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Summary: Asymmetric allylboration of acylsilanes with B-allytdiisopinocampheylborane [(+)-IpcgBAll] is highly 

substrate dependent, resulting in variable amounts of asymmetrrc induction. The determination of enantiomeric 

excess of the resulting highly hindered tertiary silylcarbinols was accomplished by reaction with 

diazaphospholidine 6 in the presence of a catalytic amount of methoxyacetic acid. 

We recently reported a unique approach to the preparation of chiral secondary 

alcohols.1 The methodology, shown below, involves the initial preparation of chiral secondary 

silylcarbinols through the asymmetric reduction of an acylsilane. 2 These resultant silyl carbinols 

are then acylated and thermolized as shown, leading to the migration of one alkyl (or aryl) 

substituent from silicon to carbon with the simultaneous transfer of the acyloxy group from 

carbon to silicon (sometimes referred to as a dyeotropic shift). A potential advantage of this 

methodology (over the direct chiral reduction of ketones) is the ability to prepare chiral 

alcohols in which ~1 and R2 are very similar (ex. ~1 = Ph, R2 = pTol). 
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The potential application of this methodology to the preparation of chiral tertiary 

alcohols requires the following: 1) Acylsilanes must be shown to react with an asymmetric 

reductive-alkylating reagent to achieve a reasonably high enantiomeric excess; 2) The resulting 

tertiary silylcarbinols must rearrange in their acylated form to produce tertiary silafunctional 

compounds analogous to 3; 3) Oxidative cleavage of these materials must proceed in 

reasonable yield. We would now like to report our progress toward the first of these 

objectives. 
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Chiral allylboration of atdehydes is a well-established method for the production of chiral 

homoallyl secondary alcohols from aldehydes.3 While an initial paper3a included allylboration of 

four methyl ketones, the enantiomeric excess in these cases was modest and no further 

studies on the allylboration of ketones have appeared. 

Experimentally, we discovered that most acylsilanes are substantially less reactive 

toward Ipc9BAll than are aldehydes. The reaction4 was performed in ethyl ether at 

temperatures from -78 oC to room temperature. To proceed to completion, the reactions 

typically required from several hours to several days (for very hindered acylsilanes) at room 

temperature. By contrast, most aldehydes are allylborated in a few hours at -78 oC. 

A key difficulty encountered in our study was the accurate measurement of the 

enantiomeric excess of these extremely hindered tertiary alcohols.6 We were unable to form 

Mosher esters under a variety of conditions. Chiral shift reagents did not provide the 

necessary resolution. The tertiary silytcarbinols are thermally sensitive, precluding the use of 

gas chromatography on a chiral stationary phase. 

Fortunately, a recent report8 lead us to try derivatization with chiral 

diazaphospholidine 6 and observation of the 31 P NMR. Direct derivatization with this reagent 

succeeded for the less hindered tertiary silylalcohols, but in many cases, the derivatitation 

reaction was still too slow. We discovered that this reaction could be catalyzed by strong 

acids, which unfortunately also caused concurrent decomposition of the substrate tertiary 

silylcarbinols. After extensive experimentation, methoxyacetic acid (pka-3.57) was found to be 

a suitable, nondestructive catalyst for this reaction. 7 The reaction probably proceeds via an 

intermediate, 7, which is more reactive toward the alcohols than 6 (Scheme 2). 

The results in Table 1 illustrate that the asymmetric allylboration of acylsilanes 

proceeds with highly variable enantioselectivity. The highest values for the enantiomeric excess 

were obtained with a&unsaturated acylsilanes as substrates (entries i-5). Only low values of 

asymmetric induction could be obtained with other substituents, including both aryl and alkyl- 

substituted acyl silanes. Attempts to increase the enantiomeric excess by changing to other 

solvents and/or using methoxydiisopinocampheylborane as the allylborane precursor were 

unsuccessful. We believe that the low yields observed in several cases are the result of at least 

three factors: a) Several of these tertiary silylcarbinols are unstable, leading to partial 

decomposition during column chromatography; b) Steric hindrance makes cleavage of the 

oxygen-boron bond of the initially formed boronates extremely slow; c) The allylboration 

reaction itself was often extremely slow even at room temperature. In attempts to improve 

the yields, most of these reactions were repeated using variable reaction and workup 

conditions. In each case, the enantiomeric excess was virtually unchanged, eliminating the 

possiblity of an undesired kinetic resolution due to these factors. The absotute configuration of 

. the products were assigned by analogy with previously reported results on ketones and 

aldehydes, assuming that the (unsaturated) alkyl group is sterically the smallest. Especially in 

the case of entry 9, it is possible that the opposite stereoisomer has been produced. 



Table 1. Allyboration of Acylsilanes 

OH 

A P 
(+)-[lpc]~BAIl~ 

w 
R’ SWR’~ 

R’ 
d 

-~wiw~ 

1 5 

Entry Product Mb 8.8. (%) 31P, A6 (ppm) Yield (%)’ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12d 

OH 

9 -“Sihle+Ph 

-?r h5WlO’C~Ph 

OH 

3 I 
S 

‘“‘SN&F’h 

OH 

Fa= TL ‘5, 
!3lMeph 

OH 
M. _ Q-j 3, 

SIM+l 

OH 

q 

“SW+Ph 

OH 

Y 
“SiMoph 

OH 

3 
“SI~Ph 

34.1 89 72 

37.0 59 32 

11.9 92 

1.03 

1.99 

2.99 61 

53.9 81 1.19 

62.4 79 

17 

1.25 

53 

44 

3.3 0.95 81 

21.3 36 2.60 81 

11.2 26 2.44 65 

-1.6 42 1.08 70 

0.7 6 0.27 66 

0.1 2 

29 

1 .oo 65 

-2.5 1.52 34 

a) This reagent is derived from (+)-[lpcJ,BCI (which is, itself, derived from (-)-pinene) 
b) in CHCI~ at r-t. c) Isolated yields of pure products. d) Using (+)-[lp&BAll from (+)-[lpc]pBOMe 
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