to form episelenide
6, and finally elemental selenium was precipitated to give
olefins 5b, 5g and 5h (Scheme 4).

The present reaction involving 1 is quite different from
the reaction of thiobenzophenone with diazomethane.
Thiobenzophenone was found to react with diazomethane
(2a) to give the corresponding thiirane and 1,3-
dithiolane.[7�10] The retrocyclization of 1,3,4-thiadiazoline
was not observed, because thiocarbonyl ylide was a plaus-
ible intermediate in this reaction. To check the formation
of selenocarbonyl ylide, the reaction of 1a with 2a and di-
methyl acetylenedicarboxylate was carried out. If selenocar-
bonyl ylide was formed as an intermediate, the correspond-
ing cycloadduct would result. The obtained products were
only the corresponding olefins 5a and 5b, suggesting that an
equilibrium between episelenide and selenocarbonyl ylide is
not involved (Scheme 5).

The existence of retrocyclization was supported by the
following results. Back et al. found that the reaction of di-
tert-butylselenoketone (1d) with 2c afforded 5,5-diphenyl-
2,2-di-tert-butyl-1,3,4-selenadiazoline (3e) in 73% yield.[3b]

The partial stability of 3e might be attributed to steric hin-
drance. Thermolysis of 3e afforded only the normal de-
composition product, 1,1-di-tert-butyl-2,2-diphenylethylene
(5j) along with di-tert-butylselenoketone (1c) (Scheme 6).[3b]

We have carefully reinvestigated this reaction to discover
whether disproportionation products were formed.

When the reaction was carried out in refluxing benzene
for 13 h, the obtained products were 5h, (12%) and benzo-
phenone (7a) (55%) along with the expected decomposition
products 5j, (16%) and 1d (4%). To confirm the formation
of a selenobenzophenone intermediate, the reaction of 3e
with 2,3-dimethyl-1,3-butadiene was carried out. Treatment
of 3e with 2,3-dimethylbutadiene (five equivalents) in re-
fluxing benzene afforded the corresponding Diels�Alder
adduct 8 in 62% yield (Scheme 6).

Since Guziec et al. observed retrocyclization of extremely
sterically hindered 1,[3d] the retrocyclization of 1,3,4-selena-
diazolines with four aromatic groups might be a reasonable
step in this reaction.

Synthesis of Tetraarylethylenes by the Reaction of
Benzophenone Hydrazones with Diselenium Dibromide

Diselenium dihalides are useful reagents for the synthesis
of sterically congested selenoketones from ketone hydra-
zones.[11] Recently, we have found that the reaction of steri-
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Scheme 4

Scheme 5

Scheme 6

cally congested ketone hydrazones 4 with diselenium dibro-
mide gave cis- and trans-1,3,4-selenadiazolines 3 in moder-
ate yields.[5] Ishii et al. have reported that the intramolecular
reaction of diketone dihydrazone with diselenium dichlor-
ide gave 1,3,4-selenadiazoline 3 as a side product.[12] These
results suggested that the reaction involving ketone hydra-
zones 4 and diselenium dihalides gave not only selenoke-
tones but also diazoalkanes. As previously stated, we have
shown that the reaction of the selenobenzophenones 1 with
diaryldiazomethanes 2 gave tetraarylethylenes 5 in good
yields. The reported methods for the formation of tetra-
arylethylenes 5 include thermolysis of diaryl thioketones,[13]

decomposition of diaryldiazomethanes by HClO4,[14] re-
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duction of tetraarylethylene sulfides,[15] reaction of diaryldi-
azomethanes with o-sulfobenzoic anhydride,[16] reaction of
diaryl thioketones with Cu,[17] and ytterbium metal-me-
diated desulfurization and coupling reaction of diaryl
thioketones.[18] However, these methods require isolation of
diaryl thioketones or diaryldiazomethanes. Our desire to
extend the scope of the method prompted us to examine
the possibility of the formation of 5 via intermediates 3.

Treatment of benzophenone hydrazone (4a) with diselen-
ium dibromide in the presence of triethylamine at room
temperature resulted in the formation of tetraphenylethyl-
ene (5g) in 76% yields. However, the reaction of 4,4�-di-
methylbenzophenone hydrazone (4b) with diselenium di-
bromide gave tetraarylethylenes (5e) and 4,4�-dimethyl-
benzophenone azines (9b) in 44 and 34% yields, respectively
(Scheme 7). When the present reaction was carried out in
refluxing benzene, the yields of 5 were up to 82%. By using
a catalytic amount of diselenium dibromide, small amount
of alkenes 5 were obtained. The results are shown in
Table 3.

Scheme 7
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Table 3. Reaction of benzophenone hydrazones 4 with diselenium
dibromide

The reaction most likely proceeds as follows. The anion
of benzophenone hydrazone (4a) reacts with diselenium di-
bromide to afford the 1,2,3,4-diselenadiazoline 10 or the
1,2,3-selenadiazete 11. Loss of selenium from 10 or 11 af-
fords diphenyldiazomethane (2c) (minor route), whereas
loss of N2 yields selenobenzophenone (1c) (major route),
which combine to afford the 1,3,4-selenadiazoline 3c by 1,3-
dipolar cycloaddition, both generated in situ, as shown in
Scheme 8. Loss of nitrogen and selenium precipitation
(twofold loss) gives tetraphenylethylene (5h).

Scheme 8

At room temperature, azines 9 might be produced by oxi-
dation of 3 in the presence of a small amount of oxygen in
the solvent.

To confirm the formation of intermediates 3, the reaction
of benzophenone hydrazone (4a) and 4,4�-dimethoxybenzo-
phenone hydrazone (4c) with diselenium dibromide in re-
fluxing dichloromethane was carried out. The obtained
products were the symmetrical olefins 5b and 5h and the
unsymmetrical olefin 5g in 32, 22, and 32% yields, respec-
tively (Scheme 9). This result is similar to that of the reac-
tion of isolated 1a with 2c.

Scheme 9

This method has advantages over other methods. Only
two-step reactions are required from commercially available
benzophenones. Additionally, ketone hydrazones and dis-
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elenium dibromide are stable compounds, with long storage
lives. If unsymmetrical tetraarylethylenes are required, the
reaction of two different ketone hydrazones with diselenium
dibromide will afford the desired unsymmetrical tetraaryle-
thylenes along with symmetrical tetraarylethylenes.

In conclusion, the reaction of selenobenzophenones with
diazoalkanes gave the corresponding olefins, which were
produced by retrocyclization of 1,3,4-selendiazoline inter-
mediates 3. Symmetrical tetraarylethylenes were obtained
from diaryl ketone hydrazones with diselenium dibromide
in the presence of triethylamine, intermediates of which
found to be selenobenzophenones 1 and diaryldiazome-
thanes 2.

Experimental Section

General: All reactions were carried out under nitrogen. Melting
points are uncorrected. Analytical TLC was carried out on pre-
coated plates (Merck silica-gel 60, F254) and flash column chroma-
tography was performed with silica (Merck, 70�230 mesh). NMR
spectra (1H at 400 MHz; 13C at 100 MHz) were recorded in CDCl3
solvent, and chemical shifts are expressed in ppm relative to in-
ternal TMS.

Reagents: (Trimethylsilyl)diazomethane was purchased from TCI.
4,4�-Dimethoxyselenobenzophenone (1a) and 4,4�-dimethylseleno-
benzophenone (1b) were obtained by the reaction of diarylmethy-
lenetriphenylphosphoranes with elemental selenium.[19] The seleno-
ketone 1c and diaryldiazomethanes 2c�e were prepared by the
method described in the literature.[3b]

Reaction of 4,4�-Dimethoxyselenobenzophenone (1a) with Diazo-
methane (2a): A solution of 2a (0.6 mmol) in diethyl ether was ad-
ded to a solution of 1a (61 mg, 0.20 mmol) in benzene (5 mL) at
room temperature. The mixture was stirred for 30 min, nitrogen gas
was evolved and elemental selenium was precipitated. The solution
was filtered and the solvents evaporated to give a pale-yellow oil,
which was chromatographed over silica gel by elution from hexane/
dichloromethane (2:1) to afford 1,1-bis(4-methoxyphenyl)ethylene
(5a) (24 mg, 0.10 mmol) and tetrakis(4-methoxyphenyl)ethylene
(5b) (4 mg, 0.009 mmol). 5a: Colorless crystals, m.p. 144�145 °C
(ref.[20] m.p. 143 °C). 1H NMR (CDCl3): δ � 3.83 (s, 6 H, OMe),
5.29 (s, 2 H, CH2�), 6.86 (d, 4 H, Ar), 7.28 (d, 4 H, Ar) ppm. 13C
NMR (CDCl3): δ � 55.29 (OMe), 116.66 (CH2�), 123.64 (Ar),
129.41 (Ar), 134.30 (Ar), 148.96 (C�), 159.28 (Ar) ppm. 5b: Color-
less crystals, m.p. 180�180.5 °C, (ref.[21] m.p. 182�183 °C).

Reaction of 4,4�-dimethylselenobenzophenone (1b) (38 mg,
0.139 mmol) in benzene with 2a (3 equiv. in ether) was also carried
out, yielding 1,1-bis(4-methylphenyl)ethylene (5d) and tetrakis(4-
methylphenyl)ethylene (5e). 5d: Pale-orange crystals, 7 mg,
0.034 mmol), m.p. 57�59 °C (ref.[22] m.p. 61 °C). 1H NMR
(CDCl3): δ � 2.35 (s, 6 H, Me), 5.37 (s, 2 H, �CH2), 7.12 (d, 4 H,
Ar), 7.23 (d, 4 H, Ar) ppm. 13C NMR (CDCl3): δ � 21.16 (Me),
112.97 (�CH2), 128.18, 128.82, 137.40, 138.81, 149.76 ppm. 5e:
Colorless crystals, m.p. 149�150 °C (ref.[21] m.p. 151 °C).

Reaction of 1a with Trimethylsilyldiazomethane (2b): A solution of
2b (0.6 mL, 10% solution in hexane) was added in one portion to
a solution of 1a (101 mg, 0.33 mmol) in benzene (5 mL) at room
temperature. The mixture was stirred for 30 min, nitrogen gas was
evolved and elemental selenium was precipitated. The solution was
filtered and the solvents evaporated to give pale-yellow oily crystals,
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which were chromatographed over silica gel by elution from hex-
ane/dichloromethane (2:1) to afford 2,2-bis(4-methoxyphenyl)-1-
trimethylsilylethylene (5c) (64 mg, 0.20 mmol) and 5b (40 mg,
0.087 mmol). 5c: Colorless oil. (ref.[23] colorless oil). 1H NMR
(CDCl3): δ � �0.11 (s, 9 H, Me3Si), 3.79 (s, 3 H, OMe), 3.84 (s, 3
H, OMe), 6.12 (s, 1 H, CH�), 6.79 (d, 2 H, Ar), 6.87 (d, 2 H, Ar),
7.10 (d, 2 H, Ar), 7.20 (d, 2 H, Ar) ppm. 13C NMR (CDCl3): δ �

0.00 (Me3Si), 55.10 (OMe), 55.14 (OMe), 113.00 (Ar), 113.13(Ar),
127.03 (CH�), 128.35(Ar), 130.67(Ar), 135.15(Ar), 136.25 (Ar),
156.09(Ar), 158.81(Ar), 159.11 (Ar) ppm. Reaction of 1b (128 mg,
0.47 mmol) with 2b (0.4 mL, 10% in hexane) was also carried out
at room temperature, yielding 2,2-bis(4-methylphenyl)-1-trimethyl-
silylethylene (5f) (12 mg, 0.043 mmol) and 5e (56 mg, 0.144 mmol).
5e: Orange oil. 1H NMR (CDCl3): δ � �0.19 (s, 9 H, Me3Si), 2.25
(s, 3 H, Me), 2.31 (s, 3 H, Me), 6.13 (s, 1 H, CH�), 6.99 (d, 2 H,
Ar), 7.01 (d, 2 H, Ar), 7.07 (d, 2 H, Ar), 7.10 (d, 2 H, Ar) ppm.
HRMS: found 280.1655, calcd for C19H24Si [M�]; 280.1647.

Reaction of 1a with 4,4�-Ditolyldiazomethane (2d): A solution of 2d
(110 mg, 0.50 mmol) in THF (5 mL) was added via a syringe to a
solution of 1a (152 mg, 0.50 mmol) in THF (5 mL) at �78 °C. The
reaction mixture was stirred for 1 h, then warmed to room temp.
and elemental selenium was precipitated. The resulting solution
was filtered and the solvents evaporated to give a pale-orange oil.
This was chromatographed over silica gel by elution with hexane/
dichloromethane (2:1) to afford 1,1-bis(4-methoxyphenyl)-2,2-
bis(4-methylphenyl)ethylene (5i) (156 mg, 0.36 mmol), 5b (5 mg,
0.01 mmol) and 5e (19 mg, 0.05 mmol) in 72, 5 and 20% yields,
respectively. 5i: M.p. 179�180 °C. 1H NMR (CDCl3): δ � 2.25 (s,
3 H, Me), 3.73 (s, 3 H, OMe), 6.63 (d, 4 H, MeO Ar). 6.89 (s, 8 H,
Tol Ar), 6.92 (d, 4 H, MeO Ar) ppm. 13C NMR (CDCl3): δ �

21.15 (Me), 55.05 (OMe), 112.70 (Ar), 128.33 (Ar), 130.95 (Ar),
132.50, 135.52, 136.77, 139.09, 141.45, 157.85 ppm. C30H28O2

(420.5): calcd. C 85.68, H 6.71; found C 85.34, H 6.65. Reaction
of 1a (25 mg, 0.082 mmol) with 2c (16 mg, 0.080 mmol) was also
carried out, yielding 1,1-bis(4-methoxypheny)-2,2-diphenylethylene
(5g) (11 mg, 0.028 mmol) and 5h (9 mg, 0.027 mmol). 5g: M.p.
160�161 °C. (ref.[24] m.p. 154�155 °C). 1H NMR (CDCl3): δ �

3.74 (s, 6 H, OMe), 6.63 (d, 4 H, MeO Ar), 6.95 (d, 4 H, MeO Ar),
6.98�7.02 (m, 4 H, Ph), 7.05�7.16 (m, 6 H, Ph) ppm. C28H24O2

(392.5): calcd. C 85.68, H 6.16; found C 85.82, H 6.17.

Reaction of 1a (70 mg, 0.23 mmol) with 2e (61 mg, 0.24 mmol) was
also carried out at �45 °C. Tetrakis(4-methoxyphenyl)ethylene (5b)
was obtained. (87 mg, 0.193 mmol), m.p. 180�181 °C.

Reaction of Di-tert-butylselenoketone (1d) with Diphenyldiazome-
thane (2c): A solution of 2c (0.204 g, 1.05 mmol) in THF (10 mL)
was added to a solution of 1d (0.205 g, 1.0 mmol) in THF (10 mL)
at 0 °C. After being stirred for 2 h, the solvent was evaporated to
give pale-yellow crystals, which were crystallized from dichloro-
methane/hexane to afford yellow crystals of 1,3,4-selenadiazoline
(3e) (0.287 g, 0.72 mmol), m.p. 112�115 °C. (ref.[3b] m.p.
112�118 °C)

Thermolysis of 3e: A solution of 3e (0.20 g, 0.5 mmol) in benzene
(10 mL) was refluxed for 13 h. Elemental selenium was precipitated
and filtered off, and the solvents were evaporated to give pale-blue
oily crystals, which were chromatographed over silica gel by elution
from hexane, hexane/dichloromethane (2:1), and dichloromethane
to afford 5h (0.010 g, 0.030 mmol), 1,1-di-tert-butyl-2,2-diphenyl-
ethylene (5j) (26 mg, 0.08 mmol), 1c (0.041 g, 0.020 mmol), and
benzophenone (7a) (50 mg, 0.275 mmol). 5j: Colorless crystals,
m.p. 138�140 °C (ref.[25] m.p. 140.5�141 °C).

Reaction of 1,3,4-Selenadiazoline 3e with 2,3-Dimethyl-1,3-buta-
diene: 2,3-Dimethyl-1,3-butadiene (82 mg, 1.0 mmol) in THF
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(5 mL) was added in one portion to a solution of 3e (80 mg,
0.2 mmol) in THF (5 mL) at room temp. The resulting solution
was refluxed for 6 h, and the solvents evaporated to give pale-yel-
low oily crystals, which were chromatographed over silica gel by
elution with hexane and hexane/dichloromethane (1:1) to afford
4,5-dimethyl-2,2-diphenyl-3,6-dihydro-2H-selenopyran (8) (40 mg,
0.124 mmol). 8: Pale-yellow oil (ref.[26] pale-yellow oil).

Reaction of Benzophenone Hydrazone (4a) with Diselenium Dibro-
mide: A solution of diselenium dibromide (640 mg, 2.0 mmol) in
dichloromethane (10 mL) was added to a solution of 4a (196 mg,
1.0 mmol) and triethylamine (410 mg, 4.0 mmol) in dichlorometh-
ane (10 mL) at room temperature. The reaction mixture was stirred
for 3 h, then poured into water, filtered and extracted with di-
chloromethane (3 � 5 mL). The combined extract was dried with
magnesium sulfate and the solvents evaporated to afford a brown
oil, which was chromatographed over silica gel by elution with hex-
ane/dichloromethane (1:1) to afford 5h (123 mg, 0.37 mmol) and
9a (2 mg, 0.01 mmol).

The reaction of 4,4�-dimethylbenzophenone hydrazone (4b)
(224 mg, 1.0 mmol) with diselenium dibromide (640 mg, 2.0 mmol)
in the presence of triethylamine (410 mg, 4.02 mmol) was carried
out in a similar manner. Olefin 5e (85 mg, 0.22 mmol) and 9b
(72 mg, 0.17 mmol) were obtained.

Reaction of Benzophenone Hydrazone (4a) with Diselenium Dibro-
mide in Refluxing Benzene: A solution of diselenium dibromide
(640 mg, 2.0 mmol) in benzene (10 mL) was added to a refluxing
solution of 4a (196 mg, 1.0 mmol) and triethylamine (410 mg,
4.0 mmol) in benzene (10 mL). After refluxing for 3 h, the reaction
mixture was poured into water, filtered and extracted with dichloro-
methane (3 � 5 mL). The combined extract was dried with mag-
nesium sulfate and the solvents evaporated to afford a brown oil
which was chromatographed over silica gel by elution with hexane/
dichloromethane (1:1) to afford 5h (143 mg, 0.43 mmol).

The reaction of 4,4�-dimethylbenzophenone hydrazone (4b)
(224 mg, 1.0 mmol) with diselenium dibromide (640 mg, 2.0 mmol)
in the presence of triethylamine (410 mg, 4.0 mmol) was carried out
in a similar manner. Olefin 5e (159 mg, 0.41 mmol) was obtained.

The reaction of 4,4�-dimethoxybenzophenone hydrazone (4c)
(256 mg, 1.0 mmol) with diselenium dibromide (640 mg, 2.0 mmol)
in the presence of triethylamine (410 mg, 4.02 mmol) was carried
out in a similar manner. Olefin 5b (149 mg, 0.33 mmol) was ob-
tained.

The reaction of 4,4�-dichlorobenzophenone hydrazone (4c)
(265 mg, 1.0 mmol) with diselenium dibromide (640 mg, 2.0 mmol)
in the presence of triethylamine (410 mg, 4.02 mmol) was carried
out in a similar manner. Tetrakis(4-chlorophenyl)ethylene (5k)
(236 mg, 0.42 mmol) was obtained. 5k: colorless crystals, m.p.
216�217 °C (ref.[14] m.p. 216�217 °C).

Reaction of Diselenium Dibromide with 4a and 4c: A solution of
diselenium dibromide (1.28 mg, 4.0 mmol) in dichloromethane
(20 mL) was added dropwise to a solution of 4a (200 mg,
1.02 mmol), 4c (256 mg, 1.0 mmol), and triethylamine (404 mg,
4.0 mmol) in dichloromethane (15 mL) at room temperature. The
reaction mixture was stirred for 5 h, then washed with water (3 �

10 mL ), dried with magnesium sulfate, filtered and the solvents
evaporated to give pale-brown oily crystals, which were chromato-
graphed over silica gel by elution with hexane and dichloromethane
to afford a mixture of 5b (72 mg, 0.16 mmol), 5g (86 mg,
0.22 mmol) and 5h (53 mg, 0.16 mmol). The mixture was separated
by gel HPLC.



Selenobenzophenones and Diazoalkanes FULL PAPER

Acknowledgments
This work was partly supported by a Grant-in-Aid for Scientific
Research (0260415) from the Ministry of Education, Science and
Culture of Japan and Dojindo laboratories.

[1] For reviews, see: [1a] R. Okazaki, Yuki Gosei Kagaku Kyokaishi
1988, 46, 1149�1153. [1b] F. Guziec Jr., in Organoselenium
Chemistry (Ed: D. Liotta), John Wiley & Sons, New York,
1987, pp. 58�83. [1c] F. S. Guziec Jr., L. J. Guziec, in Compre-
hensive Organic Functional Transformation (Eds.:A. R. Katrin-
sky, O. M.-Cohn, C. W. Rees, G. Pattendon), Pergamon, Ox-
ford, 1995, Chapter 3.09.

[2] [2a] K. Okuma, A. Okada, Y. Koga, Y. Yokomori, J. Am. Chem.
Soc. 2001, 123, 7166�7167. [2b] K. Okuma, T. Kubota, Tetra-
hedron Lett. 2001, 42, 3881�3883. [2c] A. M. Carla, M. Arca,
A. J. Blake, F. A. Devillanova, W.-W. du Mont, A. Garau, F.
Isaia, V. Lippolis, G. Verani, C. Wilson, Angew. Chem. Inter.
Ed. Engl. 2001, 40, 4229�4232. [2d] M. Segi, H. Yamamoto, T.
Hori, T. Nakajima, Phosphorus, Sulfur, Silicon, Relat. Elem.
1998, 136, 137, &138, 599�602. [2e] G. M. Li, M. Segi, T. Naka-
jima, Tetrahedron Lett. 1992, 33, 3515�3518.

[3] [3a] T. G. Back, D. H. R. Barton, M. R. Britten-Kelly, F. S.
Guziec Jr., Chem. Commun. 1975, 539. [3b] T. G. Back, D. H.
R. Barton, M. R. Britten-Kelly, F. S. Guziec Jr., J. Chem. Soc.,
Perkin Trans. 1 1976, 2079�2089. [3c] F. S. Guziec Jr., C. J.
Murphy, E. R. Cullen, J. Chem. Soc., Perkin Trans. 1 1985,
107�113. [3d] F. S. Guziec Jr., L. J. SanFilippo, C. J. Murphy,
C. A. Moustakis, E. R. Cullen, Tetrahedron 1985, 41,
4843�4852. [3e] P. R. Brooks, R. Bishop, D. C. Craig, M. L.
Scudder, J. A. Counter, J. Org. Chem. 1993, 58, 5900�5906.

[4] R. H. Berg, N. Harrit, E. Larsen, A. Holm, Acta Chem. Scand.
1989, 43, 885�887.

[5] K. Okuma, K. Kubo, Y. Yokomori, Heterocycles 2003, 60,
299�302.

[6] K. Okuma, K. Kojima, H. Ohta, Phosphorus, Sulfur, and Sili-
con 1993, 80, 259�262.

[7] A. Schönberg, D. Cernik, W. Urban, Ber. Dtsch. Chem. Ges.
1931, 64, 2577�2581.

[8] H. Staudinger, J. Siegwart, Helv. Chim. Acta 1920, 3, 833�840.

Eur. J. Org. Chem. 2004, 820�825 www.eurjoc.org  2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 825

[9] [9a] I. Kalwinsch, L. Xingya, J. Gottstein, R. Huisgen, J. Am.
Chem. Soc. 1981, 103, 7032�7033. [9b] R. Huisgen, L. Xingya,
G. Henry, L. Elke, Helv. Chim. Acta 2001, 84, 981�999. [9c] R.
Huisgen, I. Kalvinsch, L. Xingya, G. Mloston, Eur. J. Org.
Chem. 2000, 1695�1702. [9d] R. Huisgen, L. Elke, N. Heinrich,
Tetrahedron Lett. 1986, 27, 5475�5478. [9e] L. Xingya, R. Hu-
isgen, Tetrahedron Lett. 1983, 24, 4181�4184.

[10] T. Kawashima, S. Watanabe, R. Okazaki, Chem. Lett. 1992,
1603�1606.

[11] [11a] R. Okazaki, A. Ishii, N. Inamoto, J. Chem. Soc., Chem.
Commun. 1983, 1429�1430. [11b] A. Ishii, R. Okazaki, N. In-
amoto, Bull. Chem. Soc. Jpn. 1988, 61, 861�867. [11c] F. S. Guz-
iec Jr., C. A. Moustakis, J. Org. Chem. 1984, 49, 189�190.

[12] A. Ishii, C. Tsuchiya, T. Shimada, K. Furusawa, T. Omata, J.
Nakayama, J. Org. Chem. 2000, 65, 1799�1806.

[13] H. Staudinger, J. Meyer, Helv. Chem. Acta 1919, 2, 635�646.
[14] D. Bethell, J. D. Callister, J. Chem. Soc. 1963, 3801�3808.
[15] A. Schoenberg, E. Frese, Ber. 1962, 95, 2810�2813. N. Latif,

N. Mishriky, Chemistry & Industry, 1969, 15, 491.
[16] T. Oshima, T. Nagai, Bull. Chem. Soc. Jpn. 1977, 50,

1558�1561.
[17] J. Baran, P. Laszlo, Tetrahedron Lett. 1985, 26, 5134�5136.
[18] Y. Makioka, S. Uebori, M. Tsuno, Y. Taniguchi, K. Takaki, Y.

Fujiwara, Chem. Lett. 1994, 611�614.
[19] K. Okuma, K. Kojima, I. Kaneko, H. Ohta, Chem. Lett. 1991,

1053�1056. K. Okuma, K. Kojima, I. Kaneko, Y. Tujimoto, H.
Ohta, Y. Yokomori, J. Chem. Soc., Perkin 1, 1994, 2151�2159.

[20] R. Quetet, J. Allard, Bull. Soc. Chim. Fr. 1940, 7, 215�227.
[21] R. E. Buckles, W. D. Womer, J. Am. Chem. Soc. 1958, 80,

5055�5058.
[22] H. Ryan, N. Cullinane, Proc. Roy. Irish Acad. 1924, 36B,

155�163.
[23] A. Arcadi, S. Cacchi, F. Marinelli, Tetrahedron Lett. 1986, 27,

6397�6400.
[24] E. Bergmann, S. Fujise, Ann. 1930, 483, 65�80.
[25] D. H. R. Barton, F. S. Guziec Jr., I. Shalak, J. Chem. Soc.,

Perkin 1 1974, 1794�9.
[26] K. Okuma, J. Sakata, Y. Tachibana, T. Honda, H. Ohta, Tetra-

hedron Lett. 1987, 28, 6649�6653.
Received August 8, 2003


