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A RADICAL CYCLIZATION BETWEEN ENOL SILYL ETHERS AND
ARYL. OR ALKENYL BROMIDE MOIETIES
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Department of Chemistry, Tokyo Institute of Technology, Meguro,
Tokyo 152, Japan

Summary: Enol silyl ethers bearing aryl or alkenyl bromide moieties at their
appropriate positions undergo radical cyclization in the presence of Bu,SnH and
AIBN to yield the corresponding 5- and 6-membered cycloalkanols in good yields.

Enol silyl ethers are recognized as versatile building blocks in organic
synthesis, and their reactivity as well as synthetic utilities have been well
investigated.l Most of their reactions are based on their highly polarized
ionic behaviors which have allowed a selective carbon chain homologation or an
introduction of various functional groups. Another important feature is a use
for (4 + 2] cycloaddition reaction where enol silyl ethers act as either dienes
or dienophiles. However, their behavior as well as synthetic utility in

radical reactions are not elucidated until now.2

3a 3b

We recently described arylation and alkenylation of enol silyl ethers
with aryl and alkenyl bromides (Eq 1, path a). Extension of this study led us
to examine a methodology to connect aryl or alkenyl groups with enol ether
moieties via a radical intermediate (Eq 1, path b).
(a) . {v) .
0 BUgSI\F 051“33 BUSS“H DS].MC3

0 + ArBr ———~ )\/ (1)
,/JL\\//A’ Pd cat. X AIBN Ar

Ar = aryl (or alkenyl)

Although an intermolecular addition of an aryl radical onto 2-(trimethyl-
415 (CgHgBr, BujSnH, a
catalytic amount of azobisisobutyronitrile (AIBN) in benzene), an intra-

siloxy)-l-hexene failed under standard conditions

molecular version of this addition reaction compensated the low reactivity of
enol ethers toward radical species to effect this transformation cleanly.s'7

As shown in Table 1, the cyclization products were isolated as alcohols after
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desilylation under acidic conditions.

0SiMe3 0SiMe; OH
BuzSnH Ht
—_— —_— (2)
AIBN MeOH
Br

A representative procedure is as follows (Table 1, run 7). A 0.03 M
benzene solution of lg (1 equiv), BuzSnH (1.1 equiv), and AIBN (0.05 equiv) was
heated to reflux under nitrogen for 6 h.7a'b After removal of the solvent, the
residue was successively treated with dilute HC1l in methanol and aqueous NaOH
solution. Extractive workup with ether followed by separation with silica gel
column chromatography afforded 2g in 72% yield. Methylindene (ca. 10%), which
resulted from dehydration of the regioisomer, and 4-phenyl-2-butanone (ca. 10%)
were also isolated as by-products.

On an attempt for 5-membered cyclization, the enol silyl ether of bromide
la afforded no cyclization product but the debrominated one exclusively (run
1). The unfavorable endo mode cyclization may account for the failure of this

substrate.8

The five-membered cyclization to the exo direction took place
cleanly to give the expected product in good yield (run 2)8 Six-membered ring
annulation proceeded equally well, but a structural factor is crucial on these
cases. Enol ethers of methyl prim-alkyl ketones of unhindered aryl or alkenyl
bromides afforded the corresponding cyclohexanols in good yields (rums 3, 5,
and 7). The enol silyl ether of methyl sec-alkyl ketones 1h also undergoes
cyclization, but the presence of an alkyl group closely situated to the
reaction site usually prevents an efficient trap of the alkenyl radical with
the enol ether. For instance, an introduction of an allylic methyl group cis to
the bromine atom reduced the product yield (run 4). Further, efficacy for
cyclization again decreased in the cases of enol ethers other than those of
methyl ketones. Irrespective of such limitations, results in the Table clearly
revealed that appropriately designed substrates nicely undergo this
cyclization. In contrast to the aryl or alkenyl radicals, alkyl radicals
usually did not react with enol silyl ethers (Eq 3).

0SiMes 0SiMes

BuzSnH
e e (3)
AIBN

(11)

In conclusion, the results described above have clearly disclosed not only
a new aspect on the reactivity of enol silyl ethers toward alkenyl and aryl
radicals but also synthetic utility of the radical cyclization. We are

currently investigating further application of this methodology.
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Table 1. Radical Cyclization of Enol Silyl Ethers.2

Run Enol Silyl Ether (1) Product (2) Yield (Ratio)
0SiMes 0H
1. (a) <trace
Br
0SiMea OH
2. 2 85% (1:1)
Br

72%

SiMes
> © \\V/A\V/J:f:1§§
Br
SiMe;
4, (d)
Br
0SiMe;
5. ‘ Br (e) [:ig%:]

OH
OH
OH
OH
OH
o4

29%

54%

0SiMe;
6. (f)
Br
0SiMes
7. | o (@ 72%

iMe3

: 0s
8. 7 :1
//A\V/A\Iéééi}/ap ) //\\//N\[:iii:ﬂ 4% (1:1)

E&—»g: Bu3SnH (1.1 eg), AIBN (1.1 egq), 0.03--0.035 M benzene solution,

reflux, 6 hr; HCl-MeOH. 13Prepared with LDA and Me3SiC1.
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(5)
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