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Summary: The rates and enantioselectivities of the redaction of a series of trihalomethyl kerorus 
under catalysis by oxazaborolidine 2 can be explained iri terms of structural and mechanistic 
analyses which are detailed herein and which have predictive value. 

The reduction of a series of trihalomethyl ketones, RCOCX3 (1). by catecholborane* in toluene is 
strongly catalyzed by the chiral oxaxaborolidine 2 and provides trihalomethyl carbinols 4 with excellent 
enantioselectivity? The absolute stereochemical course of the reduction is consistent with structure 3 as the 
preferted activated assembly on the pathway to 4. In 3 the catalyst is coordinated to the carbonyl lone pair which 
is syn to the group R and anti to the trihalomethyl group, which implies that the latter group is the bulkier of the 
two. This preferential coordination geometry then should translate into enantioselectivity either if the formation 
of 3 is rate limiting or if 3 and the alternative minor diastereomeric complex. in which coordination occurs syn to 
the CX3 group, are converted to product at nearly the same rate. This paper addresses several issues which are 
of interest in connection with the enantioselective conversion 1 + 4 : (1) the rate-enhancing effect of halogen on 

the reduction; (2) the reason for the greater effective bulk of CX3 as compared with groups such as tert-butyl, 
mesityl and g-anthryl; and (3) the consequences of intramolecular steric compression, restricted rotation and 
gearing effects on the level of enantioselectivity. 

In order to obtain information on the electronic effect of substituents on the rate of enantioselective 
reduction of ketones the relative rates of reduction of acetophenone and its p-nitro- and p-methoxy derivatives 
were determined using the B-methyl analog of 2 as catalyst and borane in tetrahydrofuran as stoichiometric 
reductant at 23 ‘C. Bquimolar amounts of each of the three possible pairs of these ketones were reduced with 
10 mole % of borane and 2 and the ratios of reduction products were measured by gas chromatographic 
analysis. In this way the relative rates of reduction for acetophenone, its p-nitro and p-methoxy derivatives 
were found to be 1 .O. 3.4 and 1.8 respectively. The simplest interpretation of this small rate difference with a 
minimum rate for acetophenone is that neither ketone-catalyst coordination nor hydride transfer to carbonyl steps 
are strictly rate limiting for these substrates.3 
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The 1HJH kinetic isotope effect (kHflrD) for the hydride transfer step was measured by using an excess 
of a 1: 1 mixture of BlH3 and B2H3 (6 mole equiv of each) in tetrahydrofuran with 2 equiv of the B-methyl 

analog of 2 and 1 equiv of acetophenone. The ratio of lH to 2H in the reduction of product, 1-phenylethanol, 
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was determined mass spectrometrically to be 1.7 which is then the approximate value of k&. This low value 
is indicative of an early transition state for the highly exothermic step in which hydride is transferred to carbonyl. 

Since a,u,a-ttifluoxo and u,u,u-trichloroacetophenone are comparable in reactivity to acetophenone in 

oxaxabomlidine-catalyeed reduction, it is appatent that for the trihalomethyl ketones the increased electrophilicity 
of the carbonyl carbon compensates for the lower Lewis basicity and greater steric shielding of the carbonyl 
oxygen. That is, the rate constant for hydrlde transfer is increased, perhaps even to the point that complexation 
is rate limiting for these substrates. In this event the enantioselectivity would depend directly on the relative rates 
of complexation of trihalomethyl ketone 1 at the lone pairs which are ryn or arm’ to the trihalomethyl group, the 
latter being favored. Supporting evidence for this possibility has been obtained from an experiment in which 
a,a,a-trifluoroacetophenone was treated with a 1: 1 mixture of catecholborane-tH and catecholborane-2H 

(10 equiv of each) and catalyst 2 (1 equiv) in CH2Cl2 at -78 ‘C. The product was found to be a 1: 1.1 mixture 
of deuterated and ncmdeuterated ttihalomethyl carbinol, as would be consistent with a rate liiting association of 
ketone with the catecholborane complex with 2 followed by hydride transfer whiih is fast. 

The relative sixes of three of the trihalomethyl groups am in fact in the expected order CBr3 > CC13 > 
CF3 as indicated by the following reductions of acetophenones by catecholborane in toluene under catalysis by 
10 mole % of 2 to give R trihalomethyl csrbinols with the R/S enantioselectivities shown: 

Ketone: 5, GsQCOCF3 6, Cd$scOCCl3 7, C&COCBr3 
RIS: 95 : 5 (-78’) 98 : 2 (-23O) 99: 1 (-23O) 

In each of these substrates it is reasonable that phenyl is effectively the smaller group. With the phenyl group of 
6 oriented perpendicular to the CoCOCo’ plane (6A). the ttichloromethyl group can rotate quite t?eely and it is 
obvious that lone pair CI is more accessible. In 6B (phenyl in the C&CK!o plane), the phenyl and CC13 groups 
am geared and lone pairs u and 6 are both strongly obstructed. 

In the case of mesityl trifluoromethyl ketone (7) the reduction by catecholborane and 2 shows 
> 99.5 : 0.5 R/S enantioselcctivity, and with 9-anthryl tritluoromethyl ketone (8) the reduction shows 97 : 3 R/S 
enantioselectivity. In each of these cases the substrate is locked fiiy in the conformations 7A or 8A 
respectively (analogous to 6A) favoring catalyst coordination at lone pair u. The lower enantioselectivity in the 
reduction of phenyl trifluoromethyl ketone 5 as compared with the mesityl and 9-anth@ analogs 7 and 8 
deserves comment. To the extent that conformation SB contributes to the rotomeric population distribution, 
coordination to lone pair u and formation of the R carbinol becomes relatively less favorable than for SA. or the 
analogs 7A and SA. Thus, because of the possibility of rotation of phenyl in 5, the molecular geometry SB is 
possible in which phenyl more strongly screens lone pair a than is the case for mesityl or 9-anthryl which are 
locked non-conjugated rotomers analogous to 5A. In this sense it is possible for a phenyl group to exert greater 
screening than a mesityl or 9-anthracenyl group. 
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A similar superficial anomaly has been observed in the catecholborane reductions caudyxed by 10 mole 5% 

of 2 in toluene for the series of uichloromethyl ketones, rert-butyl(9), adamantyl (lo), cyclohexyl (11X n-amyl 
(12) and 2-phenylethyl(13) for which the following l?/S enantioselectivities were measured experimentally: 

9, 
ZL cocl, 10, D coccls 11, c=zslh=ts 

R/S 99: 1 (-20”) 99 : l (-20”) 96 : 4 (-20’) 

I2 -c=% 1 13, 
=sHsV’m,ts 

RIS 97.5 : 2.5 (-60”) 97.5 : 2.5 (-780) 

In each of the above cases the trichloromethyI group is the stronger with regard to screening of the &bony1 lone 
pair. This may be due in part to an electrostatic destabilixation of the complex in which negatively charged baton 
is attached to oxygen at the lone pair syn to the electron rich CCl3 group, as pointed out previously.~ However, 
even granthig this effect, it might be surprising that the reductions of 9 and 10 are as ~d~l~tive as they are 
and, indeed, somewhat more enantioselective than those of 11, 12 aud 13. In the case of terf-butyl 
~chlo~~~yl ketone (9). in which the two groups attached to carbonyl are geared and can rotate in phase, 
coordination with catalyst 2 must be considered for two conformers, 9A and 9B. The 99 11 observed 
enantioselectivity, corresponding to preferential complexation at lone pair u in 9A over 6 in 9B, may be due in 
part to the ability of the two methyl groups closest to oxygen in 9A to rotate mto a position in which they screen 
less effectively than the corresponding chlorine pair in 9I?. 

S SA 

Adamantyl trichloromethyl ketone (10) is locked by intramolecular steric compression in conformation 
1OA and the counterpart of 9B, is en~g~~y too unfavorable.4 In consequence coordination to lone pair u is 

favored 99 : 1 even though the adamamyl group is too rigid to allow the kind of nhxation of khydmgens which 

is possible for 9A. Cyclohexyl trichloromethyl ketone (11) undergoes somewhat less selective reduction 
(97.5 : 2.5) possibly because coordination to lone pair a in 11A is less favorable than in 9A, because the 
cyclohexanc ring prevents deflection of the Bhydrogens by internal C-C rotation; approach of catalyst to lone 

pair b in 11B or 11C is essentially equivalent to lone pair b in 9B. Finally, the lack of gearing and greater 

rotational mobility in substrates 12 and 13 may slightly increase the proportion of 9B-like rotomer and 
coordination of catalyst 2 to the b lone pair, resulting in slightly aide (97.5 : 2.5) en~do~~ti~~. 
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As a result of the foregoing analysis it was predicted that neopentyl trichloromethyl ketone (14) would 

represent an exceedingly unfavorable case for enantioselective reduction by catecholborane under catalysis by 2. 
It is apparent that the intramolecular steric compression between trichloromethyl and ferf-butyl would compel 
these groups to be antiperiplanar about the CH2-CO bond as shown in 14A. In this conformation one of the 
oxygen lone pairs is strongly screened by zerr-butyl and the other by trichloromethyl. Experimentally it was 
found that 14 undergoes reduction only exceedingly slowly (only 30% conversion at -20 Y! after 56 h) and with 
uoor enantioselectivitv (cu. 30%).5 

We believe that the mechanistic insights described herein will ‘help to define the scope of chiral 

oxax&orolidine-catalyxed reduction of trihalomethyl and other highly substituted ketones.6 
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