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Abstract: The discussion of the ease of generating glycosyl donor properties in the important sugar categorics
(aldosos, ketoses, deoxy sugars, sugar uronates, and 3-deoxy-2-glyculosonates) implies that phosphites of ketoses and
deoxy sugars, respectively, should be valuable donors. This is exhibited for fructofuranosyl phosphite 2 and for 2-
deoxyhexopyranosyl phosphites 14a,b which are readily available and generally provide disaccharides in high yields.

The glycosyl donor properties of sugars differ quite extensively with the functional groups pmsentatmepymﬁosyl
or furanosyl moiety23, For instance, for the most frequently occurring sugars, having identical leaving groups at the
anomeric center and the same promoter system, the ease of gencrating glycosyl donor properties increases generally in the
following order:

Sugar uronates (I) < aldoses (I) < deoxy sugars (III) < ketoses (IV) £ 3-deoxy-2-glyculosonates (V)

Obviously, depending on relative configurations of functional groups, deoxy positions, and type of functional groups
quite dramatic variations in the glycosyl donor properties are observed which lead to an overlap in these reactivity
categories,

For the glycosyl donors requiring the highest activation (categories I, II, III) O-glycosyl trichloroacetimidates were
shown by us and others to be very efficient?4. However, for sugars of categories IV and V the generation of
trichloroacetimidates was less successful> and some trichloroacetimidates of 2-deoxy sugars (category III) proved to be
less stableZ:6, Therefore, for these sugar types a simple leaving group providing the same advantageous properties as the
trichloroacetimidate moiety was desired, i.e. (i) convenient synthesis, (ii) stability of the activated intermediate, and (iii)
release of the glycosylating species with catalytic amounts of a promoter.

For N-acetylneuraminic acid (category V) we could demonstrate that phosphites exhibit the required sialyl donor
properties3; the readily available sialyl phosphites can be activated by catalytic amounts of TMSOTY, thus furnishing
ganglioside derivatives in good-yieldsS, as also confirmed by other researchers’. Therefore, phosphite moieties could also
act as efficient leaving groups with other sugar categories, as for instance ketoses (IV) and deoxy sugarg (III); but they are
expectedly not as effective with aldoses (If) and especially O-acyl protected derivatives3-39. The lower reactivity of
aldohexopyranosyl phosphites and of corresponding uronates has been recently demonstrated by independent studieg®.11,
which exhibit the requirement of high acid concentrations for activation, thereby lowering yields and/or diastereomeric
control, if neighboring group assistance by acyl groups is not available. Because O-benzyl protected fucosyl phosphites
(category III) exhibited under inverse procedure2 conditions excellent glycosyl donor properties!3, it was of interest to
investigate 2-deoxy sugars and ketoses for further evaluating the scope of glycosyl phosphites as glycosyl donors.
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The widespread occurrence of fructofuranosides in nature is a great stimulus to arrive at highly stereoselective and
high yielding glycoside bond formation, which still can be regarded as a difficult problem!415, Only for not directly
accessible thicorthoesters as glycosyl donors and reactive acceptors selective o-furanoside formation in good yields was
reported?S, For the investigation of fructofuranosyl phosphites as donors, readily available 1,3,4,6-tetra-O-benzoyl-
fructose 116 (Scheme 1) was reacted with diethyl phosphorochloridite as phosphitylating agent in the presence of Hiinig's
base to afford phosphite 2 in high yield. The structural assignment of the o/B-anomers could be based on 'H-NMR and
13C.NMR data!” and their comparison with related compounds!3. Reaction of 2 with 6-O-unprotected glucose derivative
319 as acceptor afforded in acetonitrile as solvent and TMSOTY as catalyst at -40°C exclusively the a-disaccharide 4al?
in practically quantitative yield. A similar result was obtained in ether as solvent at room temperature.
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Reaction of 2 with less reactive acceptors having secondary hydroxy groups led to interesting results. 1-O-
Unprotected §20 afforded in Et,0/CH,Cl, as solvents and TMSOTY as catalyst at -40°C preferentially the expected "o~
sucrose” derivative 6aal’” and some "B,a-sucrose” 6pal?; the o/B-ratio at the glucose moiety essentially displays the
anomer ratio in acceptor 5. However, with Sn{OTf), as catalyst at room temperature the 6aa/6fa ratio is due to fast
anomerization essentially reversed, thus reflecting the higher reactivity of the equatorial hydroxy group22l,
Hydrogenolytic O-debenzylation of both compounds, subsequent debenzoylation (MeOH/H,0, NEt,) and O-acetylation
(Ac,0, pyridine) fumished known O-acetyl derivatives Tac and 7Ba, respectively!4-22, An especially interesting case
proved to be fructofuranogylation of lactose in 3b-O-position (Scheme 2): with 8382 ag acceptor in ether at -40°C and
TMSOTYE as catalyst only the a-connected derivative 10ac!7 was obtained, though in low yield; with 3b,4b-O-unprotected
8b2 the yield was increased and a 1:1 mixture of 10ba!7 and 10bB was isolated; with 2b,3b,db-O-unprotected 8c8 only
the B-connected derivative 10cf was obtained in very high yield, thus reminding of ketosylation with sialyl donors where
similar observations regarding protection and at least yield are made’. The atiachment of the fructofuranosyl moiety at
3b-O was confirmed by the lH-NMR data of 11bB17 and 11cp!7 obtained from 10bf and 10c by O-acetylation. Reaction
of 2 with 4-O-unprotected acceptor 925 gave under the same conditions again exclusively B-connected 12. Similar
observations were made for other acceptors with secondary hydroxy groups®. Thus, in general for less accessible
secondary hydroxy groups a preference for B-selection and for more accessible hydroxy groups an a-preference,
respectively, is observed which cannot be fully explained.
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The presence of 2-deoxy-glycopyranoside moieties in various natural products has already led to different
approaches for selective glycoside bond formations?6. Reaction of O-acetyl protected glucose and galactose 13a,b27 with
bis(trichloroethyl) phosphorochloridite in the presence of Hiinig's base afforded the corresponding phosphites 14a.b17 in
practically quantitative yield as o/B-mixtures. Reaction of 14b with 6-O-unprotected acceptor 15 19 in dichloromethane/n-
hexane at room temperature in the presence of BF3-OEty, as catalyst afforded preferentially known a-disaccharide 18ba28
(ou:B-ratio, 8:1) in good yield. Similarly, 14a gave with 4-O-unprotected silyl 2-deoxy-glucopyranoside 1617 as less
reactive acceptor (presence of benzoyl groups in 3- and 6-position) disaccharides 19a (c:ff = 3:2)17; the lower yield is due
to partial loss of the silyl group under the reaction conditions. Increase in yield was accomplished by applying the inverse
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procedurei2 and changing the reaction conditions; thus from 14a and 1725 as acceptor in the presence of Sn(OTf), as
catalyst disaccharide 20a (o:B-ratio = 3:1)17 was obtained in practically quantitative yield.

In conclusion, not only phosphites of 3-deoxy-2-glyculosonates but also phosphites of normal ketoses and of 2-de-
oxy glycoses exhibit very good glycosyl donor properties. Thus the phosphite method ideally complements the
trichloroacetimidate method? in the higher reactivity range.
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