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Abstract : A new synthetic method providing both enantiomers by heteroconjugate addition 
strategy is described for stereocontrolled synthesis of opticaUy active compounds from sugar 
chirons. Preparation includes introduction of phenylthioacetylene, acidic epimerization via 
dicobalthexacarbonyl complex, hydrosilylation and oxidation. Addition of  carbon 
nucleophiles to the heteroolefins extended at the C-1 position yielded the product with high 
stereoselectivity. Mode of addition was switchable via a- or ,&chelation control 

In the asymmetric organic synthesis directed toward optically active molecules, sugar chirons have long 

time been used as the starting materials. We have already established a method extending a carbon-carbon 

bond away from the pyranose ring with high stereoselectivity, and reported several examples along this line in 

the total syntheses of natural products.] Since most of the sugar chirons are available in D-form, a method 

that can converted those chirons to both enantiomers, is necessary. We became interested in developing a 

new method expanding utility of sugar chirons along this line. 
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The heteroconjugate addition strategy 2 based on glucose derivative has been designed to place the 

electron-deficient olefin conjugated to hetero-atom groups at the C-5 position of carbohydrate (Fig 1, upper 

column). A new method, which could develop above concept, may be realized in the similar system by 

placing the olefin at the C-1 position (Fig. 1 lower column). The enantiomeric relationship around 

nucleophile and the neighboring is shown in eq. 1, although some portion in the carbohydrate skeleton is not 

identical (R ~e R'). The authors propose it to be pseudoenantiomeric. 3 
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Fig. 1 illustrates the mode of the conjugate addition to the heteroolefin at the C-5 (3) and at the C- 1 (6) 

position. Original addition to 3 was controlled by the a-oxygen atom through the chelation with lithium 

alkyls or by the 13-alkoxide with Grignard reagents. The former (u-chelation control) gave, in fact, 1,2-syn- 

adduct 4, while the latter (l~-chelation) gave the 1,2-anti-adduct 5. When the corresponding electrophile 6 

(having the electron-deficient olefin at the C- 1 position) could be prepared, a very similar situation would be 

realized as expected in Fig. 1 (lower column). Thus, the co-chelation control will happen from the rear face 

(dotted line) and the 13-chelation will occur on the front face with the C-2 equatorial hydroxy group to afford 7 

and 8, (pseudoenantiomeric to 4 and 5), respectively. 4 

Synthesis of this electrophile at the C-I position was initiated by C-glycosidation with 

phenylthio(trimethylsilyl)acetylene to a sugar derivative 10, which was derived from tri-O-acetyl-D-glucal 9. 5 

The stereochemistry of phenylthioacetylenic group in 11 was exclusively introduced in pure alpha, and the 

acetylenic group was epimerized through cobalthexacarbonyl complexes (12, 13) into 13 isomer 14 under an 

equilibrium condition using TfOH in dichloromethane as solvent, the cx:~ ratio being 1:14. 6 The acetylenic 

moiety was regioselectively hydrosilylated to the olefin 15 with triethylsilane in the presence of 0.5 mol % of 

platinum catalyst. 7 Other functional groups were manipulated to give the heteroolefin 16 (J1,2~# = 11, 2.5 

Hz, J l .v= 8 Hz) as summarized in Scheme 1. 
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a) i-PrOH, BF3.OEt2; b) H, Pd-C (97%); c) Me3Si-C--C-SPh, BF3"OEt2; d) Co2(CO)8 (91%); c) 
CF3SO3H (83%); f) I2 (94%); g) Et3SiH, Na2PtC16"6H20, 90 °C (74%); h) CH3ONa (99%); i) 
MCPBA (95%); j) PhCH(OMe)2/CSA (92%); k) Nu-Li (MeLi 86%; Li-C-=C-SiMe3 90%) then KF. 

Two kinds of nucleophiles (MeLioLiBr and Li-C---C-SiMe3) were added to 16 as example to give 

products 17a and 17h with high stereoselectivity, respectively. Syn-stereochemistry of the methyl adduct 

17a was assigned on basis of the chemical shift of 13C nmr (8 14.6) of the methyl group, which in fact added 

through the co-chelation. 8 The stereochemistry of the acetylene adduct 17b was assumed to be syn dominant 

(94:6) from this mechanistic view point. 
H 

Ph MeLi Ph O~t"k H 1) 94:6 
100:<1 LiBr O ~ / s i E t 3  M%Si = Li Ph 

H SO2m ~ F  NO, ~ S%Ph 2~F SO# ~h 
1 7 a 16 17b 

Another electrophile 22 was similarly prepared from 2-acetoxy glucal derivative (18) through steps 

involving C-glycosidation, hydride reduction and protection of the resulting hydroxy group (19), acid 

epimerization (20) via dicobalthexacarbonyl complex (19a, (x:13 = 1:7; separated), hydrosilylation etc. to give 
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22a ([~]o -18.9 °) with free hydroxy group and 22b ([~X]D -122.4 °) with trimethylsilyl-protection at the C-2 

position. Orientation of these electrophilic moieties was equatorial and the coupling constants were J1.1' = 9 

Hz with 22a,b as shown. Conjugate addition of MeMgBr to 22a in THF at room temp followed by treatment 
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l) NaBH4, CeCI3; m) TBDPSCI, imidazole, DMF; n) n-BuN4F; o) TMSC1, Et3N, THF. 
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Fig. 3 A 135 ° 70.5 kcal 

with KF gave 23a (R= H; [O~]D 
-51.3 °) as anti  isomer {CH3, 6 

1.16 (d, J=  7 Hz); ~5 18.7 of the 

methyl signal}. On the other 

hand, MeLioLiBr was added to 

22b (R= SiMe3) in a mixture of 

hexane and ether at -20°C 

afforded syn isomer 23b ([tx]o 

-69.4 ° ) as dominant  product 

{CH3, 6 1.05 (d, J=  7 Hz); 13.6 

ppm}. Simple switching of syn- 

anti selectivity was noteworthy by 

protection or non-protection of 

the 2-hydroxy group of 22. 
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Fig. 4 B 270 ° 72.3 kcal 

Addition of lithium trimethylsilylacetylide to 22a at 0 °C in a mixture of hexane and ether provided 
syn adduct 23c (-=-H, ~5 2.09, d, J = 2.5 Hz, [tX]D :45.7°), while 22b (R= SiMe3) afforded anti isomer 23d 

(---H, ;5 1.99, d, J = 2.5 Hz, [~]D -31.6°). Assignment of the stereochemistry of the products was based on 
the previous studies on pseudoenantiomeric cases. 4 
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Mode of above heteroconjugate addition depended on two factors of the preferential conformation 

and of the strong metal chelation as postulated earlier. 2 The conformation of the transition state would be 

similar to that of the grand state. Potential energy was calculated with two rotamers of the sulfone of 24a,b 

by minimizing each conformer generated in every 5 ° around the dihedral angle of the C2-C1-C1.=C2, and 

plotted in clockwise (Fig. 2). Global minimum conformation in Fig. 2 is drawn as A in Fig. 3, which has the 

angle of 135 ° and fits with the observed nmr data (Jl.l '= 8-9 Hz). Fig. 4 is the local minimum of another 

rotamer B (Fig. 2), which would not reduce the selectivity because of very little contribution due to higher 

energy difference (1.8 kcal/mol) from A. These calculations 9 ascertained the selectivity of heteroconjugate 

addition depending on the population of the ground state conformation of the electrophile. 

The current methodology provided switching the syn-anti selectivity in the new preparation involving 

C-glycosidation and epimerization. Application of this method for synthesis of natural products is now in 

progress. 
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