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NOVEL ANNULATION REACTIONS : THE DIRECT SYNTHESIS OF CYCLOPENTANES USING A 

LEWIS ACID ACTIVATED BISFUNCTIONAL ANNULATING REAGENT 

Thomas v. Lee* and Kevan A. Richardson 

School of Chemistry, University of 

st4nmla~: In a novel one-pot reaction 

propane 11) reacts in the presence of 

Bristol, Bristol BS8 lTS, England. 

3,3-Dimethoxy-l-trimethylstannyZ- 

Lewis acids with 0-si2yZated 

enoZates in a [3+2] annulation to form fused c.ycZopentanes possessing 

a bridgehead hydroxy group. 

A great amount of effort has been expended in devising new synthetic routes to 

cyclopentanoids' due to the widespread occurrence of five-membered rings in nature'. 

Unfortunately many of these routes are multi-step procedures which are not readily 

applicable to the synthesis of the naturally occurring cyclopentanoids. A conceptually 

simple approach to five-membered rings is shown in FIG.1, for which the idealised 

Fig. 1 

fragments indicated have been realised in practice by, amongst others, the bifunctional 

conjunctive reagents developed by Knapp3, Trost4, and Danishefsky5 in their [3+2] 

annulation procedures, all of which utilise the natural polarity of an enone system 

for fragment A. However with the exception of Trosts trimethylenemethane palladium 

complexes 
6 

it is inherent in all of the existing bifunctional conjunctive reagents 

that annulation occurs in two separate reactions. This arises since the electrophilic 

and nucleophilic centres so far employed require activation under two sets of different 

and incompatible conditions, so guaranteeing that they do not self destruct. 

We now describe a new annulation procedure which utilises a bisfunctionalised 

conjunctive reagent in which one set of conditions (Lewis acids) activates both 

centres, but sequentially. 
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The trimethylstannyl acetal (1)' is easily prepared in 61% yield by a Grignard reaction 

of 1-bromo-3,3-dimethoxypropane 
8 
. The reaction of (1) with an 0-silylated enolate in the 

presence of trimethylsilyltrifluoromethanesulphonate (TMSOTf)' gives the expected ketone (2) 

(which can be isolated if required). Further treatment of (2) with titanium tetrachloricle 

OMe OMe 

bdOMe a 
Me,SnCI 

Me,Snd OMe 

(1) 

(2) (3) 

however activates the C-Sn bond to nucleophilic attack on the previously masked carbonyl group, 

as shown by Macdonald 10 , giving the cyclized alcohol (3) in 64% yield. As shown in TABLE I 

other Lewis acids can be used with the first entry giving the highest yields. Preliminary 

results indicate that there is some simple diastereoselectivity in the first bona forming 

reactionll and that as expected the second reaction results in formation of a cis fused 

product only12, in yields which for a two-bond forming process are fairly good. 

Other 0-silylated enolates react as shown in the SCHEME so allowing the ready formation 

of the bicyclooctanol (4) and the perhydroazulene (51, each of which constitute the carbon 

skeleton of a large number of natural products. 

Besides the obvious ease of building additional functionality into reagents such as (1) 

so as to facilitate natural product synthesis, this new strategy is notable since it can be 

readily extended to the synthesis of larger rings and to reactions with other enol derivatives 

such as 0-silylated dienolates, all of which will be reported in the near future. 

Acknowledgement: We would like to thank the SERC (grant ref. GR/D/147471 for the support 

of this work. 
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TABLE I 

OSiMe, 

(1) 

Lewis acid 

Entry Lewis Acid* Yield (%)@ 

1. (i) TMSOTf 

(ii) TiCl 
4 

64 

2. AlC13 

3. (i) BP3 

(ii) TiCl 
4 

55 

4. TiC14 

5. TiC14:Ti(OPr1)4 

(3:l) 

27 

50 

41 

Me 

* SnCl 4 gave no products corresponding to (2) or (3). 

@ Yields are for pure isolated material, 

SCHEME 

+ (1) 
(i) TMSOTf 51% 
(ii) TiCl 

4 

OH 
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