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ABSTRACT

A strategy for the synthesis of the spirocyclic core of spirolucidine was explored through a model study. The diene 4a was prepared and
photolyzed to give the desired [2 + 2] photoadduct 17 containing the correct relative stereochemistry corresponding to spirolucidine.

Spirolucidine (1) was isolated fromLycopodium lucidulum
by Ayer and co-workers, and the relative stereochemistry
of the alkaloid was determined by chemical, spectroscopic,
and X-ray studies.1 No biological or synthetic studies have
been previously reported on this complex natural product.
As part of our program directed at developingN-acyl-2,3-
dihydro-4-pyridones as chiral building blocks for alkaloid
synthesis,2,3 we have been exploring strategies for the
construction of spirolucidine. Herein is reported a model
study of a photochemical approach to the spirocyclic core
of 1.

One potential route to1 involves the preparation and
cyclobutane ring opening of intermediate2, which would

arise from an intramolecular [2+ 2] photocyclization of
dihydropyridone3 (Scheme 1). To determine the feasibility
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of the key photocyclization step, a model study was carried
out.

Dihydropyridone4awas chosen as a model photosubstrate
that would mimic 3 in the photocycloaddition step. The
synthesis of4awas accomplished by the coupling of 6-iodo-
2,3-dihydro-4-pyridone5 with alkyne6 followed by selective
reduction and desilylation (Scheme 2).

Intermediate5 was prepared using 1-acylpyridinium salt
chemistry.2 Treatment of 4-methoxypyridine with phenyl
chloroformate and isobutylmagnesium chloride provided a
crude 1-phenoxycarbonyl-1,2-dihydropyridine that was con-
verted to the Boc derivative7 with t-BuOK in THF.4a The
overall yield for the two-step process was 95% (Scheme 3).

Directed lithiation of dihydropyridine7 with n-BuLi, addition
of iodine, and workup with oxalic acid afforded the 6-iodo-
2,3-dihydro-4-pyridone8 in 75% yield. A carbamate
exchange4b was effected in two steps by removal of the
N-Boc group with TMSI to give9. Deprotonation and re-
acylation with phenyl chloroformate provided intermediate
5.

The alkyne6 was prepared as depicted in Scheme 4. The
silylpyridine 10 was prepared from 2-chloropyridine in two

steps as previously described.5 Regioselective reduction of
10 with phenyl chloroformate and tributyltin hydride6

provided a 75% yield of the 1,2-dihydropyridine11. The
next step in the synthesis required a regioselective function-
alization at C-3 of 11. The Vilsmeier-Haack reaction
afforded the desired aldehyde12 in 80% yield. In the absence
of a C-5 TIPS group, this type of 1,2-dihydropyridine
formylates regioselectively at C-5.5,7 Luche reduction of the
aldehyde, regioselective catalytic hydrogenation of the 3,4-
double bond, and Swern oxidation provided aldehyde13.
The desired alkyne intermediate6 was prepared by adding
13 to the Seyfert-Gilbert reagent7 and t-BuOK in THF at
-78 °C.

The two heterocycles,5 and 6, were joined using a
Sonogashira reaction.9 In the presence of palladium(II)
iodide, triphenylphosphine, and copper(I) iodide, cross-
coupling occurred to give an 87% yield of diastereomers14
(Scheme 5). With the TIPS group still protecting its appended
double bond, chemoselective reduction of the alkyne could
be carried out. Catalytic hydrogenation of14 gave dihydro-
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pyridones15aand15b which were separated by radial PLC
(silica gel, EtOAc/hexanes). The TIPS group was now
removed with TFA/CHCl3 to afford the corresponding
intermediates4aand4b in 64% and 56% yields, respectively.
The stereochemical assignments for diastereomers15 and4
were tentative initially, but they were confirmed through the
results obtained from the subsequent photochemical studies.10

Irradiation of photosubstrate4a in acetonitrile (450-W
Hanovia Hg lamp, 8 h)11 gave a 25% yield of a white solid,
mp 125-6 °C (Scheme 6). Single-crystal X-ray analysis
showed that the photocycloaddition did not proceed to give
the desired product but instead provided the pentacyclic
cyclopropanol16. Examination of the literature indicated that
the cyclopropane ring formation probably resulted from a
secondary photoinitiated reaction on the primary adduct.12

In an attempt to prevent the secondary cyclization, the
photocycloaddition was repeated using a Vycor filter (>210
nm). After 2 h, the starting material was gone, and only one
product was observed by TLC. Chromatographic purification
afforded a 55% yield of the photoadduct as a white solid,
mp 152-3°C. Single-crystal X-ray analysis confirmed that
the reaction proceeded in the desired manner with complete
control of stereochemistry to provide tetracyclic ketone17.
The observed facial selectivity was anticipated on the basis
of our earlier photochemical studies of 2,3-dihydro-4-
pyridones.13 Due to A(1,3) strain, the isobutyl group of4a
occupies an axial orientation, and cyclization takes place on
the more accessible alkene face opposite the large C-2
substituent.

This successful model study lends credence to our
proposed plan for the total synthesis of spirolucidine (1).
Although the cyclobutane cleavage of17 was not investi-
gated, the required regioselective ring opening of similar ring
systems has been carried out in our laboratories.13 Further
synthetic studies toward1 are underway and will be reported
in due course.14
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