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The enolate of the 2-deoxy-3-0x0 pyranoside (1) undergoes aldol additions f rom the (3-face exclusively, and so 
stereoselectivity of the reaction apparently relies entirely on  control elements in the aldehyde, such as a- or 
a,B-c he I atio n . 

The principle of double stereodifferentiation as it relates to 
aldol condensation of a chiral aldehyde and a chiral ketone 
was investigated independently by Heathcock and co-work- 
ersl and Masamune.2 The evidence gathered conformed to the 
expectation that chiral partners display distinct diastereofacial 
preferences.3 Thus coupling of ‘matched’ pairs of reactants led 
to  high diastereoisomeric ratios, whereas with ‘mismatched’ 
pairs the selectivity was low. The poor result with the latter is a 
manifestation of the process occurring via the less preferred 
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Table 1. Some aldol addition reactions of ketone (l).a 
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a The products shown are the only adducts detected chromatographically. Bn = PhCH2. Reagents: i, KN(SiMe3)2; ii, ZnC12 or TIC&; 
iii, RCHO. 
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reaction pathway of each partner. But if one of the faces of one 
partner is totally occluded, then control elements in the other 
partner can be fully exploited; this may lead to excellent 
selectivity even for the mismatched pair, because the multipli- 
cative effect of the adverse partners has been obviated. In this 
manuscript we describe studies relating to this ~ o n c e p t . ~  

Our interest in this project arose from our desire to find a 
convergent strategy5 for connecting two sugars, which would 
provide an alternative to our linear pyranosidic homologation6 
route to compounds with multiple contiguous chiral centres. 
Carbohydrate-derived partners have been used in aldol 
additions primarily for their properties as chiral templates. 1 3  

However, for some substrates, e.g. ketone (l), a further 

dimension exists, which takes advantage of their unique 
stereoelectronic properties. This is exemplified for the corre- 
sponding enolate (2), which shows little tendency for elimina- 
tion of the axial anomeric -0Me.T The latter can therefore be 
relied upon to steer electrophiles to the (3-face77 (although in 
situ isomerization is frequently observed) .8 This circumstance , 
in the case of an aldol condensation, permits attention to be 
focused entirely on the stereochemical preferences of the 
aldehyde, and for this we chose to examine the aldehydo 
sugars (3)-(8). 

We were encouraged by previously reported experiments 
which showed that the enolate (2) reacted with the acetonides 
of D- and L-glyceraldehydes to give homochiral aldol pro- 
ducts.’ Comparable results were also obtained for the more 
elaborate pair of enantiomorphic aldehydes, (3) and (4). 
Thus, with the former, (9) was the only product while with the 
latter, (10a) and (lob) were given in the ratio 10 : 1, the 
isolated yields being 5 5 4 5 %  (Table 1). 

t This unusual stability is probably due to the exo anomeric effect, 
which tends to strengthen the glycosidic C-0 bond, thereby opposing 
the pathway for p-elimination. 
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Scheme 1. Reagents and conditions: i, DIBAL; ii, camphorsulphonic acid (CSA), CH2C12, 0°C; iii, as i; iv, CSA, CH2C12, 0°C to room 
temp. Bn = PhCH2. 

In order to probe the correlation between the C-7 orienta- 
tion of the products and the resident chiral centre(s) of the 
aldehydic precursors, aldehydes (5)-(8) were reacted and the 
configurations of the products (11)-( 13) were investigated. 
We found that assignments could be made confidently by 
using simple 1H n.m.r. spectroscopic measurements. Thus, 
C-2 axial orientation in all cases was readily apparent from the 
value J1,2 -0 Hz. The magnitude of J2,7 -11 Hz for (11)-(13) 
implied substantial population of the rotamer depicted in 
Table 1, in which 2-H and 7-H were in the trans orientation.$ 
In view of this criterion, the value J2,7 8.1 Hz has been 
interpreted to imply C-7 (S) configuration in (14). 

The validity of such assignments was verified by X-ray 
analysis of crystalline (10a). A similar verification has been 
reported in an earlier study.7 

The selectivities observed in the adducts (Table 1) imply 
that each of the aldehydes exercises its stereocontrol indepen- 
dently of the ketone. This remarkable facial selectivity seems 
to correlate with the alkoxy substitution at the a- and/or p- 

$ Independent support for this conformation came from the 1H n.m.r. 
spectral signals for the benzylidene methine protons of (11) and (12), 
which were shifted upfield by 0.3 p.p.m. (6 5.3 vs. 5.6) compared with 
the corresponding signal in compound (1) and the other aldol 
products. Models suggested that this effect was due to anisotropic 
shielding by the C-9 benzyl residue of (11) and (12), and consistent 
with this conclusion was the fact that in the corresponding azido 
derivative, (13), the benzylidene methine proton was at the normal 
position, 5.59 p.p.m. 

carbons of the aldehyde, if Cram cyclic models are assumed 
with a-chelation, as in (15), or a$-chelation, as in (16).9 The 
results with aldehydes (3) and (4), as well as for the previously 
reported7 glyceraldehyde acetonides, are consistent with the 
a$-chelation shown in (16). The literaturelo suggests that 
a-chelation is more important than P-chelation. Accordingly, 
the aldol reaction of (1) with (5)-(8), to give anti-Cram 
products only, can be rationalized by the a-chelation pattern 
depicted in (15). 

The C-3-sp2 centres of simple pyranosides are usually 
reduced stereoselectively and this also held true for the 
complex aldol products. Thus reduction of (9) and (14) with 
di-isobutylaluminium hydride (DIB AL) affords the equatorial 
alcohols (17) and (19), respectively (Scheme 1). The former 
gave the acetonide (18) in which J2,7 9.8 Hz indicated that the 
protons concerned are in an antiperiplanar orientation, 
thereby confirming the assignment of (R)-configuration made 
above on the basis of the J2,7 values of (9) and (14) (vide 
supra). In contrast, the diol (19) did not undergo acetonide 
formation. Notably, formation of (20) would have caused 
serious interactions between the furanose and pyranose rings. 

The obtainment of (17) and (19) as homochiral compounds 
with nine and eight contiguous chiral centres, respectively, 
attests to the potential of this aldol strategy. It is interesting to 
note that the above rationalization for the C-7 stereocentre 
when applied to C-6 afdehydo pyranosides relies entirely on 
the orientation of the C-4-(P)-oxygen. C-4-Axial substrates 
[e.g. (3) and (4)] can form a,@-chelates, but their equatorial 
counterparts [e.g. (5) and (6)] appear to prefer a-chelation. 
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