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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 frotaycopodium lucidulum  arise from an intramolecular [2 2] photocyclization of
by Ayer and co-workers, and the relative stereochemistry dihydropyridone3 (Scheme 1). To determine the feasibility
of the alkaloid was determined by chemical, spectroscopic,

and X-ray studie$.No biological or synthetic studies have _
been previously reported on this complex natural product. Scheme 1

As part of our program directed at developiNgacyl-2,3-
dihydro-4-pyridones as chiral building blocks for alkaloid
synthesig;®> we have been exploring strategies for the
construction of spirolucidine. Herein is reported a model 1

study of a photochemical approach to the spirocyclic core
of 1.
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One potential route td involves the preparation and 3
cyclobutane ring opening of intermedia?e which would
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of the key photocyclization step, a model study was carried
out.

Dihydropyridonedawas chosen as a model photosubstrate
that would mimic3 in the photocycloaddition step. The
synthesis oftawas accomplished by the coupling of 6-iodo-
2,3-dihydro-4-pyridon& with alkyne6 followed by selective
reduction and desilylation (Scheme 2).
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Intermediate5 was prepared using 1-acylpyridinium salt
chemistry? 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 derivativé with t-BuOK in THF*2 The

overall yield for the two-step process was 95% (Scheme 3).
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Directed lithiation of dihydropyridin& 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
exchang® was effected in two steps by removal of the
N-Boc group with TMSI to gived. 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

(1) Ayer, W. A,; Ball, L. F.; Browne, L. M.; Tori, M.; Delbaere, L. T.
J.;Silverberg, ACan. J. Chem1984,62, 298.

(2) (a) Comins, D. L.; Joseph, S. P. kdvances in Nitrogen Hetero-
cycles; Moody, C. J., Ed.; JAI Press Inc.; Greenwich, CT, 1996; Vol. 2, pp
251-294. (b) Comins, D. L.; Joseph, S. PAQomprehensive Heterocyclic
Chemistry, 2nd ed.; McKillop, A., Ed.; Pergamon Press: Oxford, England,
1996; Vol. 5, pp 3789.
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steps as previously describe®egioselective reduction of
10 with phenyl chloroformate and tributyltin hydriéle
provided a 75% yield of the 1,2-dihydropyridiriel. The
next step in the synthesis required a regioselective function-
alization at C-3 of1l. The Vilsmeier—Haack reaction
afforded the desired aldehydg in 80% yield. In the absence
of a C-5 TIPS group, this type of 1,2-dihydropyridine
formylates regioselectively at C%.Luche reduction of the
aldehyde, regioselective catalytic hydrogenation of the 3,4-
double bond, and Swern oxidation provided aldehy@e
The desired alkyne intermediaewas prepared by adding
13 to the Seyfert—Gilbert reagenandt-BuOK in THF at
—78°C.

The two heterocycles5 and 6, were joined using a
Sonogashira reactidhn the presence of palladium(ll)
iodide, triphenylphosphine, and copper(l) iodide, cross-
coupling occurred to give an 87% yield of diastereoniets
(Scheme 5). With the TIPS group still protecting its appended
double bond, chemoselective reduction of the alkyne could
be carried out. Catalytic hydrogenationbf gave dihydro-

(3) For recent and leading references, see: (a) Comins, D. L.; Zhang,
Y. J. Am. Chem. Sod996,118, 12248. (b) Comins, D. L.; Chen, X.;
Morgan, L. A.J. Org. Chem1997,62, 7435. (c) Comins, D. L.; LaMunyon,

D. H.; Chen, X.J. Org. Chem1997,62, 8182. (d) Comins, D. L.; Green,
G. M. Tetrahedron Lett1999,40, 217. (e) Comins, D. L.; Libby, A. H.;
Al-awar, R. S.; Foti, C. JJ. Org. Chem1999,64, 2184. (f) Comins, D.
L.; Brooks, C. A.; Al-awar, R. S.; Goehring, R. Rrg. Lett.1999,1, 229.
(g) Comins, D. L.; Zhang, Y.; Joseph, S. ©rg. Lett.1999,1, 657. (h)
Comins, D. L.; Fulp, A. B.Org. Lett. 1999,1, 1941. (i) Kuethe, J. T;
Comins, D. L.Org. Lett. 2000, 2, 855. (j) Huang, S.; Comins, D. Ll
Chem. Soc.Chem. Commur2000,7, 569. (k) Comins, D. L.; Huang, S.;
McArdle, C. L.; Ingalls, C. L.Org. Lett.2001, 3 469. (I) Comins, D. L.;
Sandelier, M. J.; Abad Grillo, TJ. Org. ChemIn press.

(4) (a) Comins, D. L.; Weglarz, M. A.; O’'Connor, $etrahedron Lett.
1988,29, 1751. (b) ThéN-Boc group was necessary to effect the directed
lithiation of 7; however, subsequent carbamate exchadige 5, was needed
to provide easily purified intermediates and crystalline photocycloaddition
products.

(5) Comins, D. L.; Myoung, Y. CJ. Org. Chem1990,55, 292.

(6) Tributyltin hydride has been used to redudeacylisoquinolinium
salts to dihydroisoquinolines, see: Yamaguchi, R.; Hamasaki, T.; Utimoto,
K. Chem. Lett1988, 913.

(7) (a) Al-awar, R. S.; Joseph, S. P.; Comins, DJLOrg. Chem1993,

58, 7732. (b) Comins, D. L.; Herrick, J. Bleterocyclesl987,26, 2159.

(8) (a) Gilbert, J. C.; Weerasooriya, U. Org. Chem1979,48, 4155.

(b) Brown, D. G.; Velthuisen, E. J.; Commerford, J. R.; Brisbois, R. G.;
Hoye, T. R.J. Org. Chem1996,61, 2540.

(9) Sonogashira, K. IComprehensive Organic Synthesis; Trost, B. M.,

Fleming, I., Eds.; Pergamon Press: Oxford, 1991; Vol. 3, Chapter 2.4.
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pyridonesl5aand15b which were separated by radial PLC
(silica gel, EtOAc/hexanes). The TIPS group was now
removed with TFA/CHG to afford the corresponding
intermediategaand4b in 64% and 56% yields, respectively.
The stereochemical assignments for diastereoiteesnd4
were tentative initially, but they were confirmed through the
results obtained from the subsequent photochemical sttfdies.

Irradiation of photosubstratéa in acetonitrile (450-W
Hanovia Hg lamp, 8 i} 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
cyclopropanoll6. Examination of the literature indicated that
the cyclopropane ring formation probably resulted from a
secondary photoinitiated reaction on the primary adéfict.

(10) Under the conditions used for the photocyclizatiodafirradiation
of 4b gave only recovered starting material.

(11) For recent reviews of [2 2] photocycloaddition, see: (a) Schuster,
D. I.; Lem, G.; Kaprinidis, N. A.Chem. Rey1993, 93, 3-22. (b) De
Keukeleire, D.; He, S.-LChem. Re»1993,93, 359—380. (c) Crimmins,
M. T.; Reinhold, T.L.Org. React1993,44, 297—-588. (d) Winkler, J. D.;
Bowen, C. M; Liotta, FChem. Re»1995,95, 2003—2020.
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In an attempt to prevent the secondary cyclization, the
photocycloaddition was repeated using a Vycor filte(0
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 ketde
The observed facial selectivity was anticipated on the basis
of our earlier photochemical studies of 2,3-dihydro-4-
pyridones'® Due to A3 strain, the isobutyl group ofa
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 DY was not investi-
gated, the required regioselective ring opening of similar ring
systems has been carried out in our laboratdfiéairther
synthetic studies towartlare underway and will be reported
in due coursé*
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