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Summary: The first tandem radical cyclization/intra-
molecular Diels—Alder reaction has been achieved lead-
ing to a stereocontrolled synthesis of 6,6,5-membered
tricyclic compounds from acyclic polyunsaturated sub-
strates in a one-pot sequence. An initial 5-(;1-ex0)-exo-
dig mode cyclization generated a vinylic carbon-centered
radical which did not undergo further cyclization. After
having been reduced, the diene intermediate reacted
intramolecularly with a dienophile in a [4 + 2] cyclo-
addition reaction.

In the past few years, the complexity of target mol-
ecules has increased considerably which required chem-
ists to find new methodologies allowing them to build a
maximum of carbon—carbon bonds with minimal steps.
This was successfully accomplished by the tandem radical
reactions,! transition metal-catalyzed reactions, or peri-
cyclic—pericyclic sequences,? but the radical—pericyelic
sequence has not been yet investigated. Whereas the
Diels—Alder reaction has been already used for the
synthesis of compounds that are properly constituted to
undergo radical cyclization,® we are unaware of previous
examples in whichboth reactions were coupled in a one-
pot sequence.

Herein, we want to report the first tandem radical
cyclization/intramolecular [4 + 2] cycloaddition leading
to the stereoselective synthesis of 6,6,5-membered tri-
cyclic compounds in a one-pot reaction from acyclic
substrates.

Very recently, we have disclosed a new [2 + 1] radical
cycloaddition reaction from acyclic polyunsaturated com-
pounds 1 generating a dienic radical intermediate which
gave two consecutive 6-exo-trig and 3-exo-trig mode
cyclizations to deliver in 25% yield 8.4 We then decided
to examine the behavior of the same diene intermediate
where the newly generated vinylic carbon-centered radi-
cal could not undergo further cyclization. After being
reduced, this very reactive diene® would appear as a
convenient substrate for an intramolecular [4 + 2]
cycloaddition reaction® (Scheme 1).

The study of this novel conceptual advance in the field
of free-radical chemistry required the preparation of the
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trisubstituted vinylic iodide 2 which was efficiently
synthesized, as a 9/1 unseparable mixture of Z and E
isomers, in nine steps from 5-hexynal in 43% overall
yield.” It is noteworthy that the stereochemistry of 2
should be without importance for the strategy described
before. Indeed, o-vinyl radicals have a very low barrier
of inversion,® and the initial 5-(;-exo0)-exo-dig cyclization
process should lead mainly to the E trisubstituted
exocyclic double bond.?

Compound 2 was treated by tributyltin hydride (1.5
equiv) with 0.1 equiv of AIBN in refluxing benzene (0.02
M) over a period of 16 h.1® In these conditions, the
tricyclic product 4 was isolated in 46% yield (60% based
on recovered starting material) as a single stereomer.!!
As it was expected, the initially generated vinyl radical
preferentially cyclized in the Z configuration to provide
a dienic radical intermediate which was subsequently
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reduced and then reacted in an intramolecular [4 + 2]
cycloaddition reaction. Compound 4 was also accompa-
nied by 10% of the corresponding reduced vinyl iodide
and by 30% of unidentified products due to a polymeri-
zation of the very reactive enone as we had already
observed in the case of the [2 + 1] cycloaddition reaction.*
Importantly, the mixture of Z and E isomers (9/1) was
unchanged in the recovered starting material (14%)
indicating that the stereochemistry of 2 was effectively
of no importance for our strategy.'?

Nevertheless, in that case, there was a possibility that
the formation of 4 was the result of a 10-endo/6-exo
radical macrocyclization—transannulation process!?® al-
though the stereoselectivity was in good agreement with
the favored endo-like addition® according to the Alder
rule. In order to prove the validity of this new tandem
reaction, we next accomplished the cyclization of 5 (Z,E/
E E = 6/4) where a 10-endo-trig mode cyclization cannot
be involved.'* The cyclization of 5 was performed with
1.2 equiv of BusSnH under the same conditions as
described before and proceeded cleanly to furnish a 4/1
unseparable mixture of 6 and 7 in 72% yield (Scheme 2).
Once again, the tricyclic product 6 was isolated as a
single stereomer which was the result of a favored endo-
like addition vs exo-like one where a destabilizing inter-
action was developed for the latter as shown in Scheme
3. The relative stereochemistry was determined by the
'H-NMR spectrum based on the J coupling constants
(Scheme 3). A second experiment with BusSnD showed
that the dienic radical intermediate was not reduced
stereoselectively, giving a 1/1 diastereomeric ratio, with
an approach of the deuterium atom donor which was anti
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as well as syn to the E trisubstituted exocyclic double
bond.!® Interestingly, the initial vinyl radical did not
cyclize exclusively in the Z configuration and led to the
Z trisubstituted exocyclic double bond in part. Thus, a
(1,5) hydrogen atom transfer occurred to provide the
thermodynamically most stable trienic compound 7
(Scheme 4). This is, in our opinion, the first example of
a (1,5) hydrogen shift from such a dienic radical. Finally,
just like with the cyclization of 2, when the reaction was
conducted with less than 1 equiv of BusSnH, the mixture
of isomer (Z,E/E.E = 6/4) was unchanged in the recovered
starting material 5.2

In conclusion, this new radical-pericyclic sequence may
well lead for a general method for the stereocontrolled
synthesis of many polycyclic molecules, and further
investigations are under progress in our laboratory by
using various dienophiles in order to define the scope of
this strategy.

Supplementary Material Available: 'H and '*C NMR
spectra for 2 and 4—7 (10 pages). This material is contained
in libraries on microfiche, immediately follows this article in
the microfilm version of the journal, and can be ordered from
the ACS; see any current masthead page for ordering informa-
tion.
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