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The dodeca-1,6-dien-ll-ynes 1 and 5 give the polycyclic 
molecules 4 and 7, respectively, in the first known [2 + 2 + 21 
cycloaddition reaction promoted by triphenyltin hydride, in 
a cascade free radical process. 

In recent years cascade cyclizations have yielded elegant 
approaches to the synthesis of carbocycles. In particular, 
metal-~atalysed~,~ cycloisomerization of enynes has become 
one of the best methods for the preparation of polycyclic 
molecules. In this context, radical ring closure4 of terminal 
dienes has received much attention.5 However, the free radical- 
promoted cycloisomerization of dienynes remains largely 
unexplored.6 As a part of ongoing research into the synthesis of 
carbocycles using free radical-based methodologies,7 I now 
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report the first examples of a triphenyltin cascade radical- 
mediated cyclization of 4,9-dioxadodeca- 1,6-dien- 1 1 -ynes.8 As 
a result, I describe here the first formal free radical-promoted [2  
+ 2 + 21 cycloaddition of dienynes. 

I began with dienyne sugar derivative l.$ After treatment 
with triphenyltin hydride and triethylborane,§ pyranoside Z9 
was obtained in 54% yield; in addition, we could detect and 
isolate products 3 and 4 (Scheme 1). These compounds, 
although obtained in low yield, represent new types of complex 
and enantiomerically pure 1,6-dioxatriquinanes and 1,6-dioxa- 
hydrindacenes,5 respectively, that can be obtained from readily 
available chiral precursors. Each adduct was diastereomerically 
pure and the absolute configuration at the newly formed 
stereocentres was assigned by detailed 2D NOESY and lH 
NMR experiments. 

The particular experimental conditions are critical; precursor 
1 was recovered unaltered when warmed in toluene or treated 
with BEt, at room temperature, and reaction with palladium 
complexes 10 produced extensive decomposition. 
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Encouraged by these results, I prepared the analogous prop- 
2-ynyl pyranoside 5 4  Using the same experimental condi- 
tions,§ a more complex reaction resulted; I could only purify 
and characterize the tris-annulated pyranosides 6 and 77 
(Scheme 2). 

The unexpected formation of products 3, 4, 6 and 7 is a 
consequence of a series of three tandem radical cyclizations 
(Scheme 3). Compound 3 was obtained after hydrostannylation 
of the acetylene moiety, vinyl radical formation followed by 
5-exo-trig cyclization at C-3 (sugar numbering), radical forma- 
tion at C-2 and 5-exo-trig cyclization onto the terminal double 
bond; the resulting primary alkyl radical A1 attacks the vinyltin 
moiety in a 5-exo-trig mode and the obtained radical traps 
hydrogen from HSnPh3 leading to 3, reinitiating the free radical 
chain reaction. In the case of compound 4 the same series of 
events gives the radical species A2 which, after 6-endo-trig 
cyclization onto the pre-formed vinyltin function, gives species 
B; subsequent elimination generates the double bond at C- 
1O-C- 1 1; interestingly, the resulting triphenyltin radical re- 
initiates the chain reaction, via an overall addition-elimination 
type reaction,l' in a catalytic manner. 

From the yields and ratios of products 3 and 4, and 6 and 7, 
it is clear that while the 5-exo-trig radical cyclization from C-2 
onto C-8 is not very selective, once the C-9 primary radical with 
H8 ex0 has been formed, it exclusively cyclizes in a 5-exo-trig 
mode that gives product 3; note that this 5-exo path is 
particlllarly unfavourable because of the trisubstituted alkene in 
the vinyl moiety.12 Similarly, when the C-9 primary radical with 
H8 endo has been formed, it exclusively cyclizes in a 6-endo- 
trig mode that gives product 4. The same arguments can also be 
applied to the cyclization of precusor 5. This extremely high 
selectivity is probably due to the particular steric and stereoelec- 
tronic constraints present in our rigid molecules. 

Note that the formation of cyclohexenes 4 or 7 is the formal 
result of a triphenyltin hydride-mediated free radical-promoted 
[2 + 2 + 21 cycloadditionl3 of 4,9-dioxadodeca-1 ,6-dien- 
ll-ynes. To our knowledge such a process has not been 
described before. 

Footnotes 
t E-mail: iqmc21@pinarl .csic.es 
$ The synthesis of the radical precursors will be reported elsewhere. 

8 In a typical procedure, the dienyne (0.77 mmol) is treated with triphenyltin 
hydride (1.1 mmol) and triethylborane (0.38 mmol) in toluene (0.016 M) at 
room temp. (these are typical conditions for hydrostanny lation of 
acetylenes; see: K. Nozaki, K. Oshima and K. Utimoto, J .  Am. Chern. Soc., 
1987, 109, 2547). After 3-6 h, the solvent was removed and the residue 
submitted to flash chromatography. All new compounds showed good 
spectroscopic and analytical data. 
1 In the less polar fractions we could detect by IH NMR an analogous 
hydrostannylated product of type 2 (Scheme 1). We were unable to obtain 
it pure. 
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