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Abstract: Oxasilacyclopentanes 3, generated by either free-radical cyclisation, intramolecular
hydrosilylation, or silicon tethered Diels-Alder reaction, may be efficiently opened with 2-propemnyl-
lithium and the product alcohols oxidised to prepare precursors 2 for silicon tethered ene cyclisation.
Efficient and highly stereoselective ene reactions have been achieved with these precursors.
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In an earlier communication we disclosed preliminary results of a project concerned with investigating
the viability, stereochemical features, and scope of the silicon tethered ene reaction! of which the Type Il
variant? still remains the most successful. The overriding aim of this project is to take advantage of the
intramolecularity of these modified ene reactions by converting the products into polyhydroxylated synthetic
intermediates with predictable control of stereochemistry. In attempting to build on our early results we found
that the route to the precursors 2, which involved sequential addition of organometallic nucleophiles to
chlorodimethyl(dimethylamino)silane, was limited by the availability of the organometallic equivalent of
substituted propionaldehyde homoenolates 1.3 For this reason we sought to identify a more flexible synthetic
route to the ene precursors that would allow straightforward incorporation of varied substitution - and/or B- to
the silicon atom. In this Letter we describe our solution to this problem which relies on the ring opening of
oxasilacyclopentanes 3 by alkenyl organometallic nucleophiles.
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Oxasilacyclopentanes are extremely common synthetic intermediates that have been most usually opened
with methyllithium,# or cleaved oxidatively’ to generate diols. Few reports® describe the ring opening of such
intermediates with more complex organometallic nucleophiles and the only systematic work that we are aware
of is a study of the stereochemistry of substitution at silicon.? Given the wide variety of methods for
generating oxasilacyclopentanes we set out to explore the possibility that they could be opened in a
synthetically useful sense to generate ene precursors 2 after oxidation of the resulting hydroxyl group.

Initially we chose the Stork-Nishiyama free-radical cyclisation8 to generate intermediates 3 and by
starting with allylic alcohols substituted at the 3-position we hoped to identify a reasonably general route to B-
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substituted (with respect to the silicon atom) ene precursors. Our first experiments were performed with
3-methylbutenol which was silylated with (bromomethyl)chlorodimethylsilane then subjected to free-radical
cyclisation. As a result of its volatility oxasilacyclopentane Sa was difficult to isolate when the cyclisation was
performed in benzene but the problem was alleviated when ether was used instead although in this case
competing formation of the direct reduction product (3-methyl-1-(trimethylsilyloxy)but-2-ene) could not be
avoided (ca. 10-30% of the crude product). Addition of distilled intermediate Sa to a THF solution of
2-propenyllithium produced alcohol 6a which was oxidised to ene precursor 7a.

An analogous sequence of reactions was achieved starting with cinnamy! alcohol but in this case the
lower volatility of the derived oxasilacyclopentane 5b allowed benzene to be used for the free-radical reaction
and no direct-reduction product was observed. This time intermediate Sb was not separated from the tin
residues (by distillation), instead the crude residue from the radical reaction was added directly to a THF
solution of 2-propenyllithium to give alcohol 6b in comparable overall yield to that of analogue 6a.
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(3) BICH2SiMe Cl, Et3N, DMAP (cat.), CHzClz; 80% (4a), 86% (4b); (b) n-Bu3SnH, AIBN, EtO or PhH (see text); 61% (5a);
(¢) 2-propenyllithium, THF; 61% (62), 39% (6b from 4b); (d) PDC, MS4A, CH,Cla: 74% (7a), 72% (Th).

Unfortunately, this route is not easily applicable to the preparation of a-substituted (with respect to
silicon) ene precursors since this would require the preparation and cyclisation of radical precursors in which
the original SiCH;Br function was modified to SICHRBr.® Instead, the o-substituted precursors were more
effectively prepared by intramolecular hydrosilylation. 10 For example chromatographically stable silane 811
was obtained in high yield from cinnamyl alcohol and induced to undergo hydrosilylation1? in essentially
quantitative yield giving moisture-sensitive oxasilacyclopentane 9. Even this relatively sterically encumbered
siloxane could be opened in 66% yield with 2-propenyllithium and the resulting alcohol oxidised as before to
give a-substituted ene precursor 10.
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(a) i-PraSi(H)C, Et3N, DMAP (cat.), hexane; 88%; (b) (Ph3P)3RhCL, MS4A, THF; quant; (c) 2-propenyllithium, THF; 66%;
(d) PDC, MS44, CH,Clp; 64%.

As in our earlier work the Type II ene cyclisations were most readily effected with methylaluminium
dichloride in dichloromethane (—78°C, 6-7 h) but with the new precursors, bearing bulkier substituents, the
stereoselectivity was somewhat higher.! The table summarises the results of the ene reactions of precursors 7a,
7b and 10, and of the previously reported methyl substituted analogues for comparison.
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11 Me H Me 80 93:7
2 (7a) i-Pr H Me 84 95.5:4.5
3 (7b) Bn H Me 79 >98:<2b
41 H Me Me 69 <2:>98b
5 (10) H Ph i-Pr 76 <2:>98b

8 Determined by examination of the CHOH integral ratio in the 'H n.m.r. spectra (500 MHz) of crude products.
b Resonances corresponding to the minor diastereomer were not observed.

Free-radical cyclisation or intramolecular hydrosilylation, followed by ene reaction, may therefore be
used to access ¢.- or B-alkylated a'-methylenesilacyclohexanols reliably and efficiently but a more powerful
demonstration of the potential in this area is an extension of the chemistry of silicon tethered Diels-Alder
reactions%13 which exploits the oxasilacyclopentanes formed during the cycloaddition. For example, triene 13
underwent [4+2] cycloaddition to give a mixture of Si-endo- and Si-exo- adducts 14 and 15 repectively!3
(65:35 ratio) which was treated with 2-propenyllithium giving separable alcohols 16 and 17 in an isolated ratio
of 60:40. PDC oxidation provided ene precursors 18 and 19 although the reaction was not as clean as might be
expected and in the case of aldehyde 19 the product was contaminated with inseparable impurities.
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(a) 170°C, PhH; (b) 2-propenyllithium, THF; 40% (16), 27% (17) from 13; (c) PDC, MS44, CH3Clp; 65% (18), 58% (19).

The ene reaction of precursor 18, derived from the endo- adduct, was very clean, only a single cyclisation
product 20 being isolated in 88% yield. The reaction of the diastereomer 19 was less high yielding (21, 48%)
but examination of the 1H n.m.r. spectra of crude and purified material indicated that the reduced yield was
largely a reflection of the presence in the starting material of impurities that were unaffected by the ene
reaction. The stereochemistry within the ene products was assigned, in the case of 20, on the basis of the
coupling constants for the CHC= protons (Hy: 82.64, d, J 14.2; Hp: 62.73, dd, J 14.2, 4.1) which showed the
CHOH proton to be equatorial (no diaxial coupling). This suggested the conformation shown with the
alternative cis-siladecalin conformer (not shown) suffering from severe diaxial interactions between the ring
CH3- and one of the silyl CH3- substituents. A similar analysis in the case of the conformationally defined
trans-siladecalin 21, as well as a lack of discernible coupling constants for the CHOH proton (8 4.03, ca. s),
again indicated an axial hydroxyl substituent. Both of these stereochemical results are consistent with a
concerted, asynchronous transition state in which the forming silacycle adopts a distorted chair conformation.1
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In conclusion, we have developed versatile methods for preparing a range of Type II ene precursors and

are actively pursuing the elaboration of this chemistry to molecules of wider interest.
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