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Abstract. While the reduction of most a.-unsaturated ketones with BHi:SMes in the presence of (R }-B-methyl-
4.,5,5-triphenyl- 1.3 2-oxazaborolidine [(R 2] affords allylic alcohols of the S configuration, that of a,B-unsaturated
ketones branched at both the aand o positions gives alcohols of the R configuration. Theoretical calculations on
complexes of representative cnones with BHy (6-31G*) or with BHz:(R 2 (AM1) may account for the apparent
changes in the steric requirements on cither side of the CO group.

Enantiomerically pure allylic alcohols are valuable synthetic intecrmediates, as many uscful stercoselective
transformations! can be performed by taking advantage of the 1,3-allylic strain of such systems. Most syntheses
of chiral allylic alcohols arc based on the resolution of racemic alcohols by Sharpless’ cpoxidation? or enzyme-
mediated processes:? examples of cfficicnt enantiosclective reductions of a.3-unsaturated ketones are relatively
scarcc? Since enantiosclective oxazaborolidine-catalysed reduction of prochiral ketones with borane or
catecholborane (CB) has emerged in recent years as an excellent route to alcohols of high enantiomerical purity.
It scemed logical to investigate whether the oxazaborolidine-catalysed reduction of a.B-unsaturated ketones
could afford allylic alcohols with high cnantiosclectivity. In this conncction, among many oxazaborolidines
described, only Corey’s (S)-proline-derived, (S)-1. or stereochemically related oxazaborolidines, have been
successfully applicd to the reduction of a few enones to the expected R allylic alcohols. e.g.:
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Very recently, we have described the synthesis of (S)- and (R )-8-mcthyl-4,5,5-triphenyl-1,3,2-oxazaboro-
lidine. (§)-2 and (R)-2, two new catalysts arising from inexpensive (S)- and (R)-phenylglycine, respectively,
which we have utilised in the reduction of prochiral ketones.” Owing to our interest in some chiral allylic
alcohols as building blocks for total syntheses.? we have launched a previous systematic study of the behaviour
of different types of a.fB-unsaturated ketones with borane in the presence of cither (5)-2 or (R)-2. We wish to
report here the performance of (R)-2 in this connection.
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Typically, reductions were carried out by slow addition (~1 h) of a solution of the ketone (1 M in THF)
over an ice-cooled 0.5-1 M THF solution of BH3::SMe; and (R)-2 (0.1-1.0 equiv.)® under Ar, to afford
alcohols 3b-12b in >90% yiclds.!® As shown in Table 1. good sclectivitics are noted for the reactions
involving linear cnones (3a-5a).'! also. allylic alcohols of the expected § configuration are obtained in 83-93%
¢.c. from n-alkyl a-methyl-1-alkenyl ketones (7a-10a), cven when only 0.1 equiv. of (R)-2 are used.
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Table 1. Reduction of Ketones 3a-12a with BH;:SMe, and (R)-2

ketone alcohol e.el ketone alcohol eel
| 2 o
\/\/\/\/\ 85% ) H 939
(80%) g
8a Ph 8b
0 OH OH
| I 85% 0 %
/\WSiMe ) ) Z 88%
L T 70%) W (83%)
4a SiMe; 4b
0 OH OH
3 P 88% 9 z ~ 87%
/ﬁ ANy (82%) | \/w/\r (83%)
5a Ph 5b 10a 10b
o oH . 4%
L o 80% W/ (50%)
(75%)
6a 6b 11a
O
(I) %)H 91% ) y 88%
Ph/\/\‘r Ph/\/\( ©91%) | (63%)
Ta 7b 12a 12b

4E.e. values are given for reactions performed with 1 equiv. of (R }2. Within parentheses, e.e. values using 0.1 equiv. of (R)-2.

Unexpectedly, the reduction of a0t -disubstituted ketones catalysed by (R)-2 led to compounds with the R
configuration (alcohols 11b and 12b), just the configuration opposite to that of the remaining examples
(alcohols 3b-10b). A chemical correlation was carried out in order to confirm the absolute configuration of
alcohols 6b and 11b. Diol 13 and the acetoxy-ketone 14, derived from 6b and 11b respectively, were
compared with the corresponding compounds arising from commercially available (S)-2-hydroxy-3-
methylbutyric acid, as shown in the next scheme:

OAc ! OAc
OH LiAlH, 1) MeLt H : 1) Ac0, pyr,
110y, THF T on THF Et0 O; O 'pMmar b
— - H “
o A, W/\/ 2) Acz0. : 2) 0. THF
13 pyr. DMAP 14 3) Me,S 74% e.e.
lolp=-7.2 [a]p=+5.2

(c=1,CHyCly)  (c=1, CHCly)

These intriguing results are difficult to explain in the light of the widely accepted mechanism>- for oxaza-
borolidine-mediated reductions, which postulates as a key intermediate an exo complex between BH3:(5)-1 and
R CORg, in which the bulkier Ry group is anti to the B-Bu moiety and from which an intramolecular hydride
transfer takes place (si face attack to give the R alcohol). In the 3-10 cases (Table 1), the stereochemical results
can be similarly accounted for by assuming that the unsaturated chain behaves as a group larger than the
saturated chain (even if branched!). However, if the established mechanistic model is still valid, when the
branches are found at both the o and o positions as in cases 11-12, the unsaturated chain seems to behave as a
group smaller than the saturated chain.

In an attempt to explain the enantioselectivity reversal shown in Table 1 we started a theoretical study on
the subject.!? First of all, we calculated the more relevant BH3 complexes of model enones 15-18 in order to
establish their relative stabilities.
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Ab initio 6-31G* calculations'? revealed a few svn and anti conformations of quite similar energy for most
borane complexes. However, while the lower energy conformers of syn complexes of 15-16 were predicted to
be almost co-planar (either s-cis or s-trans), there was two low-energy conformers (rel. energy 0.0 and 0.3
kcal/mol with regard to the lowest energy anti complex) of 18 showing C;C2C3 0 torsion angles of 54° and 64°,
respectively. In the case of 17 co-planar and non-planar syn conformers of nearly identical energy were located
but they lay ca. 3.5 kcal/mol above the lowest energy anfi conformer. Thus, although some differences were
noted, these BH3 complexes appeared to be too simplified to justify all the experimental data, so that we decided
to calculate the real oxazaborolidine-BH; complexes of enones 15-18. In this case, AM1 calculations'? showed
that each enone gave complexes possessing several conformations close in energy for almost every approach
shown below:
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In general, the endo complexes have been found to be less stable than the corresponding exo ones by ca.
1.6-5.8 kcal/mol. Moreover, the more stable conformers of the exo-anti complexes of enones 15-17 are 0.7,
0.2, and 1.2 kcal/mol lower in energy than the corresponding exo-syn ones. Apparently (e.g., see 17 in the
Figure below) steric interactions between the enone and the oxazaborolidine moiety do not ‘permit’ a co-planar
C=C-C=0 arrangement of the exo-syn complexes and, therefore, destabilise them in front of the ‘co-planar’
exo-anti adducts. Only in the case of the a,a’-disubstituted enone, 18, both exo-syn and exo-anti complexes
were found to be non-planar; in this case, 18 (exo-syn), which leads to the product with reverse enantio-
selectivity, was 0.4 kcal/mol lower in energy than 18 (exo-anti).

17 (exo-syn) 17 (exo-anti) 18 (exo-syn) 1 8 (exo-anti)
AH¢°= -30.3 kcal/mol AH;°=-31.5 kcal/mol AH¢°= -34.4 kcal/mol AH¢°= -34.0 kcal/mol

These results are in qualitative agreement with the experimental data despite the fact that the calculated
differences in energy are probably too small to account for the high enantioselectivitics. We believe that
calculations of the complexation barriers would afford a more reliable picture of the differences among the
alternative pathways (in fact, preliminary AM1 results point out that in our systems the carbonyl complexation
step, rather than the intramolecular hydride transfer, is the rate-limiting step). Work is in progress in this
connection.
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