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SELENOFLUORENONE: SYNTHESIS AND CYCLOADDITION CHEMISTRY
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Department of Chemistry, Syracuse University
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Summary: Selenofluorenone, prepared from fluorenyl selenocyanate by base-induced elimination, participates
efficiently in Diels-Alder cycloaddition and 1,3-dipolar cycloaddition reactions.

Significant interest in the chemistry of highly reactive carbon-heteroatom double bonds has developed over
the past decade. Notable accomplishments include the synthesis of carbon-silicon double bonds by West and
Michl,12 T, J. Barton,1b and others, and the synthesis of carbon-sulfur double bonds in thioaldehydes by Vedejs2
and others.3 Selenium-carbon double bonds also have attracted attention, with the first synthesis of sterically
hindered selenoketones by D. H. R. Barton* and Guziec3, and more recently with the synthesis of highly reactive
selenoaldehydes by us.6 In this Letter we describe the simple and efficient synthesis of selenofluorenone (1), and
its cycloaddition reactions with dienes and dipoles.

The synthesis and cycloaddition reactions of selenofluorenone proceed readily in two steps from fluorenyl
bromide as illustrated below. Treatment of fluorenyl bromide? with potassium selenocyanate in refluxing THF
produces fluorenyl selenocyanate in 90% yield, which is converted to selenofluorenone upon syringe pump addition
of Et3N in CH,Cly/THF over 2-8 hours at 25°C.8 Selenofluorenone generation occurs in the presence of diene or
dipole reactants, resulting in rapid and efficient trapping via cycloaddition reaction.9 Table I outlines the results of
these cycloaddition reactions.!0
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In all instances, the generation and cycloaddition reactions of selenofluorenone proceeded with high
efficiency (82-98% yields). Excellent cycloaddition regioselectivity also was observed, with formation of a single
isomer (> 50:1) in reactions with 1-substituted dienes, and mixtures of regioisomers (7:3 to 5:1) in reactions with 2-
substituted dienes. The regiochemical results in the Diels-Alder reactions are consistent with a frontier molecular
orbital interpretation!! involving predominant transition state interactions between the LUMO of selenofluorenone
(large coefficient on selenium) and the HOMO of the diene. The regiochemical influence of the fluorenyl ring
system is similar to the influence of electron withdrawing substituents, rather than conjugating substituents,12 due to
the stability of the aromatic fluorenyl carbanion.

3887



3888

Table I. Diels-Alder cycloaddition reactions of selenofluorenone.10

Entry Diene Adduct(s) Yield (%)
1 7\ “S‘e | 98
2 / \< 93
3 / \> 82
4 )W__ 96
5 /7 \7 93

OR
6 7 §
R = Et, TBS 91
94
OTMS
7 Meoﬂ 93
8 —/ \_co,Et 88
9 @ 97
OTBS
10 (j 91




3889

The determination of cycloadduct regiochemistry

was accomplished by a combination of several methods,
- - N 1. ZWHOAC
including extensive NOE experiments, chemical modifi- 3

cation and single crystal X-ray diffraction. For adducts of 1 10°C 2h .

C-1 substituted dienes, NOE experiments indicated sig- 2. Hy/Pd-C O O
nificant enhancement (10-15%) of the C-3' methine proton 77% 3
resonances and the resonances of protons attached to the C-3' substituent. Only small (< 3%) or no enhancement
was observed for the C-6' methylene resonances in these adducts.13 Corroboration of NOE interpretations was
obtained by reductive deselenation and olefin hydrogenation, as illustrated above for conversion of the trans-2-
methylpentadiene adduct 2 to 2-fluorenyl-4-methylpentane, 3, which was identified by NMR and mass spectral
data. For enol ether adducts of 2-siloxy or 2-alkoxy substitued dienes, hydrolysis and separation provided isomeric
tetrahydroselenapyrones which were easily identifiable by their NMR spectra.

Selenofluorenone also reacted with dipolar reagents, though in only one reaction, involving 2,4,6-
trimethylbenzonitrile-N-oxide, could a cycloadduct 4 be isolated. Several other dipoles (e.g. nitrones, ethyl diazo-
acetate, stabilized azomethine ylides) reacted, but no isolable cycloadducts could be obtained from multicomponent
reaction mixtures.}4 13C-NMR data permitted tentative regiochemical assignment of the nitrile oxide cycloadduct.
A single crystal X-ray analysis provided unambiguous confirmation of the structure as the 1',4',2"-oxaselenazole 4
(Figure 1).15 This result is not consistent with the FMO interpretation discussed above which would have predicted
reversed regiochemistry. However, the regiochemistry observed here may be the result of predominant steric inter-
actions between the fluorenyl ring and the aryl group,
destabilizing the transition state leading to the expected
regioisomeric isoxaselenazole. 16
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Figure 1. PLUTO representation of 4.

Pyridine N-oxide did not undergo 1,3-dipolar cycloaddition, however. In this instance a 25-30% yield of a
dimeric selenofluorenone adduct 5 was isolated. This structure was determined by NMR, mass spectral data and
reductive deselenation, which afforded the known 9,1'-bifluorenyl. This selenofluorenone dimer also had been ob-
served in several Diels-Alder reactions, though only in trace quantities (2-10%).17

The cycloaddition reactions of selenofluorenone described in this Letter
represent the first such examples involving selenoketones, and provide insight
into structural and electronic characteristics of the selenium-carbon double
bond. Efforts to explore the chemistry of selenocarbonyl adducts and to expand
the scope of selenocarbonyl reactivity are continuing in our laboratories.
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