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Intramolecular [4 + 4] Photocycloadditions: Substituent-Mediated Product Control
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Summary: Photolysis of three-carbon tethered 2-pyri-
dones with an alcohol at C-3 yields [4 + 4] products that
are exclusively trans and either syn or anti isomers
depending on the nitrogen substitution.

The dominant photoreaction for concentrated solutions
of 2-pyridones is a head-to-tail [4 + 4] dimerization that
yields a richly functionalized 1,5-cyclooctadiene (Scheme
I).12 Qurlaboratory is exploring the intramolecular version
of this photoreaction as a synthetic entry into complex
cyclooctane-containing natural products.’ One component
of this investigation is to define parameters for control of
the four incipient stereogenic centers by a center of
chirality on the tether. For the three-carbon tether, we
have reported? that an alcohol at C-1 (6, Scheme II) can
substantially influence the ratio of products, a result that
was shown to be solvent dependent. Anticipating that a
substituent at C-3 with its proximity to the substitutable
pyridone nitrogen might lead to an even greater degree of
control, we have prepared bis-2-pyridone 8 and studied
its photochemistry.

Initial reports of the photodimerization of 2-pyridones
such as 1 concluded that only a single trans, head-to-tail
isomer 2 was formed.+¢ A detailed study by Nakamura,
however, demonstrated that under some circumstances
all four of the possible [4 + 4] photodimers were produced
(Scheme I).” Significantly, he also reported the complete
absence of [4 + 2] and [2 + 2] products.

Our initial photochemical results with a three-carbon
tether,?® with and without an alcohol at C-1 (5, Scheme
II), were fully compatible with Nakamura’s study. These
reactions gave a very clean photocycloaddition to produce
a mixture of four products, trans-7 and cis-7, with the
former dominating by a factor of 2-4. Only traces of other
components could be discerned by TLC or NMR of the
crude photolysis mixture. The overall ratio of trans/cis
isomers was fairly constant, whether protic (methanol) or
aprotic (methylene chloride) solvents were used.

It was therefore surprising that photolysis of 8 in
methanol produced only the trans isomers 9 and 10. More
puzzling was the very slow photoreactivity for this
compound in methylene chloride: irradiation for nearly
60 h resulted in a 30 % recovery of 8 and isolation of trans-
syn-9 and cyclobutane 11 (major). Cyclobutane 11, the
apparent product of a [2 + 2] cycloaddition, is the first
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Figure 1. Possible hydrogen bonding regime for 8 in an aprotic
solvent.

Scheme I. Photodimerization of 2-Pyridones Yields
Predominantly the Trans, Head-to-Tail Isomer!
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Scheme II. Photolysis of 1-Hydroxy or
Tether-Unsubstituted Bis-2-pyridone 5 Yields a
Trans/Cis Mixture of [4 + 4] Products
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observation of this reactivity mode in the direct photolysis
of 2-pyridones.”®

The well-known proclivity for hydrogen bonding in
pyridones,!® and the importance of hydrogen bonding in
our other pyridones photochemistry studies, suggested its
role in mediating the results shown in Scheme III. A
possible hydrogen bonding motif is shown in Figure 1.
X-ray structures!! of 9 and 11 (Figure 2) reinforced this
idea, clearly showing the NH-alcohol interaction. Inter-
estingly, an X-raystructure of 8 only reveals intermolecular
hydrogen bonding.

Preliminary studies support hydrogen bond donor and
acceptor roles for the alcohol; disruption of these hydrogen
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Figure 2. X-ray structures of 9 and 11.

Scheme III. Photolysis of 3-Hydroxy 8 Yields Only
Trans [4 + 4] Products, and in Methylene Chloride
the Major Product Is the [2 + 2] Isomer 11
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bonds was effected with derivatives N,N’-dimethyl 13 and
(tert-butyldimethylsilyl)oxy 15 (Scheme IV). Irradiation
of a methanol solution of 13, which cannot have a nitrogen—
oxygen hydrogen bond, yields the trans-anti isomer 14 as
the major photoproduct. Photolysis of 13 in methylene
_ chloride gave, once again, a very slow conversion of 18 and
a [2 + 2] isomer as the dominant product.

In contrast, photolysis of silyl ether 15, where the ether
oxygen can only be a hydrogen bond acceptor,'212 yields

(11) Compound 9 crystallizes in the triclinic space group Pi witha =
6.346(1) A, b =8.395(2) A, ¢ = 12.023(2) A, o = 78.80(1)°, 8 = 75.25(1)°,
v =176.74(1)°, V = 596.5(4) A%, and Z = 2. Final least-squares refinement
using 1228 unique reflections with I > 3s(J) gave R(R,) = 0.071 (0.084).
Compound 11 crystallizes in the orthorhombic space group P2,2,2, with
a = 6.521(2) A, b = 10.022(2) A, ¢ = 19.132(10) A, V = 1250(1) A3, and
Z = 4. Final least-squares refinement using 1261 unique reflections with
I'> 3s(]) gave R (Rw) = 0.041 (0.054). The authors have deposited atomic
coordinates for these compounds with the Cambridge Crystallographic
Data Centre. The coordinates can be obtained, on request, from the
Director, Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge, CB2 1EZ, UK.

Scheme IV, N-Alkylation of 8, To Give 13, Changes
the Major Product from trans-syn-9 to trans-anti-14.
Replacing the Alcohol Proton with a Silicon To Give
15 Retains the Syn Preference and Removes the
Solvent Dependence of the Reaction
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at least three [4 + 4] adducts, with [2 + 2] isomers
comprising no more than 5% of the product mixture. The
trans-syn isomer remains the major product, and the
photolysis reaction rates and product ratios are similar in
both methanol and methylene chloride.

The syn selectivity for 8 and 15, and the anti selectivity
for 13, are consistent with a pyridone nitrogen—alcohol
hydrogen bond directing syn product formation.!* Hy-
drogen bonding by the alcohol to the distal pyridone
carbonyl in aprotic solvents,!5 as in Figure 1, could slow
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photoreaction by enforcing a photounreactive conforma-
tion.!® It is unclear, however, why this would favor the
formation of [2 + 2] product over [4 + 4] product. Further
studies are in progress.

A tether substituent at C-3 exerts a significant influence
on the photochemistry of this bis-2-pyridone system. These
results should prove useful in synthetic applications of
this intramolecular {4 + 4] photocycloaddition.

(16) An alternative explanation for the low reactivity of 8 in methylene
chloride would be the dominance of a pyridinol tautomer, rather than the
pyridone depicted. This explanation is inconsistent, however, with the
UV spectrum of 8 in this solvent (Ape: = 312, 234) and the similar
photochemical behavior of 13. For a discussion of pyridone-pyridinol
tautomerization, see ref 10.
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