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Absbuclz The ure of organoiron compktes 8 and 9 m chiral 3-hydro~propionatee_23-dication equivalenrs is 

illustrated by a sequence of hansformations involving successive nddilion of nucleophiles to these cations. 

followed by redox promoted carbuqlation to give 2R,3S-methyl 3-hydrauypentanoate and ent-sitophilate. 

The activation of transition metal coordinated centers of unsaturation to nucleophilic attack 

constitutes a pervasive theme in organometallic chemistry with important synthetic implications’. 

When the substrate in these reactions is an optically active metal-ene or -enyl complex, in which the 

metal is enantiofacially coordinated to the ligand, asymmetric synthesis becomes possible’. 

We recently reported the preparation of complex 1 from Fp(q ‘-1,2-dimethoxyerhylene)BF, 2 

by exchange etherification with (R,R)-butane-2,3-dial 3. We now show how such complexes may be 

used as syn-3-hydroxypropionate-2,3-dication equivalents. 
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The addition of both carbon and heteronuclear nucleophiles to 1 has been observed to occur 

with high regioselectivity to give optically pure adducts 3-z?,‘. Ring opening of these adducts in the 

presence of TMS triflate, which proceeds through the minor conformer 3-eq’, affords the trans-vinyl 

ether complexes 4, as the kinetic product at low temperatures. When this reaction is carried out with 

protic acids in the presence of an alcohol, the thermodynamically preferred cir-vinyl ether complex 5 

is obtained, through sequential ring opening and rmns-etherification. Since 5 has also been observed 

to add nucleophiles regioselectively at the carbon center bearing the ether function, and the resulting 

(alhyl)Fp complexes 6 are in principle transformable6 to carboxylic acid derivatives with retention of 

configuration, complexes such as 1 may serve as enantioface selective 3-hydro.xypropionare-2,3- 
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dication equivalents. We now illustrate the use of this sequence for the synthesis of 2,3-disubstituted 

3-hydroxypropionates 7. 

FP’ 

OTMS 

3-eq 4 

5 6 7 

a J-HF. -76’v 1 h. b. TM ttitate. CH,CI,-Et$. -76O, 1 o m. c. HBF;E&O, Et20, -76“; ROH, 00 

Since both enantiomeric forms of propane-1,Zdiol are readily available’, we have turned to 

the use of this glycol for the preparation of analogs of 1. Exchange etherification of Fp(q*-1,2- 

dimethoxyethylene)Bf with (S)-propanediol gives a mixture of diastereomers 8 and 9. These are 

separable by crystallization from cold methylene chloride, but in synthetic practice this is unnecessary 

since the absolute configuration at the two chiral olefinic carbon centers in 8 and 9 are identical. 

The addition of nucleophile to these cationic complexes, which proceeds through a chair transition 

state, is identically regioselective for each isomer, and consequently yields adducts with the same 

absolute configuration at the two newly created tetrahedral centers. 

Thus, reaction of 9 or a mixture of diastereomers 8 and 9, with lithium dimethylcuprate gave 

10a or lOa,b (89%) and these were converted to the optically active vinyl ether complex ll* (81%) 

by acid promoted ring opening followed by alcohol exchange with p-methoxybenzyl alcohol. 

Conversion of 11 to (2R,3S)-methyl-Zmethyl-3-p-methoxybenzyloxypentanoate 13’ is readily 

achieved, without isolation of intermediates, through successive treatment with ethyl Grignard, 

followed by oxidation of the (alkyl)Fp intermediate 12 in the presence of methanol. The sequence of 

steps, 8,9 - 10 - 11 - 12 - 13 may also be conveniently carried out without purification of 

intermediates (35% overall). Deprotection of 13 with DDQ” gave the methyl ester 14” (60%). 

When oxidation of 13 with ceric ammonium nitrate is carried out in the presence of 3-pentanol, the 

ester 1S is obtained (15%). Deprotection of 15 with DDQ yields enr-sitophilate 16” (52%) the 

enantiomer of the granary weevil aggregation pheromone’3. 
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a. CH~CIZ. 0’. 6.5 h. b. LiMqCu, Et3N, THF, -78’. 3 h. c. HBFa EtaO, CH&., -78”, 0.5 h. ; p-MeOPhCH20H, CH2Ci2. 0°, 10 h 

d. EtfWr. Et& THF. -78’. 1 h. 8. Ce(NH4)2(N0&, NaOAc, CO, THF-MeOH. -78’to X0, 2 h. f. 3-pentand, THF, NaOAc, CO, 

Ce(NH,)2(NO& -78’ to 25’, 2 h. g DDO, CH,CI,. 25’, 10 m. 

Further examination of these transformation with a view to using this sequence for the 

preparation of either syn- or anti-diastereorneric B-hydroxyesters is projected. 
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