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ABSTRACT

The influence of various Lewis acids in the radical cyclization of â-allyloxyalkyl phenyl selenides was investigated. Whereas the unperturbed
cyclization afforded trans-2,4-disubstituted tetrahydrofurans as the major products (cis/trans ≈ 1/4.5), cyclization in the presence of
trialkylaluminums (3 equiv) afforded predominantly (cis/trans ≈ 7/1) the corresponding cis-isomers.

In addition to metal-mediated synthesis, radical chemistry
has emerged during the last 15 years as one of the most
interesting methods for carbon-carbon bond formation.1

Once it was established that radical reactions are often “well-
behaved” in the sense that chemo- and regioselectivity can
be controlled without much difficulty, the attention was
focused (and still is) on the stereoselectivity of radical
transformations.2 Whereas enantioselective reactions of
radicals are still rare, diastereoselectivity control in acyclic
systems has seen remarkably rapid progress recently.3

Diastereoselective reactions of cyclic radicals are also not
uncommon. The vast majority of stereoselective radical
reactions are 5-exo-cyclizations of variously substituted
(including oxa and aza analogues) 5-hexenyl radicals.
Diastereoselectivity in these systems is primarily governed
by conformational and steric effects as described by the
Beckwith-Houk transition state model.4 Thus, 1- or 3-sub-
stituted 5-hexenyl radicals afford predominantlycis-disub-
stituted products, whereas 2- and 4-substituted derivatives
give the correspondingtrans-isomers in excess. Selectivity
rarely exceeds 4/1 in favor of the major diastereomer, though.
Significant perturbation of Beckwith-Houk selectivities can
be obtained by Lewis acid complexation5 or by the stereo-
chemical influence of the anomeric effect.6 By variation of
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the steric bulk of the N-substituent, we recently were able
to control diastereoselectivity in the preparation of 2,4-
disubstituted pyrrolidines via radical cyclization.7

In the present paper we report attempts to control dia-
stereoselectivity in the synthesis of tetrahydrofurans via
radical cyclization. The preparation of radical cyclization
precursors involved regioselective ring-opening of epoxides
with benzeneselenolate, followed by O-allylation (Scheme
1).8

With the perspective to perturb Beckwith-Houk diaste-
reoselectivity by O-complexation, the photoinduced radical
cyclization of compound1a (Table 1) in the presence of
AIBN9 andn-Bu3SnH was then studied in the presence of 3
equiv of various Lewis acids.10 In the absence of an additive,
this reaction is moderatelytrans-selective (cis/trans) 1/4.5).

To our disappointment, certain Lewis acids prevented
initiation of the radical reaction (Ni(acac)2, (C6F5)3B) or made
the reaction proceed with very low conversion (BF3‚OEt3,
Ti(O-i-Pr)4). Lewis acids containing a nucleophilic group
(TiCl4, MeAlCl2, Et2AlCl, GaCl3) converted the starting
material either into the correspondingâ-chloroselenide
(TiCl4) or into allylbenzene (GaCl3, Et2AlCl, and MeAlCl2).
Other Lewis acids did not seem to affect the diastereo-
selectivity at all (Zn(OTf)2, Me2AlOPh).

The best results were obtained with trialkylaluminums. In
the presence of 3 equiv ofi-Bu3Al, 2-benzyl-4-methyltetra-
hydrofuran (2a) was isolated in 69% yield as a 6.8/1-mixture
of cis- and trans-isomers. To examine the effects of
increasing amounts of Lewis acid on diastereoselectivity,
radical cyclization of compound1a was performed in the

presence of 1.5, 3, 6, and 12 equiv of Me3Al, Et3Al, or i-Bu3-
Al (Table 2). As shown, thecis/trans-ratio was approximately

4/1 using 1.5 equiv of the trialkylaluminum. The ratio then
increased slowly by further addition of Lewis acid. Contrary
to our expectations, the sterically most demandingi-Bu3Al
did not increase diastereoselectivity beyond those values
recorded for Me3Al and Et3Al.

The poor conversion of starting material was a drawback
with Me3Al and i-Bu3Al. When 12 equiv of Me3Al was used,
the yield dropped to 55%. However, if the reaction time was
extended to 30 h and a second portion of AIBN andn-Bu3-
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Scheme 1. Synthesis of Radical Precursors

Table 1. Radical Cyclization in the Presence of Various Lewis
Acids

Lewis acid (3 equiv) yielda (%) cis/trans-ratio

- 77 1/4.5
Ni(acac)2 0b

(C6F5)3B 0b

BF3‚OEt2 34 (56c) 1/3.5
Ti(O-i-Pr)4 25 (69c) 1/4
TiCl4 0d

GaCl3 0e

MeAlCl2 0e

Et2AlCl 26e 4.5/1
Zn(OTf)2

f 75 1/4
Me2AlOPhg 64 1/4.1
Me3Al 74 5.8/1
Et3Al 79 5.1/1
i-Bu3Al 69 6.8/1

a Isolated yield.b Only starting material was recovered.c On the basis
of consumed starting material.d 2-Chloro-3-phenylpropyl phenyl selenide
was formed.e Allylbenzene was formed.f Only partly dissolved.g The
reaction was performed in toluene. One equivalent of phenol was added to
Me3Al at -78 °C before selenide, AIBN, andn-Bu3SnH were added.

Table 2. Radical Cyclization of Compound1a in the Presence
of Various Trialkylaluminums

Lewis acid equiv yielda of 2a (%) cis/trans-ratio

Me3Al 1.5 84 2.1/1
Me3Al 3 74 5.8/1
Me3Al 6 60 7.6/1
Me3Al 12 55 (85b) 7.8/1
Et3Al 1.5 87 4.7/1
Et3Al 6 81 6.3/1
Et3Al 12 80 7.1/1
i-Bu3Al 1.5 71 3.5/1
i-Bu3Al 3 69 6.8/1
i-Bu3Al 6 45 6.9/1
i-Bu3Al 12 55 6.9/1

a Isolated yield.b Reaction time) 30 h (instead of 15 h); a second portion
of AIBN and Bu3SnH was added after 15 h.
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SnH was added after 15 h, 85% of the desired product was
isolated. Conversion was not a problem with Et3Al. There-
fore, radical cyclization of a few other substrates was studied
in the absence or presence of 3 equiv of Et3Al (Table 3).

Replacing the benzyl group in the radical precursor for a
butyl gave a slightly bettercis-selectivity (Table 3, entry 1).
Compound1c (derived from a 1,2-disubstituted epoxide)
upon cyclization afforded the 2,3,4-trisubstituted tetrahydro-
furan 2c as a mixture ofexo- and endo-isomers. In the
presence of triethylaluminum, formation of theendo-isomer
was highly favored (endo/exo) 11.4/1) as compared with
the unperturbed reaction (endo/exo) 1/3.2). A similar
dramatic reversion of diastereoselectivity was observed in
the cyclization of the cyclooctene oxide derived radical
precursor1d (Table 3, entry 3). The influence of triethyl-
aluminum on diastereoselectivity in the synthesis of 3,4-
disubstituted tetrahydrofurans was also investigated (Table
3, entry 4). As expected, diastereoselectivity was much less
changed in favor of thecis-isomer in the presence of the
Lewis acid.

Since compounds5 and6 are Lewis acid sensitive, they
underwent hydrolysis during reaction/workup and none of
the desired products of radical cyclization was isolated
(Scheme 2).

Our results with 2,4-disubstituted tetrahydrofurans may be
rationalized using the Beckwith-Houk transition state model.
In the absence of trialkylaluminum, transition state A (TS
A), where the R-group is equatorial, is favored over TS C
(Scheme 3). If the Lewis acid is complexed to oxygen, the

R-group is forced to adopt an axial position (TS D favored
over TS B), resulting in formation of thecis-isomer. In
support of this hypothesis, compound1a when submitted to
radical cyclization in THF containing 3 equiv of Et3Al

Table 3. Radical Cyclization in the Absence/Presence of 3 equiv of Et3Al

a Isolated yield.b NMR yield (volatile products).c endo/exo-Ratio ofcis-fused products.d In additon, 21% oftrans-fused products was also obtained.e In
addition, 12% oftrans-fused products was also obtained.

Scheme 2

Scheme 3. Transition States Considered in the Synthesis of
Tetrahydrofurans via Radical Cyclization
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afforded thetrans-isomer (cis/trans) 1/5.1) as the major
product in 85% yield. Since THF competes with the substrate
for Et3Al, no Lewis acid effect is observed.

The preferential formation of theexo-isomer of compound
2c in the unperturbed cyclization reaction may be explained

by assuming acis-decalin-like transition state (Scheme 4,
left). Complexation by triethylaluminum from above either
directs cyclization to occur via a boat conformer (Scheme
4, right) or via the other chair to giveendo-2c.

In conclusion, it was possible to substantially perturb
Beckwith-Houk diastereoselectivity in the radical cyclization
synthesis of tetrahydrofurans by addition of trialkylalumi-
nums.
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Scheme 4. Transition States Considered in the Formation of
Compound2c
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