ORGANIC
LETTERS

Stereocontrolled Glycoside and Glycosyl ol ot
Ester Synthesis. Neighboring Group 1613-1615
Participation and Hydrogenolysis of

3-(2'-Benzyloxyphenyl)-3,3-dimethylpropanoates

David Crich* and Feng Cai

Department of Chemistry, Usrsity of Illinois at Chicago, 845 West Taylor Street,
Chicago, lllinois 60607-7061

dcrich@uic.edu

Received February 21, 2007

ABSTRACT
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The 2-0-[3-(2'-benzyloxyphenyl)-3,3-dimethylpropanoate] and 2-  O-[3-(2'-benzyloxy-4 ',6'-dimethylphenyl)-3,3-dimethylpropanoate] esters enable
the synthesis of a range of f-glucosides and a-mannosides through neighboring participation in excellent yield, and are removed by
hydrogenolysis in concert with the cleavage of benzyl esters in the presence of other esters making them particularly well suited to the
stereocontrolled synthesis of glycosyl esters.

The science of stereocontrolled oligosaccharide synthesis haselated ester-type protecting groups, affording full stereo-
advanced to a level at which targets of considerable control through classical neighboring group participation
complexity may be undertaken with confiderigegermitting under standard glycosylation conditions, which are cleaved
the development of actual therapeutic agéras,well as of by hydrogenolysis in concert with the removal of benzyl
clinical candidate$,and even detection kits for biological ethers. Following earlier work from our laboratory on the
warfare agent$With the potential for significant biomedical  use of picolinyl esters in oligosaccharide synthésis 20-
applications, efficiency becomes increasingly important, and picolinyl ethers have recently been introduced with similar
one approach to this problem is through the development of aims in mindé however, the low reactivity of the intermediate
minimalist protecting group strategies. We describe two glycosyl pyridinium results in long reaction times and

severely compromises the otherwise armed nature of these
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saponification. The typical strategy involves unmasking of ||| || RN R

a latent nucleophile, which subsequently closes onto the ester o 1 Glycosylation of Alcohol3

carbonyl group with expulsion of the alcohol. A wide range

of alcohol and amine deprotection methods have been

adapted to this entimost classically the release of levulinate
esters with hydroxylamine or hydrazifeNevertheless,
hydrogenolysis is largely missing from this list, with the
exception of the 2-[2-(benzyloxy)ethyllbenzoate esters for
which base catalysis continued to be necessary for lacton-
ization1©

Preliminary studies with 4-benzyloxybutanoate esters and
their 3,3-dimethyl analogues revealed lactonization to be slow
with respect to hydrogenolysis of the benzyl ether, and that
the addition of base was necessary to promote cleavage, as
had been found with the 2-[2-(benzyloxy)ethyl]benzoafes.
The slow lactonization with these model systems led us to
adapt the 3-(2hydroxyphenyl)-3,3-dimethylpropanoate
and 3-(2-hydroxy-4,6'-dimethylphenyl)-3,3-dimethylpro-
panoate groups, for which very rapid cyclization of the
corresponding anilides had been demonstrated by Amsberry
and Borchardt! Perbenzylation of the hydroxy acids derived
from 1 and 2 followed by saponification gave the aci@s 5
and 4, which were introduced onto the 2-OH of otherwise
perbenzylated thioglycosides, by means of carbonyl diimi-
dazolide!? to give the glycosyl donor§—7 in good yield
(Scheme 1).
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With 1-adamantanol and 2-propanol as model acceptors, !1
various thioglycoside activation protocols were assayed for
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aTMBPP: tetramethylbenzyloxyphenylpropionate. DMBPP: dimethyl-
benzyloxyphenylpropionaté.1.5 equiv of acceptor, 1 equiv of NIS, 0.3
equiv of TfOH in CHCl, at—40°C. ¢ 20% Pd/C and 3 atm of Hn MeOH/
EtOAc at room temperaturé The hydrogenolysis was carried out with 20%
Pd(OH) as catalyst.
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couplings to donor&—7, with the NIS/trifluoromethane-
sulfonic acid protocdf proving optimal. In all model
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reactions excellent coupling yields were matched by the
observation of complete selectivity for the formation of the 1,4 2. Glycosylation ofy
1,24ransglycosides (Table 1, entries—#). Standard hy-

-Glutamaté

drogenolysis in methanol/ethyl acetate over palladium/ coupling (yield)’ hydrogenolysis (yield)*

charcoal then afforded the fully deprotected systems. Im- BnO—, OTMBPP HO— OH

portantly, hydrogenolysis was found to be slower than Bé‘,%&% H,§ 2B H.%ﬁ&' H 2

lactonization, such that no trace of esterified products was NHBoc NHBoc

detected in these deprotections. Encouraged by these results S S

we proceeded to carry out a further series of coupling | 29, 74% 30, 81%

reactions to typical carbohydrate acceptors (Table 1, entries BnO HO

5-12). Bgi%&o oo HH%‘&O oo
Glycosylation reactions proceeded satisfactorily in almost RO OH

all cases except for the attempted coupling of the somewhat H H

hindered, less reactive acceptors methyl 3,4,®thenzyl- BocHN” “CO,t-Bu BocHN” “CO,£Bu

o-D-mannopyranoside and methyl 2,3,6®@ibenzyla-p- 2 31, R =TMBPP, 75% 32, 79% from 31

glucopyranoside with donob when poor yields were 3 33, R = DMBPP, 86%" 32, 81% from 33

repeatedly obtained (Table 1, entries 7 and 10). Fortunately, aTMBPP: tetramethylbenzyloxyphenylpropionate. DMBPP: dimethyl-

this situation was remedied by recourse to the less hinderethenzyloxyphenylpropionaté.1.5 equiv of acceptor, 1 equiv of NIS, 0.3
donor6 (Table 1, entries 8 and 11). equiv of TFOH in CHCl, at—40°C. ¢ 20% Pd/C and 3 atm of Hn MeOH/
o - . EtOAc at room temperature.
It is interesting to note that when greater than 1 equiv of

NIS is employed in the activation process the electron-rich
TMBPP and DMBPP groups undergo iodination in the pqroqen iodide, formed during the hydrogenolysis of
aromatic ring. This produces a series of glycosylated joinated byproducts present as minor impurities as alluded
byproducts of polarity very similar to that of the anticipated 4 apove, catalyzes the lactonzation step to be discounted.
products. These iodinated byproducts are formed with the s is pecause such catalytic quantities of HI would also
same stereoselectivity as the iodine-free products and arg,g expected to cleave Boc groups dad-butyl esters and

not detrimental to the overall process as they are similarly (oquce the yield overall, contrary to the experimental
cleaved by hydrogenolysis under the standard conditions. gpservations.

We also directed our attention to the stereocontrolled Qverall, a method is presented for the stereocontrolled
synthesis of glycosyl esters with particular emphasis on the synthesis of glycosidic bonds through neighboring group
y-glutamates, owing to the recent identification of an unusual participation, and for the removal of the participating ester
p-1,3-glucan-glutamate ester moiety in the fungal cell wall groups by hydrogenolysis alongside benzyl ethers. Notably,
Pir protein fromSaccharomyces cerisiae!* Gratifyingly, the deprotection takes place in a single reaction step, in the
NIS-mediated glycosylation was again high yielding and fully complete absence of acid or base, and is tolerant of other
stereoselective. Hydrogenolysis of the glycosyl esters alsoesters and in particular of glycosyl esters.
proceeded smoothly with no detectable cleavage or migration
of the glutamate esters (Table 2).

The results set out in Table 2 allow the possibility that
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