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Approaches to carbocyclic systems mimicking Diels-Alder 
chemistry, wherein a six-membered ring is generated from two 
acyclic precursors in a single synthetic operation, remain the focus 
of intense synthetic effort. While numerous cycloaddition ap
proaches to alternative ring sizes such as five-,4 seven,48'11,5 and 
even nine-membered rings6 have been delineated, direct entries 
to eight-membered rings remain somewhat problematic.7 Only 
a handful of cycloaddition strategies have been described for 
generation of cyclooctyl ring systems.8 While elegant in their 
approach, some of these methods suffer from low yields.8a,d The 
great majority of these strategies also require that the cyclooctyl 
ring be fused to another carbocyclic ring, limiting the general scope 
of these processes.8b,c,e~h 

We sought to develop a general annulation strategy for ring 
construction which would allow direct entry into a variety of ring 
sizes and substitution patterns. We have been initially exploring 
use of a trimethylenemethane dianionic synthon for our annulation 
processes.4a'9 In this strategy, an initial intermolecular reaction 
between the dianionic synthon and a dielectrophile is followed by 
a rapid intramolecular reaction, generating the carbocycle. Such 
an approach allows maximum flexibility for creation of a variety 
of ring systems, as innumerable dielectrophilic species can be 
envisioned as partners for the annulation process. 

Utilizing this strategy, we have been successful in the devel
opment of [3 + 2J43 and [3 + 3]9a routes to five- and six-membered 
rings, respectively. Construction of medium-sized rings by this 
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net cyclization strategy would at first appear difficult, because 
entropic factors and developing transannular interactions inhibit 
such processes from occurring in most instances.913,10 Fortunately, 
we have avoided these potential problems by taking advantage 
of a tin(IV)-promoted, intramolecular hemiketalization reaction 
to effect construction of both seven- and eight-membered rings 
through a common strategy as outlined in Scheme I. Herein we 
report our successful efforts to apply this unique approach to [3 
+ 4] and [3 + 5] annulation processes. 

When stannous fluoride, 3-iodo-2-[(trimethylsilyl)methyl]-
propene (I)11 and requisite dicarbonyl substrates 2 are stirred 
together in THF at ambient temperature, an allylstannane 3 is 
initially generated.12 Addition of this organometallic to the 
dicarbonyl generates an adduct which we believe rapidly forms 
a five or six-membered cyclic hemiketal. Spontaneous cyclization 
of the allylsilane onto this hemiketal then generates the desired 
carbocycles 4.8' Precedents for such a sequence of events exist 
in reactions of allyltin trihalides with two equivalents of aldehydes, 
which ultimately lead to formation of tetrahydropyran deriva
tives.13 

The examples in Tables I and II attest to the generality of the 
process. Both seven and eight-membered rings can be generated 
in excellent yields. Enolizable aldehydes are somewhat poorer 
substrates for the reaction (entry 3 in Table I and entries 2 and 
3 in Table II), perhaps due to competitive protiodesilylation or 
aldol processes under the reaction conditions. Isolated rings as 
well as fused rings (both spirocyclic and linearly-fused) are ac
cessible by the procedure, and substantial diastereoselectivity is 
observed in several examples (Table I, entries 4-6). Stereo
chemistry for one product (entry 5, Table I) was established by 
single crystal X-ray diffractometry on a crystalline derivative. 
Thus, the hydroboration with dicyclohexylborane proceeded with 
exclusive attack from the exo face of the olefin and provided a 
single diastereomeric alcohol upon oxidation with H202 /NaOH 
under standard conditions. Generation of the p-bromobenzoate 
ester of this primary alcohol provided a crystalline product suitable 
for the structure determination. It seems likely that the major 
diastereomers in the other linearly fused bicyclic systems possess 
the same relative configuration. 

The extraordinary efficiency of this novel medium-sized ring-
forming process, coupled with the simplicity of the procedure, 
promises to provide an expedient route into innumerable organic 
molecules. For example, ever increasing numbers of natural 
products containing seven- and eight-membered carbocylic rings 
are being discovered.8^8,14 Several classes of natural products15 
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Scheme I 
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Table I. [3 + 4] Dianionic Annulation Reactions with 
1,4-Dicarbonyl Substrates 

entry dicarbonyl substrate 2 product 4 
b isolated 
yield0 

1 o o 
Me— f V - M e 

o> 

ca" 
ca" 
ca" 

, v J-Me 

CM 

91 

66 

60 

70s 

100c 

85^ 

74 

OQ GQr 
"Refers to material >98% pure by capillary GC analysis. 'Isolated 

as a >15:1 mixture of diastereomers. 'Isolated as a >10:1 mixture of 
diastereomers. ''Isolated as a 3:1 mixture of diastereomers. 

as well as synthetic materials16 possessing significant biological 
activity are also known which contain the same basic bicyclic ether 
structural units generated by this new approach. In addition, such 
bicyclic ethers have been utilized synthetically as key precursors 
to important natural products and other pharmacologically active 
materials.17 Because few general methods exist for construction 
of such molecules,41'53'81,18 the present procedure represents a 

(16) (a) Christy, M. E.; Boland, C. C; Williams, J. G.; Engelhardt, E. L. 
J. Med. Chem. 1970, 13, 191. (b) Payne, G. B.; Soloway, S. B.; Powell, J. 
E.; Roman, S. A.; Kollmeyer, W. D. Chem. Abstr. 1983, 99, 212423J. 

(17) (a) Cowling, A. P.; Mann, J.; Usmani, A. A. J. Chem. Soc, Perkin 
Trans. 1 1981, 2116. (b) Sato, T.; Watanabe, M.; Kobayashi, H.; Noyori, 
R. Bull. Chem. Soc. Jpn. 1983, 56, 2680. (c) Sato, T.; Noyori, R. Bull. Chem. 
Soc. Jpn. 1983, 56, 2700. 

(18) (a) Cope, A. C; McKervey, M. A.; Weinshenker, N. M.; Kinnel, R. 
B. J. Org. Chem. 1970, 35, 2918. (b) Gras, J. L.; Bertrand, M. Bull. Soc. 
ChIm. Fr. 1972, 2024. (c) Barrelle, M.; Apparu, M. Bull. Soc. CUm. Fr. 
1972, 2016. (d) Gaude, D.; Barrelle, M.; Apparu, M. Bull. Soc. CUm. Fr. 
1977, 758. (e) Cekovic, Z.; Djokic, G. Tetrahedron 1981, 37, 4263. 

Table II. [3 + 5] Dianionic Annulation Reactions with 
1,5-Dicarbonyl Substrates 

entry dicarbonyl substrate 2 product 4 
'•> isolated 
yield" 

1 

CQk 

CĈ - cq-

83 

63 

43 

676 

"Refers to material >98% pure by capillary GC analysis. 'Isolated 
as a 1.6:1 mixture of diastereomers. 

promising new synthetic route into this exciting manifold of organic 
compounds. 
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We recently noted that the previously prepared1 2,8,17-tri-
thia[45,12][9]metacyclophane must have the structure 1, in which 
the methine hydrogen lies inside the macrocycle.2 Given this 
information, we immediately considered possible methods of triple 
ring contraction to form the exceptionally congested [34 ,10][7]-
metacyclophane 3, and the thermal extrusion of sulfur dioxide3 

from the trisulfone 2 was chosen as the most promising route. 
Accordingly, compound 2 was prepared by heating 1 in a mixture 
of 30% aqueous hydrogen peroxide and acetic acid.4 Single 
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-2.79 [septet, 1 H, J = 6 Hz, methine H], 1.22 [m, 6 H, 
(RSO2CH2C^)3CH], 2.96 [m, 6 H, (RSC^2CH2J3CH], 4.67 [s, 6 H, Ar-
(CH2)}], 7.66 [s, 3 H, ArW3]; MS, m/z 406 (M+, 4%), 342 (M - SO2, 92), 
213 (M - 3SO2 - H, 48), 171 (66), 115 (100), 91 (65); exact mass 406.0574, 
calcd for Cj6H22S3O6 406.0578. 
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