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Abstract: The enantioselective reduction of aliphatic acylsilanes with i-I-B-chlomdiisopino- 
campheylborane ( (-)-IPC~CU provides 0-l -sfIyIated alcohols (31 in high emzntbmeric excess 
(96-9696) in good isolated yields (59-67961. 

The chemistry of organoboranes spans the entire spectrum of both functional group 

conversions and carbon-carbon bond-forming reactions.3 Among the most important of these 

transformations has been in the selective reductions of carbonyl compounds.4 While both 

borohydride and borane reagents can be employed, Midland’s discovery6 that the P-hydride from 

a terttary chiral center can be transferred through an electrocyclic process to a prochiral 

aldehyde or ketone in a very highly enantioselective manner, engendered widespread interest 

in these reductions. More recently, Brown6 introduced IPC,BCI which combines a highly 

asymmetric reaction environment with the high Lewis acidity of chloroboranes to provide 2” 

alcohols in very high ee from prochiral ketones which contain sterically dissimilar groups. 

In connection with the preparation of silyl-substituted organoboranes,’ we developed 

efficient borane-based routes to l-silyl alcohols (31. compounds which were obtained with 

modest optical purities (Le. 24-40% ee) from the hydroboration of the appropriate alkenylsilanes 

with monoisopinocampheylborane (IPCBI-&).7g Other routes to 3 which give higher product ee’s 

have since been reported,’ including the asymmetric reduction of selected aryl substituted 

acylsilanes& with Itsuno’s chiral borane reagent. In this Letter, we report the remarkable 

selectivity of (-)-IPC,BCl which produces 3 from 1 in nearly homochiral form (cJ Table 1). 
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Table 1. The Asymmetric Reduction of 1 with (-)-IPC,BCI. 

1 Conditions yield of 3 Oh ee IalC’ 

R R’ Temp’ Dne)” Isolated (GC)d crorr) 

a Me Me 

b Me Et 

c Me i-pr 

d n-Bu Me 

e t-Pr Me 

f t-Bu Me 

-35 (3) 67 (91) 96’ +21.57 115-118 (760) 

-35 (3) 62 (80) 98’ +17.16 105 (25) 

25 (120) 60 (81) 98 +14.36 74-76 (0.4) 

25 (4)g 59 (93) 96’ +11.53 82 (36) 

25 (3) 64 (82) 98’ +17.92 75-79 (25) 

N.R.’ 

. “c. ’ h. ’ see ref. 7c.h. d The reaction was monitored by GC after the addition of diethanolamtne. This process 
was slow and the reported GC yields were recorded after the folio- 
5 h. SC: 98 h. sd: 48 h. Se: 4 h. ’ DetermIned by NMR ((+)-E&f&). 

reaction (alcoholysis) times: Sa: 24 h. Sb: 

Sd was obtained in 98% ee. but with reduced ykld (Le. 40%). h 
Determined by NMR ((+)-Eu(hfc)J. ( At WC, 

month at 25°C. 
No slgnifkant reduction was detected a!& 1 

The following procedure for the preparation of 3a is representative: 

To (-)-IPC,BCl (15.04 g. 46.9 rnrnol) in THF (10 mL) at -35°C. under a nitrogen atmosphere. was 
added acetyltrhnethylsflane (4.98 g. 42.9 mmol). drop-. After 3 h. methanolysis of a small aliquot 
revealed the complete reduction of la ( “B NMR 6 29 ppm ). The mixture was allowed to reach 25°C. and 
the THF and a-pinene were removed In uacuo (30 Torr (2VC). then 8 h at 0.2 Torr (50 “cl). The residue 
was dissolved in ether (100 mL) and diethanolamine (14.8 g. 140 mmol) was added. After 24 h. the 
mixture was ffltered and the solid complex was washed with pentane (5 x 15 n&J. The combined solutions 
were were distilled at atmospheric pressure to gtve 3.37 g of 3a (67%. 97% GC purity), bp 115-118°C. 
The spectroscopic properties were identical with those of the racemic material. Treatment of the racemic 
3a with (+)-Eu(ffc), revealed that baseline resolution of the ‘H NMR signals for the Me ( 6 4.7 and 4.5 
ppm ). and TMS groups ( 6 2.3 and 2.1 ppm ). Integration of these signals with the product produced 
from IP(&BCl revealed both sets of signals to be in a 98:2 ratio, 
enantiomer was shifted more downfield than the minor enantiomer. 

respectively. In all cases. the major 

The silyl alcohols, 3. were prepared in racemic form by our standard borane procedure.% 

In previous studies, we developed the analytical methodology to resolve these enantiomers based 

upon their behavior toward optically-active shift reagents (vti ~&a).~~ From (-)-IFX&BCl. 3 was 

obtained as essentially a single enantiomer, having a positive rotation in all cases. Earlier 

studies7g had provided enantiomerically-enriched samples of both (+)-Se and (-)-3e formed from 

the hydroboration of isobutenyltrimethylsilane with the (+)-(sesqui)terpene-derived reagents, 

dilongifolylborane and IPCBl&, respectively. This selectivity correlated well to that of 

structurally-related trisubstituted alkenes. such as 2-methyl-2-butene. Based upon the 

enantiomeric preference observed in the reduction of 3-methyl-2-butanone, we expected le to 

give (+)-Se which proved to be the case. With (+) shift reagents, the (+) enantiomer was 

consistently shifted more downfield than its (-) counterpart. Their Mosher’s esters (4) were 

prepared from O-(+)-a-methoxy-a-(trifluoromethyl)phenylacetic acid ((+I-MTPA) and, while 

neither capillary GC nor ‘gF nor ‘“Si NMR were generally diagnostic, both ‘H (300 MHz) and “C 
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NMR (75 MHz), proved quite useful, providing resolved signals for the RR and RS 

diastereomeric esters (vi& u&o). A correlation between the absolute configuration of 2” alcohols 

and the ‘H NMR’shifts of the alkyl groups in the alcohol portion of the ester has been derived’ 

and, like Lindern&8b we found the TMS group to be upfield (c$ 4a: -0.46 ppm) in the RR 

diastereomer. The methyl group in 4a is downfield (+0.06 ppm) in the RR diastereomer. Taking 

into account th&ygroup priorities are reversed upon switching from t-Bu to TMS, this NMR 

behavior correlat$ precisely with that of the methyl-tert-butylcarbinyl esters of (+)-hITPA.* In 

4. we observed that the ‘“C NMR signal for the TMS group was upfield in the RR isomer (e.g. 

4a: -0.2 ppm).” All of the above are wholly consistent with an R confIguration at C-l for the 

(+) enantiomers.” 

The selectivity of terpene-derived organoborane reagents has been demonstrated to be 

remarkably consistent, being governed largely by steric factors. Midlands found that the 

selectivity of 3-pinanyl-9-BBN (Alpine-BoranerM) could be best explained by a boat-type 

transition state, a model also used by Brown- to explain the similar selectivity of IPC,BCl. The 

uniform, predictable nature of all of the asymmetric processes involving a-pinene-derived borane 

reagents leads one to the inescapable conclusion, that they must all be based upon a common, 

general process. Clues to the nature of this process were supplied by the X-ray structure of the 

crystallfne 2:l complex of IPCBH, with N, N, JV’, AI’-tetramethylethylenediamine (L).“r Nitrogen 

complexation occurs on the exo face of 3-pinanyl ring deflected away from the methyl group 

at C-2 (cj A below). With Reek’s discovery” of the anti relationship of the phenyl group to the 

BF, in the PhCHO-BF, complex. we are led to conclude that the initial complexation of carbonyl 

compounds with the borane reagents such as Alpine-Borane r” or IPC,BCl may resemble B and 



4680 

D, respectively. In these structures, the larger group in the aldehyde or ketone (te. RL or SiR$ 

is anti to the boron. The X-ray structure* of IPC,BCl. represented by C, reveals its monomeric 

nature and C, symmetry with each of the large IPC groups in C occupying the exe position 

with respect to the other’s ring. Compared to A, the additional boron substitution must further 

deflect the entering carbonyl compound toward the reacting IPC group as is depicted in D. The 

formation of D from C clearly results in considerable B-strain as well as an unavoidable 

interaction of the ketone with the proximate methyl in the non-reacting IPC group.” At the 

time of complexation, this IPC group is effectively bulkier than the other and is likely to be 

anti to the ketone. With only a minor rotation, the carbonyl carbon is positioned for beta 

hydride transfer. No intermediates are observed prior to the formation of 2 from C, suggesting 

that once D forms, the subsequent conversion to product is kinetically rapid. 

In summary, this study has provided 3 in nearly homochiral form and advanced a model 

of the reduction process which explains the selectivities observed with 3-pinanylboranes. 
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