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Summary: A new modification of Peterson reaction leading to elongation of three 

carbon units by treatment of aldehydes with titanium ate complex, prepared from 

I-lithio-I-(I-alkoxy)allyltrimethylsilane and titanium(IV) isopropoxide, is 

described. 

Peterson reaction 1) 1s recognized as an alternative procedure of Wittig re- 

action in olefin synthesis, and a few examples 2) have been reported using allyl- 

silane carbanions. Nevertheless, these Peterson reactions have a severe limi- 

tation, because of difficulty controlling the reaction sites. Recently, 

Yamamoto, 3) Sato,4' and coworkers independently reported regiospecific a-attack 

of allylsilane carbanions on carbonyl compounds, leading to formation of the 

corresponding dienes. However, no procedure has been reported, which controls 

the active site of carbanions of a-oxygenated allylsilanes in the reaction with 

carbonyl compounds. We describe herein that the titanium ate complex, 

Li+(Pri0)4-Ti--CH2CH=C(SiMe3)OR (,),), prepared from l-lithio-l-(l-alkoxy)allyl- 

trimethylsilane and titanium(IV) isopropoxide [Ti(OPri)4],5) has resulted in c1- 

attack on a variety of aldehydes with very high regioselectivity to give the 

corresponding dienyl ethers in high yields. 

Four allylsilane reagents, I-(l-ethoxyethoxy)- (g), l-(l-tetrahydropyran- 

yloxy)- Q), I-methoxy- ($), and I-&-butyldimethylsilyloxyallyltrimethylsilane 

($5) were prepared, and their reactivity and selectivity were examined. Treat- 

ment of allyltrimethylsilyl ether with s-butyllithium (s-BuLi) at -78 'C afford- 

ed a-trimethylsilylallyl alcohol via Brook rearrangement 7) (73%), which was con- 

verted in a usual manner into the desired ethoxyethyl (EE) ether (<)8) (94%) and 

tetrahydropyranyl (THP) ether (2) (97%) as mixtures of diastereoisomers, re- 

spectively. The corresponding methyl (2) (~10%) and &-butyldimethylsilyl (TBS) 

ethers (2) (74%) were prepared by in situ reactions of the rearranged alkoxide 

with respective electrophiles (Me2S04 and TBSCl). 

CHZ= CHtHSiMe3 2 R=EE 2 R=THP 

OR JJ R=Me 2 R=TBS 

The relevant Peterson reaction was examined with the EE ether (5) in de- 

tails (Scheme 1). Reaction of the carbanion, generated by treatment of 2 with 

s-BuLi in tetrahydrofuran (THF) at -78 OC, with benzaldehyde gave the alcohol 
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Scheme 1. 
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(4) (67%) and the dienyl ether (&) (27%), which were formed by y- and a-attack, 

respectively. Addition of hexamethylphosphoric triamide (HMPA) to the carbanion 

led to formation of & (51%) as the sole isolable product, any trace amount of ,7,a 

being not detected. On the other hand, the ate complex (2, R=EE) prepared by 

addition of 1 equiv of Ti(OPr1)4 to the lithio allylsilane solution was treated 

with benzaldehyde to afford exclusively & (83%), no alcohol (k) formed by y- 

attack being detected. This new reaction was generalized for various aldehydes 

(not ketones) (Table 1). 

A new modification of Peterson reaction; a general procedure for the EE 

ether (2): To a solution of 2 (202 mg, 1 mmol) in THF (3 ml) was added a 1.3M 

solution of s-BuLi in cyclohexane (0.83 ml, 1.08 mmol) at -78 'C under stirring. 

The resulting dark brown solution was stirred at -78 'C for 30 min. To the 

solution was added dropwise a solution of Ti(OPr1)4 (284 mg, 1 mmol) in THF (1 

ml), and the mixture was stirred for 45 min, when the color of the solution 

changed to bright orange. To this ate complex solution was added a solution of 

aldehyde (0.8 mmol) in THF (0.1 ml), and the reaction mixture was kept at -78 'C 

for 1 h and warmed gradually to 0 "C during a 3 h period and finally to room 

temperature during 14 h. The reaction was quenched by addition of water, and 

resulting precipitates were filtered through Celite and washed with ether thor- 

oughly. The filtrate was concentrated to leave an oily residue, which was 

poured into saturated brine, and extracted with ether repeatedly. The extracts 

were washed with water, saturated aqueous NaHC03, and saturated brine, dried, 

and evaporated to leave an oily residue, which was separated by chromatography 

over silica gel (8 g) (1% ethyl acetate-hexanes as eluent) to provide the 

corresponding dienyl ether (J,). 

While the less hindered aldehydes (runs I-3) reacts smoothly with the ate 

complex (,J,), reaction with the hindered one such as pivalaldehyde (run 7) pro- 

ceeds only in poor yield because of steric hindrance. 9) It is to be noted that 

oiily 1,2-addition reaction occurred in the case of cinnamaldehyde (run 5). In- 

terestingly, the reaction in run 4 offered a single product equivalent 
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synthetically to labile "Nazarov's reagent," 10) which has been useful in natural 

product synthesis. 11) It is also emphasized that each of these dienyl ethers is 

a single isomer concerning the configuration (E) of the newly formed double 

bond, as indicated by the NMR spectna (Figure 1). This stereochemical homoge- 

neity could be rationalized reasonably by assuming the stereoselective approach 

of ,$ to aldehydes, followed by w-elimination of the resulting adducts with 

erythro configuration concerning the metallated oxygen and alkoxyl groups. 

While the THP (,3) and the methyl ethers ($) gave the respective dienyl ethers 

(R and 2) with E-configuration in rather low yields, the silyl ether (2) did not 

afford the expected products, probably because the lithiation of 2 would not 

occur under the conditions examined. 

These dienyl ethers were easily hydrolyzed [2M HCl-THF (1:4), 0 'C, 4 h] to 

give the corresponding vinyl ketones (JQ) in high yields.12) This reaction was 

successfully applied to the first synthesis of (?I-aplysin-20. 13) 
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