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Diastereoselectivity during 2-pyridone photo-[4+4] cycloaddition.
The tribenzylsilyl protecting group
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Abstract—The use of a silyloxy group as a stereocontrol element on the most distant carbon of a pyrindinone during
intermolecular [4+4] photocycloaddition was tested using silyl groups varying in size (tert-butyldimethylsilyl<triisopropylsilyl<
tribenzylsilyl). The ratio of the diastereomeric products was proportional to the size of the silyl group, with the largest,
tribenzylsilyl, giving the best ratio of 10:1. The expected stereochemistry was confirmed by X-ray crystallography. © 2001 Elsevier
Science Ltd. All rights reserved.

Cycloaddition reactions are highly valued as synthetic
methods, in part because of their generally high selec-
tivities. The [4+4] photodimerization of 2-pyridones is a
higher-order cycloaddition that occurs with a very high
regioselectivity (exclusively head-to-head) and good rela-
tive stereoselectivity (trans-2 dominating over cis-3).1 In
addition, we have found that stereoselectivity engen-
dered by a chiral center near a pyridone can be substan-
tial. For intramolecular photocycloaddition of tethered
pyridones 1, the stereogenic center on the tether con-
trols formation of the nearest chiral center, yielding
only the anti relationship of the silyloxy group and the
adjacent carbonyl in 2 and 3.2 In this paper we describe

the use of a silyloxy group to control the face selectivity
for the intermolecular photocycloaddition of 4, with a
stereogenic center remote from the newly forming chiral
carbons (Fig. 1).

In comparison to 1, the silyloxy group in 4 is remote
from the centers of reactivity and the developing stereo-
genic centers, and is located on the flexible flap of a
cyclopentene ring with the potential to adopt a confor-
mation that would minimize its steric impact and
thereby lower its stereochemical influence. Silyl groups
are also known for their attenuated steric bulk.3 The
‘A ’ value for a trimethylsilyl group is significantly

Figure 1. A tether substituent in 1 exerts a strong stereochemical influence. The remote stereocenter in 4 has the potential to act
similarly.
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smaller than a tert-butyl group even though it has a
substantially larger volume.4 Nevertheless, Eliel and
Satici found that for silyl ethers of cyclohexanols,
increased sterics led to a greater preference for an axial
conformation.5 Should this prove to be the case for 9,
such a conformation would enhance the desired steric
effect.

The starting pyrindinone 9 was prepared using Voll-
hardt’s cobalt-catalyzed cycloaddition of isocyanates
with 1,6-diynes. The requisite diynes 8 were synthesized
in two steps from propargyl bromide and ethyl formate,
employing the aluminum-mediated method of
Sondheimer6 to minimize allene formation, followed by
O-silylation with the necessary chlorosilane or silyl
triflate. The cross cyclization of the diyne 8 and
phenethylisocyanate to give 9 initially gave a mixture
with 10, a product formed by trimerization of 8, pre-
sumably as a mixture of diastereomers. Formation of

byproduct 10 could be minimized by very slow addition
of the diyne to the irradiated catalyst and isocyanate in
refluxing xylene (Fig. 2).

Cross [4+4] photocycloaddition of 9 with 4-methoxy-2-
pyridone 5 was carried out using the standard condi-
tions devised earlier: a 1:7 molar ratio of 9:5 in
methanol with a total (pyrindinone+pyridone) concen-
tration of 0.5 M.7,8 This reaction relies on the photosta-
bility of 4-alkoxy-2-pyridones toward dimerization,9,10

and the discovery that they can, nonetheless, undergo
[4+4] photocycloaddition with other pyridones.7,11

In each case, two major photoproducts were formed
that differed only in the stereochemistry of the silyloxy
group, with one of the two isomers dominating. In
contrast to the high stereoselectivity found for 1 (Fig. 1)
for which only anti-products were observed,2 the tert-
butyldimethylsilyl (TBS) group of 9a had little influ-

Figure 2. Synthesis of pyrindinone 9.

Figure 3. Photocycloaddition of pyrindinones 9a–c with 5 yields primarily 6. Crystal structure of tribenzylsilylether product 6c.
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ence, giving only a 1.5:1 ratio of products. Use of the
larger triisopropylsilyl (TIPS, 9b) group gave little
improvement, yielding products in a ratio of 2:1.

In considering other protecting groups that would
present a greater steric advantage, we found that tri-
benzylchlorosilane was one of the few commercially
available reagents with �-branching, often a prime factor
in relevant steric bulk.12 Use of this silyl ether (TBnS, 9c)
gave a substantial improvement in the stereochemical
outcome, with a product ratio of 10:1.

The expected diastereomeric result of this photoreaction
was confirmed by X-ray crystallography of the major
TBnS product 6c (Fig. 3).13 While this does not necessar-
ily represent the minimum energy conformation of the
tribenzylsilyloxy group, the structure is consistent with
Eliel’s finding that bulky silyl ethers prefer an axial
conformation.5 The large size of this unit and its potential
as a blocking reagent approach is readily apparent.

Although the tribenzylsilyl group has been known for
nearly a century,14 we are aware of only two prior uses
to control stereochemistry. Both examples are part of the
pioneering studies of E. J. Corey in the design and use
of silicon-protecting groups.15,16 The stereoselectivities
reported here reinforce and complement these earlier
findings. In particular, the tribenzylsilyl group is useful
where steric influence is important and the more typically
used TIPS group is insufficiently bulky.
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