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Abstract 
2,3-O-Carbonate protected rhamnopyranosides with both the α- and β-anomeric configuration 
are shown crystallographically to have ring conformations that differ significantly from the chair 
and which approach the oH5 half-chair.  This distortion, which is greatest in the α-anomer, 
provides a basis for the α-selectivity of 2,3-O-carbonate protected manno- and rhamnopyranosyl 
donors as well as the conformationally related 2,3-O-alkylidene derivatives, in homogeneous 
solution phase glycosylation reactions. 
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Introduction 
 
The stereocontrolled synthesis of the β-manno- and rhamnopyranosides has long been 
recognized as a significant challenge in carbohydrate chemistry.1-7  The first direct8 solutions to 
this problem, variants on the venerable Koenigs Knorr reaction, employed the α-mannosyl9 and 
rhamnosyl10 bromides 1 and 2 carrying the 2,3-O-carbonate protecting group.  This cyclic 
protecting group is both strongly electron-withdrawing and stereoelectronically incapable of 
neighboring group participation.  More recently, we have introduced a method for direct β-
mannopyranoside formation in which a 4,6-O-benzylidene protected thiomannoside 3, bearing 
ether-type protecting groups on O-2 and O-3, serves as donor after brief activation with 1-
benzenesulfinyl piperidine (BSP) and trifluoromethanesulfonic anhydride at low temperature in 
dichloromethane.11,12  This chemistry is a refinement on our initial solution to the problem when 
we employed the corresponding mannosyl sulfoxide 4 with activation by 
trifluoromethanesulfonic anhydride.12,13  With both classes of donor, 3 or 4, the activation 
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protocol leads to the formation of an α-glycosyl triflate 5,14 which is transformed to the β-
glycoside on addition of the alcohol via attack on the exposed β-face of a transient oxacarbenium 
ion within the confines of a contact ion pair 6.15  The 4,6-O-benzylidene acetal, or related group, 
is critical to the success of this stereoselective protocol and functions by destabilization of the 
transient oxacarbenium ion.14,16,17  Here, we present X-ray crystallographic structures of 2,3-O-
carbonate protected steroidal α- and β-rhamnopyranosides and discuss the reactivity of these 
molecules in terms of their pyranose ring conformations. 
 

 
 
 
Results and Discussion 
 
Seeking to improve the selectivity of our protocol further we considered the juxtaposition of the 
2,3-O-carbonate group and the 4,6-O-benzylidene acetal as in donor 7.  In view of the β-
“directing” effect of these two individual groups we were surprised to find that 7 was an 
extremely α-selective mannosyl donor when activated with benzenesulfenyl triflate and triflic 
anhydride,13,18 a precursor to the present BSP/Tf2O system, at low temperature in 
dichloromethane before addition of an acceptor.19  More recently, we found the 2,3-O-carbonate 
protected thiorhamnosides 8 to be α-selective when activated by our standard protocols.20  
Moreover, the 2,3-O-carbonate protected rhamnosyl bromides were also α-selective when 
activated with a soluble silver salt (AgOTf), but β-selective when activated with an insoluble 
silver salt (Ag2CO3).20  We concluded that 2,3-O-carbonate protected manno- and 
rhamnopyranosyl donors are generally α-selective when employed in homogeneous coupling 
reactions and only show β-selectivity when employed at a heterogeneous surface.  We 
hypothesized that the general α-selectivity of these donors is a function of the conformation 
imposed on the pyranoside ring by the cis-fused cyclic carbonate on the basis of NMR 
measurements.20 
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 The two steroidal glycosides 9 and 10 were prepared as previously described20 and were 
examined crystallographically leading to the structures presented in Figures 1 and 2.  It is 
immediately obvious from simple inspection of Figures 1 and 2 that both 9 and 10 exhibit 
considerable flattening of the pyranose ring due to the presence of the carbonate group and 
approach the oH5 conformation postulated by Kunz21 and ourselves19,20 on the basis of NMR 
measurements.  The intra-ring torsion angles presented in Table 1 put this on a more quantitative 
basis with significant reduction below the 60o torsion angles of an ideal chair conformation.  
Both the α- (9) and the β-glycosides (10) show the same type of distortion from the chair 
conformation, but the extent is somewhat greater in the case of the α-anomer.  This flattening of 
the ring influences the magnitude of the anomeric 1JC,H coupling constant,22-25 normally the most 
useful parameter for assignment of anomeric configuration in the manno- and 
rhamnopyranosides, rendering it unreliable in this case.  On the other hand the twist in the 
pyranose ring increases the difference between the 3J(H1,H2) scalar coupling constants making this 
the parameter of choice for assignment of configuration, as we have discussed previously.19, 20  
The same pattern of 3J(H1,H2) scalar coupling constants occurs in the 2,3-O-alkylidene 
rhamnopyranosides, indicating a similar conformation,26, 27 whose thioglycosides are α-selective 
in homogeneous couplings, but whose glycosyl bromides are β-selective in heterogenous silver-
promoted glycosylations.28 

 
Figure 1. Partial X-ray crystal structure of 9 showing the pyranose ring conformation. 
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Figure 2. Partial X-ray crystal structure of 10 showing the pyranose ring conformation. 
 
Table 1.  Key structural data for 9 and 10 

 9 10 
configuration α β 

glycosidic torsion angle φ (o) 50.96 -33.49 
C1-O1 (Å) 1.3975 1.3835 
O5-C1 (Å) 1.3895 1.4115 

C1,C2,C3,C4 (o) 25.22 33.16 
O2,C2,C3,O3 (o) 25.49 30.42 
C5,O5,C1,C2 (o) 50.7 58.7 
H2,C2,C3,H3 (o) 25.62 32.60 
H1,C1,C2,H2 (o) 85.13 -42.68 

3J(H1,H2) (Hz) 0 3.0 
1J(C1,H1) (Hz) 169.1 166.5 

 
 In conclusion, the conformations of rhamnopyranosides 9 and 10, as determined 
crystallographically, are shown to exhibit very considerable distortion from the chair toward the 
oH5 half-chair.  This affords support to our earlier hypothesis in which the high α-selectivity of 
the 2,3-O-carbonate protected manno- and rhamnopyranosides 7 and 8 is a function of the donor 
conformation in which much of the energetic penalty normally incurred on going from the chair 
form donor to the sofa form oxacarbenium was already been paid. 
 
 
Supplementary Information 
 
X-Ray crystallographic CIF files have been deposited with the Cambridge Crystallographic 
Database. 
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