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The reaction of a-trichloroa~timidate la with dibenzyl phosphate afforded without addition of 

any acid catalyst exclusively the &glycosyl phosphate 2j3 (Scheme 112-4. 
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Correspondingly, from j3+richloroacetimidate lp and dibenzyl phosphate the a-glycosyl phos- 

phate 2a was obtained23. Under acid conditions the @utomer can be readily converted into the ther- 

modynamically more stable a-anomer 2~93. From this finding it was deduced that structurally related 

A=EC-H systems should exhibit a corresponding diastereoselectivity (Scheme 2, routeo. 
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MM2 and MNDO CALCULATIONS OF a - TRlCHLOROACETlMlOATE CONFORMERS 
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Indeed, this was observed for carboxylic acids*s, monoalkyl sulfate&, and the weakly acidic a- 

pyridone7, thus supporting transition states for the a- and 9_specificity, respectively, as indicated in 

Scheme 1, where protonation of the trichloroacetimidate nitrogen and concomitant oxygen attack at the 

anomeric center play an important role for the ease of the reaction and the high diastereocontrol. 
MM28 and MNDO calculations on the basic structure of the a-trichloroacetimidate exhibit ground 

state conformational preference for conformers A and B (Scheme 3).Their rapid interconversion favors 

the generation of the cyclic transition states as drawn in Scheme 19. The calculated dihedral angles in- 

dicate that this transition state consisting of eight atoms will be not planar. Presumably a chairlike 
transition state with two long bonds representing the O--C-O and N--H-O connections is adopted. 

If this bimolecular reaction course can be enforced on glycoside bond formation with alcohols as 

glycosyl acceptors, possibly mild reaction conditions and high diastereoselectivities are gained. 

However, as indicated in Scheme 2 (route @I, generation of an intermediate A-EC-H (or A-B=C-II) 
system is required. Thus, a catalyst B=C (or B=C) has to be found (i) which binds the glycosyl acceptor 

A-H (corresponding to the alcohol) to form the A-B-C-H adduct, (ii) which then displays the acidity 

required for the proton transfer to the trichloroacetimidate nitrogen, and (iii) exhibits glycosyl acceptor 

property at center A leading to reversible and rapid regeneration of the catalyst. 
For the catalyst B=C our attention turned to carbonyl compounds known to favor adduct forma- 

tion. Thus, experiments with anhydrous hexafluoroacetone and la were undertaken7. However, they 

failed presumably due to irreversible adduct formation. Surprisingly, not even the trichloroacetimidate 

la was affected. Therefore, we turned to cyclopentanone, which is only slightly activated for alcohol 

addition due to relieve of ring strain. Obviously, catalysis of la reaction with cyclohexanol and gluco- 

side 6, respectively, in refluxing toluene is observed (Table 1, entries 1 and 2). 
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1: Reaction of j= with different alcohol acceptors in presence of catalyst B=C 

B=C (eq. 1” Acceptor A-H Reaction Conditions Products 

(1.5 eq1a Solvent Temp. PC] Time [h] :ompound Yleld[%lb 8:o-Ratio 

Do (1 .O) cyclohexanol 

II 

CCl3-CHO (1 .O) 
” (1.0) 
. 

(0.3) 

I 
(0.1) 

I 
(1 .O) 

l 
(1.0) 

” (1.0) 

” 11.0) 

Toluene 110 12 2 59 1:l 

Toluene 110 8 & 11 1:l 

Toluene 110 7 1 19 1:l 

Toluena 110 0 L 72 1:l 

CHJCN 80 5 1. 89 2:l 

CI13CN 00 3 

* RT 2 

” RT 1 

I RT 10 

I - 10 3 

” - 20 3 

. - 40 18 

. RT 6 

+ 91 3:l 

L 91 5:l 

1 91 I:1 

?. 76 6:l 

i 83 14:l 

t 04 >19: 1 

& 79 only 0 

5. 79 7:l 

a Related to 1 equivalent of donor & 

b Isolated product 
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However, better results were obtained for the more activated cyclobutanone (entries 3-51, provi- 
ding the glycosides 312 and 413 in very good yields and, in refluxlng acetonitrile as solvent, even the ex- 

pected 8-product in 21 excess. The low diastereoselectivity could be due either to uncontrolled reaction 

of the A-EC-H adduct at higher temperature or to an alternative reaction course in which reaction of 
the trichloroacetimidate la with the carbonyl compound takes place first, then resulting in uncontrol- 

led glycosyl transfer. 

Obviously, a better catalyst was required. Thus far, chloral seems to fulfill the demands outlined 

above quite nicely (Table 1, entries 6-13). The temperature, solvent, and catalyst concentration effects 

concerning reaction rate, yield, and dlastereoselectivity are quite dramatic. Thus, from the primary al- 

cohol acceptor 6 the /3-connected disaccharide 4$ can be obtained in acetonitrile at lower temperatures 

in a clean and highly diastereoselective reaction. Also disaccharide 710, having a secondary alcohol ac- 

ceptor group, provides the 8-connected trisaccharide 5814 in high yield (entry 13). The fact that chloral 

does not affect the glycosyl donor la in the absence of the acceptor and that trichloroacetamide-chloral 

adducts are not observed in these reactions, is support for the envisaged reaction course which could 

have bearing also for the borontrifluoride catalyzed reactions3 and for the enzymatic glycosyl transfer 

with nucleoside mono- and diphosphate leaving groupsll. 
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