Tandem ring-closing metathesis—radical cyclization based on
4-(phenylseleno)butanal and methyl 3-(phenylseleno)propanoate — a route to
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o,0-(Phenylseleno) carbonyl compounds, such as 4-(phenyl-
seleno)butanal (1) and methyl 3-(phenylseleno)propanoate
(2), are easily converted by anionic reactions into substances
that undergo sequential ring-closing metathesis and radical
cyclization, affording bicyclic products.

The usefulness of radical cyclization is often determined by the
ease with which the cyclization substrates can be made. In this
regard, the nature of the homolyzable group is, of course,
important, because this determinesthe stages at which it may be
introduced. In particular, early introduction can avoid the extra
steps involved in replacing a non-homolyzable group by one
that is homolyzable. For radical generation, phenyl selenides
have the distinct advantage that the PhSe group is usually inert
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Scheme 1 (a) Yield from 1. (b) Corrected for recovered 3b. (c) First yield
is for the oxidation of 6 to the corresponding ketone; second yield for
reaction of the ketone with allylmagnesium bromide.
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to basic or nucleophilic reagents' and, among the common
transformations, care need be exercised only in the choice of
oxidizing agent23 when seleniumis present. We have found that
the PhSe group is compatible with the Grubbs catalyst
(Cy3P)Cl Ru=CHPh,4-8 and we report that o,-(phenylseleno)
carbonyl compounds, such as 4-(phenylseleno)butanal (19) and
methyl 3-(phenylseleno)propanoate (219) are useful for the
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construction of substances that undergo sequential ring-closing

metathesis!! and radical cyclization. The PhSe group alowsthe
use of anionic chemistry that would not be suitable in the
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Scheme 2 (a) Yield of more polar isomer [(3w,3aP3,68p)-stereochemistry]
60%; yield of less polar isomer [(3w,3ax,6ac)-stereochemistry] 25%.
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presence of halogen or carboxy groups as the eventual source of
radicals.12 Several publications have reported that the catalyst is
usually not compatible with sulfide substrates.4>

The starting materials 3b—8b (Scheme 1) for the metathesis—
radical closure sequence were made asfollows. Aldehyde 1 was
converted into acohols 3 (80%), 5 (87%), and 6 (60%)
(Scheme 1) by reaction with vinyllithium, allylmagnesium
bromide, and but-3-enylmagnesium bromide, respectively.
Reaction of 1 with phenyllithium (50%), oxidation, using
pyridine-SOz; in DMSO? (87%), and treatment of the resulting
ketone with vinyllithium afforded alcohol 7 (85%).

The acohols 3, 5, 6 and 7 were easily converted into
substrates for ring-closing metathesis by simpleionic reactions.
Acylation of 3 and 5 with acryloyl chloride (EtsN, DMAP,
CHCl,) gave 3b (64%) and 5b (71%), respectively (Scheme 1),
and the ethers 4b (65%) and 7b (73%) were made by alkylation
(NaH, THF) of 3 with 2-chloromethyl-3-[(phenylmethyl)-
oxy]prop-1-enet3.14 and of 7 with alyl bromide, respectively.

The metathesis substrate 6b was prepared by oxidation of 6
(87%), again using the pyridine-SOs—DM SO system—uwhich is
an excellent reagent for selective oxidation of phenylseleno
acohols—and treatment with alylmagnesium bromide
(78%).

The bis-allyl selenide 8b was obtained directly from ester 2
by the action of allylmagnesium bromide (78%).

Each of the bis-olefins shown in Scheme 1 underwent ring-
closing metathesis in the presence of (CysP).Cl,Ru=CHPh
(8-12 mol%; 22% for 3b), and the products were isolated by
flash chromatography. The reactionswere usually runin PhH at
50 °C for 12 h [4b, 6b (65 °C), 7b, 8b (refluxing PhH,15 8 h)],
or in refluxing CH,Cl, in the presence of Ti(OPr-i)4,16 (42 h,27
3b, 8 h, 5b). In the case of the acrylates (3b, 5b), Ti(OPr-i)4
must be added to complex the ester carbonyl and prevent
unproductive complexation of carbenoid intermediates.18

The radical cyclization step (see Scheme 2), leading to 3d,
4d,e, 5d-8d, was carried out under standard conditions by
syringe pump addition (over ca. 10 h) of a PhH solution of
BusSnH (1.4-2.2 equiv., 0.01-0.08 M) and AIBN (0.2-0.4
equiv., 0.006-0.03 M) to arefluxing solution (0.01-0.02 M) of
the substrate (1 equiv.) in the same solvent. In the case of 6¢c we
isolated only the product of 6-exo cyclization, and not the
isomeric alcohol resulting from 7-exo closure.1®

The above experiments establish that the PhSe group, which
serves as avery convenient radical source, can be introduced at
an early stagein synthetic routesthat involveionic reactions and
that end with sequential application of two powerful bond-
forming processes, ring-closing metathesis and radical cycli-
zation.

All new compounds were characterized spectroscopically,
including high resolution mass measurements.
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