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Abstract : The ISMS reaction, which initially afforded a mixture of regioisomeric olefins, can now 

be controlled to produce only the exocyclic alkene. The ISMS methodology was used in a highly 

efficient synthesis of a Dacus oleae pheromone 8. 

Tetrahydropyrans and spiroketals are key-subunits present in a variety of biologically active 

natural products such as the polyether antibiotics, the antiparasitic agents of the milbemycin and 

avermectin family and numerous pheromones. 1 Any synthetic approach towards these 

molecules requires the efficient preparation of tetrahydropyrans and spiroketals. In this letter, 

we report some of our results on the development of a new methodology : the Intramolecular 

Silyl-Modified Sakurai (ISMS) reaction, which allows the rapid and high yielding construction of 

these important-subunits. The power of the ISMS annelation is further demonstrated by the 

short and convergent synthesis of a Dacus oieae Fruit Fly pheromone 8.2 
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During some recent studies on neutral, radical-mediated oxidations,3 we discovered that 

aldehydes and ketones could be converted into homoallylic ethers in a single step.4 By using the 

annellating reagents 2a and 2b, tetrahydropyrans and spiroethers could also be prepared 

efficiently.5 Unfortunately, in our original procedure, a mixture of regioisomeric alkenes 4 were 

formed with little control of the C-C double bond position. We reasoned that the formation of 

these isomers might be triggered by traces of triflic acid present in trimethylsilyl triflate or 

generated by its hydrolysis under the reaction conditions and investigated the effect of various 

basic additives. This study resulted in only marginal success6 
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Table 1. Modified ISMS Anneilations of Carbonyl Derivatives with 2b 

Entry Substrate Product Vield(a) 

, (4 85% 

2cb’ 
CHO 

78% 

3(C) 0 

0” 

X 
OMe 

OMe 

84% 

88% 

5(@ 83% 

(a) All yields refer to pure, chromatographically homogeneous, material; (b) EtOSiMe, 
(200 mol %) was added to the reaction mixture; (c) C,H,,OTMS (10 - 15 mol %) was 
added to the reaction mixture; (d) No trimethylsilyl ether other than 2b was added. 

Remarkably, the addition of a simple trimethylsilyl ether, such as QH130SiMe3 or C2HsOSiMe3 

to the reaction mixture - containing the carbonyl compound and the annellating reagent 2b - 

dramatically modified the product ratio, leading to the almost exclusive formation of the 

exocyclic isomer. Some example of this modified ISMS condensation are shown in Table 1. 

As can be seen from Entries 1-3, both aldehydes and ketones afford smoothly the desired 

exo-methylene oxocene in high yield. The reaction conditions are substrate dependent. In the 

case of aldehydes (entries 1 and 2), 200 mol % of C2H50SiMe3 are required to stop the exo-endo 

isomerisation. However, with cyclohexanone (entry 3), only IO-15 mol % of C&13OSiMe3 is 

necessary?, 8 



Interestingly, ketals 9 (entry 4) prove to be excellent substrates for the ISMS reaction. In 

these cases, no external trimethylsilyl ether is required. Furthermore, annellation of the 

ortholactone 10 derived from 6-valerolactone produces the important 1.5,51-spiroketal system 

(Entry 5), the basic skeleton of numerous pheromones. 1 The efficient transformation of this 

exomethylene spiroketal subunit 5 into a Dacus oleae pheromone 8 is summarised in Figure 2. 
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i = Os04 cat / NM0 / acetone 
Hz0 / 20°C / 17 hrs; 

ii = Na104 / H,O / MeOH / 20°C; 
iii = NaBH, / EtOH / 20°C then 

HCI / H,O / THF 

Catalytic osmylation 11 proceeded, as expected, from the least hindered face of bicycle 5, 

affording predominantly the isomer 6. Cleavage of the vicinal diol 6 was accomplished 

quantitatively, using sodium periodate, and the resulting ketone 7 was reduced with sodium 

borohydride leading to a 1:1.2 mixture (at Cd) of the axial and equatorial alcohols 8. Acid- 

catalysed equilibration finally produced the desired pheromone 8 (eq/axial ratio - 19:l) in 54% 

overall yield from 5. 

Figure 3 

The structure of this pheromone was unambiguously established by X-ray crystallographic 

analysis of the derived p-bromobenzoate (Fig 3).12,13 In conclusion, we have shown that the 

ISMS annellation is a powerful methodology for the preparation of tetrahydropyrans and 

spiroketals.14 The synthetic utility of this condensation has been exemplified by the rapid and 

high-yielding synthesis of the Olive Fruit Fly pheromone 8. Further work from this laboratory 
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on synthetic applications of this novel methodology is currently underway and will be reported 

in due course. 
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