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The influence of various Lewis acids in the radical cyclization of #-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

Diastereoselective reactions of cyclic radicals are also not

has emerged during the last 15 years as one of the mosuncommon. The vast majority of stereoselective radical

interesting methods for carbon—carbon bond formation.

Once it was established that radical reactions are often “well-

reactions are ®xo-cyclizations of variously substituted
(including oxa and aza analogues) 5-hexenyl radicals.

behaved” in the sense that chemo- and regioselectivity canDiastereoselectivity in these systems is primarily governed

be controlled without much difficulty, the attention was
focused (and still is) on the stereoselectivity of radical
transformations. Whereas enantioselective reactions of
radicals are still rare, diastereoselectivity control in acyclic

systems has seen remarkably rapid progress recently.

(1) Giese, BRadicals in Organic Synthesis: Formation of-C bonds
Pergamon Press: Oxford, 1986. Regitz, M., Giese, B., Hdsben-Weyl,
Methoden der Organishen Chenigand E19a, C-Radikale, Teitt2; Georg
Thieme Verlag: Stuttgart, 1989. Curran, D. PGomprehensive Organic
Synthesis; Trost, B. M., Fleming, |., Semmelhack, M. F., Eds.; Pergamon
Press: Oxford, 1991; Vol. 4, p 715 and 779. Motherwell, W. B.; Crich, D.
Free Radical Chain Reactions in Organic Synthegl€ademic Press:
London, 1992. Fossey, J.; Lefort, D.; SorbaFdee Radicals in Organic
Chemistry; Wiley: Chichester, 1995.

(2) Curran, D. P.; Porter, N. A.; Giese, Btereochemistry of Radical
Reactions— Concepts, Guidelines and Synthetic ApplicatjoR<CH:
Weinheim, 1996. See also: Giese, B.; Kopping, B.; Go6bel, T.; Dickhaut,
J.; Thoma, G.; Kulicke, K. J.; Trach, Prg. React.1996,48, 301.

(3) For representative examples, see: Easton, C. J.; Merrett, M. C.
Tetrahedron1997,53, 1151. Guindon, Y,; Slassi, A.; Rancourt, J.; Bantle,
G.; Benchegroun, M.; Murtagh, L.; Ghiro,;Blung, GJ. Org. Chem1995,

60, 288. Morikawa, T.; Washio, Y.; Harada, S.; Hanai, R.; Kayashita, T.;
Nemoto, H.; Shiro, M.; Taguchi, . Chem. Soc., Perkin Trans.1D95,
271. Guindon, Y.; Yoakim, C.; Gorys, V.; Ogilvie, W. W.; Delorme, D.;

10.1021/0l016429s CCC: $20.00
Published on Web 10/05/2001

© 2001 American Chemical Society

by conformational and steric effects as described by the
Beckwith—Houk transition state modg€Thus, 1- or 3-sub-
stituted 5-hexenyl radicals afford predominantig-disub-
stituted products, whereas 2- and 4-substituted derivatives
give the correspondingans-isomers in excess. Selectivity
rarely exceeds 4/1 in favor of the major diastereomer, though.
Significant perturbation of BeckwithHouk selectivities can

be obtained by Lewis acid complexatfoor by the stereo-
chemical influence of the anomeric effédBy variation of
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the steric bulk of the N-substituent, we recently were able ||| NG
to_ cont.rol dlasterepselectlylty |n_ the prgpgratlon of 2,4- Table 1. Radical Cyclization in the Presence of Various Lewis
disubstituted pyrrolidines via radical cyclizatién. Acids

In the present paper we report attempts to control dia- B
stereoselectivity in the synthesis of tetrahydrofurans via “wﬂ SePh AIBN, n-Bu;SnH B“\OW

f ; ; ; : : ; Lewis acid (3 eq)
radical cyclization. The preparation of radical cyclization O —

precursors involved regioselective ring-opening of epoxides 0 0
. N la Benzene, hv, 17 °C 2a
with benzeneselenolate, followed by O-allylation (Scheme
1)8
Lewis acid (3 equiv) yield? (%) cis/trans-ratio
) ) Ni(acac), ob
Scheme 1. Synthesis of Radical Precursors (CeFs)sB ob
(PhSe), NaH, BF3-OEt;, 34 (56°) 1/3.5
R e NaBH, RT/\ Seph Ayl bromide RT/\ SePh Ti(O-i-Pr), 25 (69°) 1/4
o — —_— TiCly od
EtOH OH THF, reflux OA GaCls 0e
MeAICI, 0°
Et,AICI 26¢ 45/1
i ) i i Zn(OTH),f 75 1/4
With the perspective to perturb Beckwitidouk diaste- Me,AlOPhY 64 1/4.1
reoselectivity by O-complexation, the photoinduced radical MesAl 74 5.8/1
cyclization of compoundla (Table 1) in the presence of EtAI 79 5.1/1
AIBN? andn-BwSnH was then studied in the presence of 3 -BusAl 69 6.8/1
equiv of various Lewis acid®¥.In the absence of an additive, 2lsolated yield? Only starting material was recoveredOn the basis
this reaction is moderatet;ans-selective (ciﬂians= 1/4_5)_ of consumed starting materidl2-Chloro-3-phenylpropyl phenyl selenide

) ) ) ) ) was formede Allylbenzene was formed.Only partly dissolved? The
To our disappointment, certain Lewis acids prevented reaction was performed in toluene. One equivalent of phenol was added to

initiation of the radical reaction (Ni(aca)chCGFs)gB) or made MezAl at —78 °C before selenide, AIBN, and-BuwsSnH were added.
the reaction proceed with very low conversion ¢BPE,
Ti(O-i-Pr)y). Lewis acids containing a nucleophilic group . )
(TiCls, MeAICl,, ELAICI, GaCk) converted the starting Presence of 1.5, 3, 6, and 12 equiv of A& EtAl, or i-Bus-
material either into the corresponding-chloroselenide Al (Table 2). As shown, theis/transratio was approximately

(TiCly) or into allylbenzene (GaglELAICI, and MeAICL).

Other Lewis acids did not seem to affect the diastereo-_

selectivity at all (Zn(OTf), Me;AlOPh). Table 2. Radical Cyclization of Compountia in the Presence
The best results were obtained with trialkylaluminums. In of Various Trialkylaluminums
the presence of 3 equiv @BuUsAl, 2-benzyl-4-methyltetra-

. ; ) . Lewis acid equiv yield? of 2a (%) cis/trans-ratio
hydrofuran 2a) was isolated in 69% yield as a 6.8/1-mixture Y r ” i
of cis- and trans-isomers. To examine the effects of MESAI 3 24 5 8L
increasing amounts of Lewis acid on diastereoselectivity,  \je.a 6 60 7.6/1
radical cyclization of compounda was performed in the MesAl 12 55 (85P) 7.8/1
Et;Al 1.5 87 4.7/1
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was also tried. Although the diastereoselectivities were further improved ; ; i

(cis/trans= 15/1 for compoun®a at —78 °C in toluene with 3 equiv of to_ our e)_(peCtatlonS.' the Stenca”y. mOSt demand"ijAI
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of ATPH [aluminum tris(2,6-diphenylphenoxide)] in the preparation of . . .

2-methyl-3-butyltetrahydrofuran by radical cyclization. In the absence of T h€ poor conversion of starting material was a drawback

the Lewis acid, the trans isomer was formed with high selectiviy ( with MesAl andi-BusAl. When 12 equiv of MgAl was used,

trans= 3/97) whereas in the presence of ATPH tiisomer predominated - : ; :

(cisftrans= 92/8). Ooi, T.: Hokke, Y.; Maruoka, KAngew. Chem., Int. the yield dropped to 55%. However, !f the reaction time was

Ed. Engl.1997,36, 1181. extended to 30 h and a second portion of AIBN @B us-
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Table 3. Radical Cyclization in the Absence/Presence of 3 equiv gAIEt

Entry Starting material Product Without Lewis acid 3 equiv. of Et3Al
Yield? Cis/trans- Yield® Cis/trans-
(%) ratio (%) ratio
Bu Bu
1 7 seph \/j“” 60 (97%  1/45 72 (92°) 7.4/ 1
O 0
1b 2b
SePh
2 O: 66 (80"  1/32° 76 (87%) 11.4/1°
0 0
1c 2¢
SePh
3 614 1/7.6° 71° 6.8/1°
o 0
1d 2d
Ph Ph
4 X\Seph @W 7 1/3.8 77 1/1.7
O~ o
3 4

a]solated yield.? NMR yield (volatile products)¢ endo/exo-Ratio ofis-fused products! In additon, 21% ofrans-fused products was also obtainéth
addition, 12% oftrans-fused products was also obtained.

SnH was added after 15 h, 85% of the desired product was Since compoundS and6 are Lewis acid sensitive, they

isolated. Conversion was not a problem with/Att There- underwent hydrolysis during reaction/workup and none of
fore, radical cyclization of a few other substrates was studied the desired products of radical cyclization was isolated
in the absence or presence of 3 equiv ofAE{(Table 3). (Scheme 2).

Replacing the benzyl group in the radical precursor for a  Our results with 2,4-disubstituted tetrahydrofurans may be
butyl gave a slightly betteris-selectivity (Table 3, entry 1).  rationalized using the BeckwittHouk transition state model.
Compoundlc (derived from a 1,2-disubstituted epoxide) In the absence of trialkylaluminum, transition state A (TS
upon cyclization afforded the 2,3,4-trisubstituted tetrahydro- A), where the R-group is equatorial, is favored over TS C
furan 2c as a mixture ofexo- and endo-isomers. In the  (Scheme 3). If the Lewis acid is complexed to oxygen, the
presence of triethylaluminum, formation of taedeisomer
was highly favoredéndo/exo= 11.4/1) as compared with
the unperturbed reaction (endo/exo 1/3.2). A similar Scheme 3. Transition States Considered in the Synthesis of
dramatic reversion of diastereoselectivity was observed in Tetrahydrofurans via Radical Cyclization
the cyclization of the cyclooctene oxide derived radical
precursorld (Table 3, entry 3). The influence of triethyl- R"/ﬁ R'Z/%i//

0 LA

aluminum on diastereoselectivity in the synthesis of 3,4-

disubstituted tetrahydrofurans was also investigated (Table TSA TS B
3, entry 4). As expected, diastereoselectivity was much less ' i
changed in favor of theis-isomer in the presence of the
Lewis acid. 0, 2 L §
| \m\ RN
Scheme 2 S C TSD
BuO Ph
SePh
WO/\ W/\SGPh R-group is forced to adopt an axial position (TS D favored
N O~ over TS B), resulting in formation of theis-isomer. In
5 6 support of this hypothesis, compouhdwhen submitted to

radical cyclization in THF containing 3 equiv of JAf
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Scheme 4. Transition States Considered in the Formation of
Compound2c

Unperturbed
cyclization

A
Y

Exo-isomer as
major product

Et;Al-coordination
during cyclization

Edd

U

Endo-isomer as
major product

afforded thetrans-isomer (cis/trans= 1/5.1) as the major

by assuming ais-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 givendo-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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