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Intramolecular photocycloaddition of 4 leads to the formation of cyclobutene photoadduct 5. Secondary photoreaction of 5 then affords either

cyclobutane 19 or the bridged product 7, as a function of R (H or TMS).

The intramolecular photocycloadditieffragmentation reac-

The application of this methodology to the syntheses of

tion of dioxenones with alkenes affords a general approach perhydrohistronicotoxid saudin? and ingend attests to the
for the synthesis of cycloalkanone propionates, as outlined utility of this approach to the stereochemically controlled

in Scheme 2. Irradiation of 1 leads to the formation of
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photoadduc®,? which on fragmentation under either acidic
or basic reaction conditions generates the ketopropi@rate
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synthesis of diverse structures.

We report herein that the analogous reaction of dioxenones
with alkynes leads to the formation of cyclobutene photo-
adducts5, which are unstable under the photochemical
reaction conditions and afford secondary photoproducts
whose structures differ markedly as a function of the R
substituent on the alkyne photosubstrate.

The trimethysilyl acetylenic dioxenone photosubstiéte
(Scheme 2) was readily prepared by alkylation of the
conjugate base of the commercially available 2,2,6-trimethyl-
dioxenone with 5-trimethylsilyl-4-pentynyl iodide (LDA/
THF, —78 to 25°C, 39% vyield)® Irradiation of 6 for 90
min [2.0 mM, 450 W Hanovia mercury lamp,°@, MeCN/
Me,CO (9:1)] led to the formation of the bridged tetracyclic
product 7 in 50% vyield, the structure of which was
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prepared via standard dioxenone formation condifiémsn

Scheme 2 trimethylsilyl acetylenigs-ketoesterl1. Upon irradiaton of
hy, 10 min; MeCN/Me,CO (9:1) dioxenonel2, only the primary cyclobutene produ@ was
60% yield (1:2 ratio of 7:8) observed with none of the bridged prodaétcorresponding

to 7. The absence df6 can be attributed to the decreased
homolytic lability of the carbordeuterium bond inl4

hv, 90 min
> MeCN/Me,GO

o” o A ) ; .
« 5% yeld relative to the corresponding-@4 bond in9 (Scheme 2).
S o T To determine the role of the silyl substituentdiiScheme
A SiMe 2) in the formation of7, we examined the photocycloaddition
6 of the desilylated alkyn&7 (Scheme 4), which was available
Scheme 4
hv, 10 min hv, 40 min
MeCNIMeZCO MeCN/MeZCO
(0] (9:1)
75% yield 50% y
Q/& % (2:1 ratio of%
18:19)
unambiguously established by single-crystal X-ray anafysis. s
In an effort to determine whethét represented a primary j"i J\ J\
photoproduct, the irradiation & was examined for shorter oy o) o) 0

. ) ' ) . ) o CHy e QHzo . CH2O
reaction times. We were delighted to find that irradiation of H o
6 for only 10 min (2 mM, 0°C) led to complete disappear- %O %O %
ance of the starting material and formation of a 1:2 mixture H ’
of 7and8 in 60% vyield. The intermediacy of cyclobuteBe
in the formation of7 could be unambiguously established
by irradiation of8 for 15 min to give a quantitative yield of by exposure 06 to TBAF under carefully controlled reaction
a 1.3:1 ratio of7:8. The formation of from 8 is consistent  ¢onditions (1.1 equiv of TBAF, 6C, 2 min). Irradiation of
with 1,5 hydrogen atom abstraction from the excited cyclo- 17 for 10 min afforded a 75% yield of the cyclobutei®,
butened to give diyl 10, which can then lead to the formation  hich on irradiation for an additional 40 min under the same
of the observed product’ reaction conditions gave a 2:1 mixture of cyclobuteige

The results that we have obtained on irradiation of the and the reduced produd9 with none of the tetracyclic
deuterated photosubstrdt2 (Scheme 3) are consistent with  product22 corresponding t&@ (Scheme 2). Having estab-
lished that the trimethylsilyl group is necessary for the
formation of the bridged product, we next sought to

H
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Scheme 3 determine the source of the hydrogen atom in the photo-
TEA TEAA. reduced product9.
AcO CD; _hv, 20min We have examined the irradiation b7 in both deuterated
(CDB)ZCO MeCN/Me,CO . . . .
oy G0 280 @) acetone and in deuterated acetonitrile, as outlined in Scheme
uEzE ey 5. Irradiation of dioxenond7 in deuterated acetone leads
to the same mixture of products observed on irradiation of
S‘MES S‘Mes SlMe3 17 in nondeuterated acetone. However, irradiatiorl bfn
1 12 deuterated acetonitrile leads to the formation of photoadduct
op. 0 o "0 O
8D2 A GD2 e §co, Scheme 5
© “ O uy © M 2{1,?85“ 1CO
H H & 3)0
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SiMeg D SiMeg o SiMeg 70% yleld >< O><O
14 15 16 O><O (Zlaxfeitlgc;of % %
>
. . Q/&O hv, 120 min
our proposed mechanism for the formation ©{Scheme A CDsCN/Mezco ><
2). The deuterated trimethylsilyl acetylenic dioxend2avas 17 5% yleld %

(6) All new compounds were characterized by full spectroscdpiand
13C NMR, IR, HRMS) data. Yields refer to spectroscopically and
chromatographically homogeneous (>95%) materials.
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18 with none of the photoreduction produk®, a result that  remarkable transformations are currently in progress in our
is consistent with acetonitrile as the hydrogen-atom source laboratory, and our results will be reported in due course.
in the formation ofl9. Extensive literature precedent exists
for the photoreduction gf—y-unsaturated ketone in which
the solvent provides the source of the requisite hydrogen
atoms? Further studies to elucidate the mechanism of these

Acknowledgment. Financial support from the U.S.
Department of Education (Graduate Assistance for Areas of
National Need Fellowship to E.C.M.), National Institutes of
Health (CA40250), GlaxoSmithKline, and Amgen is grate-
fully acknowledged.

(7) For examples of intramolecular hydrogen atom abstraction and

recombination in the excited state, see: (a) Herz, W.; Nair, MJ.GAm. . . . . .
Chem. Soc196789, 5474. (b) Wolff, S.; Schriber, W. L.; Smith, A. B., Supporting Information Available: Spectroscopic data

I1l; Agosta, W. C.J. Chem. Soc., Perkin Trans1878, 1550. (c) Paquette,  and experimental procedures for the preparatiodr, 11—

L. A,; Pansegrau, P.; Wiedeman, P.; Springed.XOrg. Chem1988,53, . 1 .
1461 (d) Winkler, J.; Gretler, E.; Williard, RL Org. Chem1993,58, ~ 13.17, andl8and X-ray data for. This material is available

1973. free of charge via the Internet at http:/pubs.acs.org.
(8) Mancini, |.; Cavazza, M.; Guella, G.; Pietra,fferkin Trans. 11994
2181. OL047795P

Org. Lett, Vol. 7, No. 2, 2005 229



