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Abstract: In the present letter, the first stereoselective radical 1,5 phenyl transfer from
silicon to carbon is reported Dlphenyl(mmethylsﬂyl)sdyl ethels the correspondmg
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commercially available silicon protecting groups were tested in this ipso substitution
reaction. Diastereoselectivities of up to 11:1 were obtained. © 1998 Elsevier Science Ltd. All rights
reserved.

During the last fifteen years free radical reactions have received great attention, mainly due to the
finding that they can be conducted highly dia- and enantioselective.l1,21 Numerous examples of aryl
transfers (ipso substitutions) from carbon to carbon, 3] nitrogen to carbon, 4] oxygen to carbon,[5]
and sulfur to carbon(®] have been published. However, there are only a few reports on the aryl
migration from silicon to carbon.[7:8] In this letter, the first examples of highly diastereoselective
radical 1,5 phenyl transfers from silicon to carbon are reported.i®]

We have recently introduced the Syji-reaction at silicon using C-centered radicals in the y-position to
diphenyi(trimethyistannyi)silyl ethers as an alternative method for the preparation of cyciic
alkoxysilanes.[10] In the meantime, we have found that in systems where the Syi-reaction is slow, aryl
transfer from silicon to carbon may compete (Scheme 1). We decided to study this 1,5 aryl migration as
a method for the stereoselective C(sp2)-C(sp3) bond formation.
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Scheme 1

To this end, iodides 1-5 were prepared from the corresponding chlorosilanes and (like)-4-iodo-2-
pentanol (THF, NEt;, DMAP) in high yields (50-96%). [11,12] Treatment of 3-iodo-1- -phenyibutanol
with the corresponding disilyl chioride under analoguous conditions afforded 6 in 83% yield. Phenyi
transfer reactions were performed by slow addition of BusSnH (1.2 equiv) to a 0.05 M solution of the
iodide in refluxing benzene.[13] After desilylation (MeLi) the alcohols 7 and 8 were obtained in
moderate to good yields with high diastereoselectivities (up to 11:1, Scheme 2, Table). In the case of
silyl ether 1, the aryl transfer proaucr 7 was isolated in 35% yield with high selectivity (u:l = 10:1,
entry 1)[14} besides 30% of the corresponding Spi-derived product (see Scheme 1). From our

previous studies on the Syi-reaction at silicon, we knew that upon replacing the trimethyltin group at
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silicon by a trimethylgermyl or a trimethylsilyl group, the rate of the cyclization reaction (— Syi-
product) decreases by more than two orders of magnitude.l15] Indeed, the ipso substitution product 7
was formed in higher yield (2 (57%), 3 (70%)) with equal selectivity (10:1, entries 2,3) using the Si and
Ge analogs 2 and 3. In the case of the TBDPS ether 4 and the triphenylsilyl ether 5 a decrease of both
the yield and the selectivity was noticed (entries 4,5). The size of the substituent at the stereogenic
center has only a small effect on the selectivity. Thus, with the phenyl-substituted silyl ether 6 only a
slightly better selectivity (11:1) was obtained for the formation of 8 (entry 6).
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Table. Diastereoselective phenyl migration from Si to C - variation of the substituents at silicon.

Entry Compound R? R2  Product 7 or 8 [%)] Ratio [u: /]
1 1l Me;Sh Me 35l 10: 1
2 2 Me,Ge Me 57 10: 1
3 3 ve,Si Me 70 10: 1
4 4 tBu Me 33 6:1
5 5 Ph Me 37 6:1
6 6id Me,Si Ph 62 1:11lel

[a] Determined by GC analysis. [b] Used as a mixture of diastereoisomers (u: /=7 : 3).
[c] 4-(Methyldiphenylsilyl)-2-pentanol was formed in 30% yield (see text). [d] 1 : 1 Mixture
of dlastereousomers [e] No change of the stereochemical outcome of the reaction. Due to

e muimvibhg Dl Ihamulneamud fananedime ta tha MID AaanuAanbtian) Ham maaiae

Lll@ ”|9| Gl Pliulily UI Fn Vs, L'lJl IGIIyIPIUPyI faviuiuiigg W uic wvir conventor 1} Wi miajul

isomer has to be assigned as flike-isomer.

We next studied the 1,2 stereoselectivity of the phenyl migration. With silyl ether 9 prepared from the
corresponding 3-iodoalcohol (1:1 mixture of diastereoisomers) alcohol 10 was obtained in 17% yield
and a diastereoselectivity of 6:1 (Scheme 3).[16]
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From the selectivities observed in the systems studied so far we suggest the following model to
explain the stereochemical outcome of the phenyl migration: Radical 11, generated after initial iodine
abstraction, undergoes intramolecular ipso attack at the silylated phenyl group to form
cyclohexadienyl radical 12 (Scheme 4).[17] We assume that the low energy transition state for the
formation of 12 resembles a chair with the substituents in equatorial positions. Rearomatization then
affords silyl radical 13 which eventually ieads to the corresponding ailcohol. According to this model,
the observed 1,3- (— unliike products) and 1,2 selectivity (— like product) can be readily understood
(see Scheme 4). The similar selectivities obtained for 4 and § are compatible with the model since in
the cyclohexadienyi radical 12 derived from TBDPS ether 4 the bulky tert-butyl group is expected to
occupy the equatorial position (R! in 12) placing the phenyl group axial (R2 in i2). Thus, the
transition state in the formation of 12 derived from 4 should resemble the transition state derived from
5 with respect to the 1,3 diaxial interaction in the chair (R? = phenyl in both systems).
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Scheme 4

We next studied a reaction sequence comprising a radical addition reaction with a subsequent aryl
migration in one pot. Silylether 14 was first allowed to react with ethyl iodoacetate under atom
transfer conditions(i8] to afford the intermediate iodide 15, which after dilution was directly
transformed to 16 under the conditions specified above (Scheme 5). Hydroxyester 16 was isolated in
39% yield as a 11:1 (u:0) mixture of diastereoisomers.[1%]
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Scheme 5
In summary, we have shown that the intramolecular ipso substitution in diphenyl(trimethylsilyl)silyl

ethers is an efficient method for the stereoselective C(sp3)-phenyl bond formation. High 1,2- and 1,3
diastereoslectivities were obtained in the 1,5 phenyl migration reaction.
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