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INSIDE~OUTSIDE STEREOISOMERISM 111l

THE SYNTHESIS OF TRANS-BICYCLO[4.3.l]DECAN—lO—ONE+
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Searle Chemical Laboratories, Department of Chemistry, The University of Chicago, Chicago,
Illinois 60637

Paul G. Williard?
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Summary: The synthesis of trans-bicyclo[4.3.1}decan-10-one, the smallest bicycloalkane to
possess the inside-outside stereochemical relationship, is described, in which
the trans intrabridgehead stereochemistry is established via the intramolecular
dioxolenone photocycloaddition.

We have recently reported that the intramolecular photoaddition of dioxolenones to
alkenes, i.e, l—-},s leads to the formation of six-, seven- and eight-membered rings in

good yield, and that this reaction can be applied to the synthesis of bicycloalkanes with the

inside-outside intrabridgehead stereochemical relationship.6'7 In this Letter, we describe

the synthesis and characterization of trans-bicyclo{4.3.1}decan-10-one, 4, a compound which

is ca. 20 kcal/mole more strained than the corresponding cis-bicyclodecanone, 5.
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The photosubstrate 8 was prepared as outlined below.® Dianion alkylation9 of t-butyl

cyclopentanone 2—carboxylatelo with 4-pentenyl iodide (89% yield), followed by dioxolenone
formation (acetic anhydride, acetone, trifluoroacetic acid, room temp., 58% yield)ll

provided 8. In striking contrast to the irradiation of 12, which resulted in
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the exclusive formation of photoproduct, 13, with the inside-outside stereochemistry,
irradiation of 8 (0.02M in 1:9 acetone/acetonitrile; pyrex immersion well; 0°C) for four
hours resulted in the formation of two diastereomeric photoadducts, which, upon
fragmentation (0.1 equivs. p-TsOH/methanol/reflux/72 hrs.), led to a 1:5 mixture of
ketoesters 10 and 11 (as a mixture of epimers, vide infra) in 65% overall yield. To
determine the intrabridgehead stereochemical relationships of 10 and 11, the separated
ketoesters were submitted to ester hydrolysis (3 equivs. 1 M aqueous lithium
hydroxide/methanol/tetrahydrofuran, 25°C), acid chloride formation (10 equivs. oxalyl
chloride, catalytic dimethylformamide, benzene, 25°C, 1 h) and Barton decarboxylation
(1.2 equivs. of the sodium salt of 2-mercaptopyridine-l-oxide, 0.1 equivs.
dimethylaminopyridine, 10 equivs. tert-butyl thiol, diethyl ether, 100W sun lamp, two
hours)12 to provide the bicyclo[4.3.1]decanones, 4 and 5, respectively. Inspection of
the 13c NMR of these compounds led to the assignment of the major product, 5 [IR = 1692
em™! (cHCly); 13c-NMR (CDCls): 19.6, 27.6, 31.7, 33.1, 48.7, 218.0] as the
outside-outside cis-bridged compound and the minor product, 4 [IR = 1748 em™ 1 (CHCl3):
13c_NuR (cpcly): 21.0, 25.5, 28.1, 29.3, 31.9, 34.9, 35.3, 49.5, 49.6, 219.1) as the
trans-bridged stereocisomer, which contains neither a plane nor an axis of symmetry.
Unambiguous proof for the inside-ocutside intrabridgehead stereochemical relationship
followed from the single crystal X-ray analysisl3 of 10 (R = H), the most striking
feature of which is that, to accomodate the inside-outside stereochemical relationship, the

C9-C1-C2 bond angle in 4 is 130°.
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The dramatic increase in strain energy difference between cis- and trans-bicyclo[5.3.1]-
undecanones (ca. 10 kcal/mol) and cis- and trans-bicyclo[4.3.1]Jundecancnes (ca. 20 kcal/
mol)14 leads to a striking difference in the stereoselectivity of the photocycloadditions
of 8 and 12. 1In the photocyclization of 12, the exclusive formation of the inside-outside
photoadduct, 13, was explained via a chair-like six-membered ring transition state in the

& It was not expected that this orientation should be particularly

photocycloaddition.
sensitive to the ketoester ring size, i.e., 8 instead of 12. However, photocycloaddition

of 8 results in the predominant formation of the "outside-outside" or cis-bridged bicyclic
products. A later transition state for the photocycloaddition of 8 than 12, reflecting the

difference in stability between the cis- and trans-bridged products, would account for the

predominant formation of the more stable cis-bridged stereoisomer in the irradiation of 8.
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In conclusion, we note again that the intramolecular photocyclocaddition of dioxolenones
has important advantages over the more classical deMayo diketone sequence.ls'16 Aside
from the benefits of regiochemical control afforded by the use of the §-ketoesters, this
new methodology makes possible the synthesis of trans-bicyclo[n.3.1]alkanones, which cannot

otherwise be prepared.
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