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An H5C*-type free-radical chain reaction selectively generates up to three new bonds and three new stereocenters in one pot. This previously

unexploited strategy provides a straightforward route to the tricyclic cyclopenta[

clindene skeleton, present in a wide range of pharmacologically

active natural products, and can significantly simplify the synthesis of other strained polycyclic structures by sidestepping protection,

deprotection, and functional group interconversion steps.

Remarkable examples of complex asymmetric structuressitu formation of new carbocycles at nonactivated carbons
accessed by radical chain reactions have been reported irwould considerably simplify the preparation of such com-

the last two decadés, and free-radical processes are

pounds by reducing the number of functional group inter-

increasingly considered as late-stage strategies in totalconversion steps. To our surprise, we found that the

syntheses. More particularly, the activation of 8 bonds

intramolecular addition of free radicals generated in situ at

via intramolecular hydrogen abstraction by alkoxy radicals nonactivated carbohfso olefins has scarcely been investi-
has found important synthetic applications in the formation gated. Indeed, what appears to have been the only systematic

of the tetrahydrofuran core and in the functionalization of

study of such processes was reported lek@vicin a brief

numerous natural products with oxygen, nitrogen, halogen, communicatiof on the photolysis of nitrites and hypochlo-

and sulfug-¢
In the course of our work, in the synthesis of strained
polycyclic vitamin D analogues, it occurred to us that the in
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rites derived from 8-nonenol and 9-decenol. We, therefore,
decided to explore the synthetic scope of this reaction.

As a start, we decided to test the hypothesis thatight
be accessible fror (Scheme 1) through a one-pot process
involving the formation of an alkoxy radical at €®llowed
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s use of approximately stoichiometric quantities of reagents

Scheme 1. Proposed Mechanism of the’€f* Radical afforded equimolecular mixtures dfa and the tricyclic
Cascade alcoholla(Scheme 2, entry 2). Ultrasoutdvas an efficient

substitute for irradiation (Scheme 2, entry 3). The intermedi-
ate iodide2b was also isolated, as a 62:38 mixture of C23
epimerst® Remarkably, the hypoiodite reaction thus provides
up to three new bonds and three stereogenic centers.

The stereochemistry dfaat C22, elucidated by NOEH
NMR experiments on the corresponding -G8TBDMS
derivative (see Supporting Information), is as predicted by
molecular mechanics conformational analysis 3af and
complies with that observed for 4-substituted hexenyl
radicalst® Compoundla would follow by abstraction of
hydrogen from the solvent by the new carbon radical

We next reasoned that using a Barton-tymrategy to
generate the alkoxy radical would preclude the initiation of

2 WG = electron-withdrawing group (Cf&t, CN, SQPh). X= a second radical cascade frdnand therefore the formation
H, 1, 4-nitrophenylsulfenyl. of compounds of type2 (Scheme 1). Thus, homolytic
cleavage of 4-nitrophenylsulfenaté®3b in cyclohexane at

5 . . ) room temperature yielded the desired tricyclic alcohal
by an HC*> radical cascad® consisting of abstraction of a and thioethefLb along with ketoneta, which can be easily

C18 hydrogen and intramolecular addition of the resulting .;nverted to the starting alcohol (Scheme 3, entry®1).
radical to an electron-deficient double or triple bdad.o Reduction of isolatedb with Raney nickel provided the

this end, Michael accepto@were prepared from vitamin ey clic alcohollain 95% yield. More conveniently, direct

D2, which required three steps and no protecting groups (S€€gyction of the reaction mixturea + 1b + 4a under the
Supporting Information).

"y ) same conditions gave a mixture of alcola and ketone
Irradiation of alcohoBawith a 300 W tungsten lamp under 4o (entry 2). The use of benzene as cosolvent favored the
Suaez's?? hypoiodité® conditions afforded unstable dia-

St _ ; _ formation of4a (entry 3). Irradiation of3c produced only
stereomeriax-iodoesters that were immediately reduced with 4. ther1d and ketonetb (entry 4), but direct reduction of

Zn in HOAc (Scheme 2). When more than 2 equiv of e reaction mixture afforded onlgc and 4b (entry 5).
Irradiation of 3d followed by reduction of the reaction

_ mixture yielded sulfonele (entry 6), which can be further

Scheme 2. Irradiation of3a under the Hypoiodite ConditioAs manipulated byx-carbanion chemistry.

WG— Irradiation of 3g2° in which the unsaturation is a triple

y bond, produced the expected mixture &)-(and @)-a,5-

unsaturated estelg) along with ketoneld (Scheme 4). The

(a) DIB, I, CyH
hv or y)

—_—
(b) Zn, HOAG
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Scheme 3. Irradiation of p-Nitrophenylsulfenate8b—d?

hv
hv [H] (%)
[11 |Bb, WG=CO2Et [CyH Ni-Raney, EtOH, A, (95) 1a, 50% 1b, 21% 4a, 24%
[2] [Bb, WG=CO2Et [CyH Ni-Raney,EtOH, A 1a, 70% 1b, -— 4a, 24%
[3] [Bb, WG=CO2Et [CyH/PhH(3:1) o 1a, 31% 1b, 34% 4a, 34%
[4] [Bc, WG=CN ICyH/PhH(3:1) | Ni-Raney, EtOH, A, (95) 1c, - 1d, 65% 4b, 28%
[5] [3c, WG=CN CyH/PhH(3:1) | Ni-Raney, EtOH, A, (95) 1c, 50% 1d, - 4b, 40%
[6] Bd, WG=SO2Ph [CyH/PhH(3:1) | NiB2, EtOH, A, (80) 1e, 50% 1f, — 4c, 43%

a ArS = 4-nitrophenylsulfenyl.

configuration of the C22 double bond id)¢1g and E)-1g
was established by 1D DPFGSE-NOESY analysis of the pureably, irradiation of3e followed by hydrogenation of the
isomers (see Supporting Information). No cross-coupled reaction products provided alcohbh in 80% yield.

thioether products were observed, presumably because the In conclusion, these results show that théCH-type
vinylic radicalsC (Scheme 1) capture a hydrogen radical radical cascade is a predictable and synthetically useful
from the solvent. Hydrogenation of the mixtui&k)-1g to

Scheme 4. Irradiation of3e?

ArsSO H
so%j

3e
hv, CyH; H,, v
Ni-Raney, EtOH 3:1 (75%)
H,, Pd/C
EtOH, 95%

aWG = CO,EL.
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alcohollawas achieved with a variety of catalysts. Remark-

process. In this work, it provided a straightforward route to
the tricyclic cyclopentaflindene skeletof which is present

in a wide range of pharmacologically active natural products
as well as in a novel family of vitamin Panalogueg?
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