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ABSTRACT: A procedure has been developed for the high-yield coupling of chiral acetals 1 
with allyltrimethyZsilane (3 R'=H1 as well as with methallyltrimethylsilane (z, R'=Mel 70 
afford the hydroxy ethers 3 in which the new chiral center is formed highly enantioselec- 
tively. Homoallylie alcohols 4 of high ee are produced by removal of the chiral auxiliary. 

The Lewis acid catalyzed reaction of chiral acetals of type 1 with various nucleophiles, 

e.g., 2. (R'=H), proceeds stereoselectively to give coupling products, e.g., 3a + 3b (R'=H) in 

which the former diastereomer is predominant. 132 
-- 

Removal of the chiral auxiliary (by oxida- 

tion/B-elimination) leads to secondary hydroxylic products, e.g., 3 (R'=H), in good to excel- 

lent ee.'y2 The selectivity of the coupling process depends on (a) the nature of the substi- 

tuent R in the acetal 1, (b) the structure of the nucleophile, (c) the type of catalyst, and 

(d) the reaction conditions, i.e., solvent, temperature, concentration and order of addition 

of reagents. Among the nucleophilic partners that have been examined,ly2 allyltrimethyl- 

silane (2, R'=H)2a has proved to be the most susceptible to variations in the selectivity of 

the coupling process. As the result of further study we now report on procedural modifica- 

tions involving the use of a mixed catalyst, 3ayb 6TiC14*5Ti(Oi-Pr) 4, which have effected dra- 

matic improvement in selectivity as compared with the results previously reported 2a for the 

acetals of entries 1, 2 and 3, Table l.4 Compared with 2 (R'=H), methallyltrimethylsilane 

(2, R'=Me) has proved to be a particularly effective nucleophile which couples with acetals 1 

even more selectively (entries 4, 5 and 6, Table 1). In view of the well-established stereo- 

chemical course of the coupling reactions of entries 1 and 2, Table l,2a as well as those of 

related cases,1'2byc the configurations of the products in entries 3-6, Table 1, are presumed 

to be as shown. That the reaction with the new nucleophile 2 (R'=Me) proceeds in this same 

stereochemical sense was confirmed in the case of the product 4 (R = cyclohexyl, R'=Me) (entry 

5, Table 1) by reduction (H2/Pt02/EtOAc), to (-)-cyclohexyl-i-butylcarbinol, [a];' -30.6" (C 

1.87, CC14), which is known to have the 3 configuration.5 The values for % ee (Table 1) re- 

flect the enantioselectivity of the overall conversion 1- 4 _, and the optical purity of 4 is 

calculated by correcting these values for the % ee of the chiral auxiliary. 6 
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The allylation reaction promoted by Tic14 may proceed via a combination of SN2- and S,,,l- 

like processes.2d It is probable that the oxocarbenium ion structure of the S,,,l transition 

state would have 

Lewis acid, such 

tive $2 process 

Scheme 1 

u %,, 
1 

some acyclic character resulting in diminished chiral recognition. A weaker 

as the mixed catalyst described above, should favor the more diastereoselec- 

since the displacement requires greater assistance from the nucleophile. 
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+10.6" (4.87) 

+12.3" (2.00) 

- 0.4" (2.66)a 

+11.2" (3.02) 

+ 3.8" (1.36) 

t28.1" (1.20) 

a-10" (0.64) in EtOH. 

The use of the weaker and more hindered mixed catalyst is not a panacea; for example the 

allylation of pivalaldehyde acetal 1 (R = t-butyl) gives no coupling by the above procedure. - 

Under "standard" conditions with TiC142a the ratio 3a/3b (R = t-butyl, R'=H) was 87:13 (yield,8 -- 

86%). However, the diastereoselectivity of even this extreme case was subject to improvement: 

~.e., instilling over 55 min a solution of TiC14 (0.58 mmol) in CH2C12 (10 ml) into a Solution 

of the acetal (0.29 mmol) and 2 (R'=H) (2.32 mmol) in CH2C12 (40 ml) at -78", afforded in 90% 

yield 3 (R = t-butyl, R'=H),8yg 3a/3b = 92:8.1° This example serves as a warning that it may - -- 

be necessary to "tailor-make" procedures and one should not be discouraged by a single Poor 

result in a new system. 

The availability of alcohol 5 (i.e., 4, R = i-butyl, R'=Me, entry 6, Table 1) in >95.5%6 

enantiomeric purity, prompted us to explore its use for the asymmetric synthesis of dihydro- 

myoporone @),'l a potato stress metabolite. Still and Darst 
12 

have described the total syn- 

thesis of the racemic form of 8, the critical step being the elegant, highly diastereoselec- 

tive, intramolecular bis-hydroboration of the diene 5 to yield the syn(i)diol 7. Hydro- 

boration of 5 and of several derivatives showed little syn/anti selectivity. The best result 
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6 

obtained so far has been with the trifluoroacetate of 5 and thexylborane (3 mol eq./THF/ 

-78 to -15"C, 17 h; 30% H202/8 y KOH/EtOH 1:1:2) which gave in 98.5% yield a 76:24 ratio of 

diols in favor of the syn form 7. 13 Fortunately this diastereomeric mixture was readily and 

completely separated in a single-pass HPLC (21.2 mm X 2.5 cm DuPont Zorbax O.D.S. column; 

3:2 MeOH/H20) giving >95%6 optically pure L [a]i6 + 6.3" (c 1, CC14). The 'H and 13C NMR 

spectral properties of L were in complete agreement with those reported 
12 

for the racemic 

material. Using a sequence that was essentially the same as Still'~,'~ we have converted L 

into dihydromyoporone, [a];' -3.6" (c 1.95, MeOH). The 'H and 13C NMR spectral properties 

were indistinguishable from those reported 
12 

for the racemic as well as the natural product. 

The reported14 [o]i5 of a specimen of the natural product is -6.4 + 1.5" (c 1.34, MeOH) 

which, considering the difficulty of duplicating determinations with small samples having very 

low rotations, is not in serious disagreement with ours. Since the signs of the rotations are 

the same we conclude that we have fortuitously produced the natural enantiomer; and that the 

hitherto unknown absolute configuration of dihydromyoporone is that shown in formula 8. 
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