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ABSTRACT

Intramolecular Friedel−Crafts cyclization of 2-O-benzyl ethers at a model pyranose acetal is activated by incorporation of a trimethylsilyl
group, albeit via unexpected, presumably steric means.

The intramolecular Friedel-Crafts condensation of suitably
tethered benzylic aryls at activated cyclic oxoniums, eq 1,
offers a rapid entry to isochroman targets.1 In fact, this
process is a major competing pathway during intermolecular
glycosylation.2 These side reactions have been adapted,
notably by Martin,3 yet remain subject to subtle and
unpredictable stereoelectronic control,4 especially in the
pyranose series.5 Moreover, many employ exotic anomeric
activation or require electron-rich arenes.

We recently considered a directly analogous arylsilane-
mediated Friedel-Crafts closure6,7 to promote the overall
desired annulation, eq 2. We expected thisortho-silyl moiety

to enhance the process on electronic grounds (increased
nucleophilicity and augmented stability of intermediate
carbocation) as well as cater to regiocontrol in arenes with
more complex substitution patterns.

We constructed a prototypical substrate via epoxidation
of dihydropyran in MeOH,8 followed by benzylation with
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the requisite bromide2,9 Scheme 1. A survey of Lewis acids
ensued. Eventually, after some optimization,10 exposure to
BF3‚OEt2 (2 equiv) in CH2Cl2 at high dilution effected ring
closure in good overall yields, albeit in a somewhat
unexpected fashion.

To our surprise, two products were obtained: the antici-
pated tricycle4, arising from ipso substitution, and the
curiously meta-substituted5, in which the silyl group had
apparently failed to participate. Cis stereochemistry was
confirmed by zero Hz3J interactions across each new ring
junction, in agreement with previously reported values.2d,3b

No corresponding trans products were identified.
This contradictory role of TMS suggested two separate

yet competing reactions. To discount other pathways (e.g.,
protodesilylation of5) we resorted to isotopic labeling, para
to the silyl moiety. Regiospecific palladium-mediated stannyl
deuteration11 of a corresponding aryl triflate612 allowed
synthesis of the labeled benzyl precursor. Annulation pro-
ceeded with complete regiospecific retention of deuterium
in each product as appropriate, Scheme 2.13

We presumed that5 arose from simple minimization of
steric interactions, with the TMS held distal in the developing
transition state. Similar observations have been made during
related intermolecular Friedel-Crafts-type reactions, with
non-ipso substitution competitive in hindered cases.14 How-
ever, intriguingly, nor-silyl analogue 715 proved to be

consistently resistant to ring closure despite considerable
effort. We therefore believe the TMS is playing an auxiliary
steric role, due to crowded ortho substitution, as evidenced
by modeling.16 First, the Si-CdC-CH2 dihedral angle is
torqued (3.43°); this deviation may enhance initial electro-
philic attack, reminiscent of the elusive Mills-Nixon effect.17

In addition, whereas the benzyl group of7 aligns perpen-
dicular to the reactive site, the steric demands of the TMS
group in3a force the tether to present itsπ-system in parallel
as required.

These findings have since been developed into a practical
two-step protocol. Cyclization followed by desilylation of
the initial crude product mixture affords the cis-fused tricycle
4 exclusively and in good overall yield, Scheme 3.

This direct contrast with unreactivenor-silyl precursor7
highlights the effectiveness of the silicon moiety in attaining
the cis-fused pyranoisochroman framework and thus may
present a solution to this aberrant reaction.
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