JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

A Palladium-Catalyzed Glycosylation Reaction: The de
Novo Synthesis of Natural and Unnatural Glycosides
Ravula Satheesh Babu, and George A. O'Doherty

J. Am. Chem. Soc., 2003, 125 (41), 12406-12407+ DOI: 10.1021/ja037097k * Publication Date (Web): 23 September 2003
Downloaded from http://pubs.acs.org on March 29, 2009

Cbz. . OH
(0] HO. ~ OH
= "
a 2) NaBH,4 .
t-BuO [Oe} | O OH 3) 0S04/NMO Cbz o” O |
OTBS CO,CHs OTBS
R =HorCH, L-manno-glycoside

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 5 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja037097k

JIAIC[S

COMMUNICATIONS

Published on Web 09/23/2003

A Palladium-Catalyzed Glycosylation Reaction: The de Novo Synthesis of
Natural and Unnatural Glycosides

Ravula Satheesh Babu and George A. O’Doherty*
Department of Chemistry, West Virginia Waisity, Morgantown, West Virginia 26506

Received July 6, 2003; E-mail: george.odoherty@mail.wvu.edu

In an effort to improve upon the seminal work of Sharpless and Scheme 2

Masamunéin their use of asymmetric catalysis for the enantiose- 0 A0 0 ®

lective synthesis of the hexoses, we developed an alternative de  J|_ IT Nu . LoPd. 20
novo approach to various hexo$eSur approach relied upon the 07707 ™ Thagmen, NUT 0T (T
use of the Achmatowicz reaction in conjunction with the catalytic &, R=Ph OTBS s 7 OTBS | 4O o R
asymmetric synthesis of furan alcohéfsTo further improve the 6c, R = Ot-Bu

scope of our approach, we desired to develop a route that would . . i
use diastereoselective catalysis to control coupling at the anomericPTeSumably more electrophilic Pdallyl intermediates from the

i — 11
center and in turn allow for the de novo preparation of oligosac- correspondm_g pyranondia—c (Scheme 2): .
charides. To our delight, success was achieved for alcohol nucleophiles

For this de novo synthesis of natural and unnatural oligosac- When using the more oxidized pyrafia and6b with benzoat®

charides, we were interested in investigating the use of palladium- O Pivaloate leaving grougs.Our final reaction optimization

catalyzed allylation reactiorfsin contrast to typical glycosylation  involved changing the C-1 leaving group téeat-butyl carbonate,
reactions, Pdr-allyl reactions customarily proceed with excellent

which in general lead to significantly faster and cleaner reactions
stereocontrol. In addition to being a catalytic reaction, the reaction (66 Scheme 3)?For instance, when the pyranoBex. was treated

has the added advantage that it can be accomplished under quitdVith @ slight excess of alcohol (1.2 equiv) in the presence of

mild conditions without the stoichiometric use of strong Lewis acid catalytic amounts of PébalCHCl; and PPh (~1:1 ratio),
promoters. pyranones with am-alkoxy group1Oo were formed in excellent

Herein we describe our discovery of a palladium(0)-catalyzed Yi€lds (Table 1). Similarly, thef-pyranone6qj reacted under
reaction that selectively converts 2-substituteg-butoxycarboxy- |denﬂcal conditions to afford pyranones withfaalkoxy group
2H-pyran-3(6H)-ones into 2-substituted 6-alkoxy-2H-pyran-3(6H)- 108. o : L
ones. Recently, Feringa reported a similar palladium-catalyzed trans-_ 1 "€ réaction is very general in terms of alcohol steric hindrance.
formation3® Finally we demonstrate that the 2-alkoxy-substituted FO" instance, both methanol anguOH couple to form either of

pyranone products can be transformed into typical pyranohexosesthe desired- Qrﬁ'C_'l acetal in excellent yields (Table 1). There
by a simple reduction/oxidation sequence. seems to be little difference between tieor S-substratesgoo

We initially tried to generate a diastereomeric Beallyl S §cﬁ) in term_s of reaction time or yiel®. The reaction occurs
intermediate of from the triacetoxy glucal but were unsuccessful ~ 'apidly (<30 min) at temperatures from*C to room temperature
at ionizing the C-3 equatorial acetate under typical /Réllyl- and in solvents, such asBt, THF, and CHCI,. The reaction can
forming conditions (Scheme I)We next investigated pyrarga be catalyzed \_Nlth various sources of palladium(0); howevej_-, Pd
and3b in the reaction hopeful that an axial leaving group at the (dPak*CHCl is our preferred Pd(0) precursor. A palladium/
C-1 position would be more conducive for Reallyl formation. phosphine ratio of 1:2.5 appears to be ideal with the effective
We had previously prepared pyraBa and3b in various stereoi-  catalyst (Pd(PPj) loading in the range of 0:55 mol %, which

) . . . . i i i 16
someric forms via asymmetric catalysis and thus decided to use Consistently yields products in the range ofF-85%:® )
them for our investigatio? Fortuitously, moving the leaving group The coupling reaction works equally well for various chiral al-

to C-1 proved to be the solution for generating both diastereomeric cohols, such as: menth@e(Table 1), the three amino aci@s—j
Pd z-allyl intermediates from either C-1 axial or equatorial (1aPle 2), and the three-sugarsok—m (Table 2). In all of these

carboxylates. Evidence for this ionization can be seen when the cases no diastereomers were observed when optically pure enones

7
Pd intermediates are reacted with the traditional Rallyl were useq. . . .
nucleophiles (i.e. various anions of malonates and phenols) products  Possible explanation for the improved reactivity of the

are formed with net retention of stereochemisfryinfortunately, pyranones withtert-butoxycarboxy leaving groups is that the
in our hands the same Rdallyl intermediates did not react with reaction does not generate a carboxylic acid as the reaction proceeds;

the simplest of alcohols. Thus, we decided to try to generate the NStéad, -BUOH and CQ are generatetf. Evidence for this
decarboxylation reaction can be seen when more hindered alcohols

Schi 1
cheme Scheme 3
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Table 1
alcohol acetal yield of yield of yield® of
entry 9a-g 10a-g 10a (%) 105 (%) 104 (%)
1v CHsOH 10a 87 85 0
2 BnOH 10b 89 85 0
3 PhOH 10c 85 76 2
4 CyOH 10d 88 80 2
5 menthol 10e 82 72 12
6 t-BuOH 10f 78 75 NA
7d adamantol 10g 54 52 34

a Typical reaction conditions were performed with a 1:1.2 rati6ofo
9 at room temperature and in a 0.5 M &, solution.? This reaction was
run in a 0.5 M THF solution®¢ The reactions witl6c3 were more prone to
t-BuOH glycosylationd The byproductd Ofa is also formed (34%) when
6ca is reacted with adamantol.

Table 2
CO,CH o
213 H OH
Ho/\hll/ CHS)\rCOZCHa Y
Cbz" "H cbz Cbz  CO,CHy
9h 9i 9j
serine threoine tyros|ne
R><o
" o o o 0._..OCH; g O ..OAllyl
Lo ., v ~TFA
HO” ™, ’T’R Ph™ kO‘ ‘OH o N
ok (¢} & OH OH H
R,R = (CHp)s ol om
alcohol glycoside yield of yield of yield of
9h-n 10h-n 100t (%) 108 (%) 1015 (%)
1 9h 10h 87 85 1
2 9i 10i 90 84 2
3 9j 10j 90 86 0
4 9k 10k 82 79 0
50 9l 10l 82 79 0
6 9Im 10m 85 83 0

aTypical reaction conditions were performed with a 2:1 ratiéofo 9
at room temperature and in a 0.5 M &H, solution.? Productsl0l were
isolated as a 2:1 (C2:C3) mixture of monoglycosides.

are used as nucelophiles. When the tertiary alcohol adamantol was

used, a significant amount of thert-butyl acetal byproduciOf
was formed (34% in both the andg case). This result is consistent
with the formation of the less reactivtert-butyl alcohol as the
reaction proceeds. This problem could easily be solved in terms of
glycosylation yield by adding additional enoeo. or 6¢3 (see
Table 2), or by switching to the pyranones with the less reative
pivaloate leaving group6po. or 6bp3).1°

The glycoside products can easily be converted into either

In summary, we have developed a practical palladium catalyzed
glycosylation reaction. This three-step protocol allows for the
incorporation of eithep- or L-mannepyranose on to an assortment
of alcohols with excellent stereocontrol. We believe this route is
amenable to multigram-scale preparation of various natural and
unnatural glycosides and are currently investigating this approach
for the preparation of unnatural oligosaccharides. We feel this new
efficient route to unnatural glycosides will be very beneficial for
the synthesis of natural and unnatural oligosaccharides.
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Table 3
enone yield of yield of enone yield of yield of
6o 11a (%) 1200 (%) 6a 110 (%) 1200 (%)
1 a 84 72 4 h 87 78
2 b 90 84 5 i 91 73
3 g 78 83 6 k 96 89

Pd-z-allyls, see: Trost, B. M.; VanVranken, D. Chem. Re. 1996 96,
395-422.

(11) It should be noted that we have prepared both antipodés-af and are
only presenting the enantiomer that leads tsugars in this report.

(12) Feringa has shown one example of coupling with the 6-substituted
pyranone6a using a Pd(OAg)POPHh catalyst system.

(13) Typical reaction times foBa/6b were 8-10 h versus 0.5 h foBc under
identical conditions.

(14) The reaction is both highly steroselective and stereospecific, that is to
say, the pyranone with am-tert-butoxycarboxy group reacts to give only
pyranones withu-alkoxy groups and pyranones withBaert-butoxycar-
boxy groups react to give only pyranones wialkoxy groups, which is
consistant with ar-allyl palladium intermediate.

(15) A significant difference between tle andS-glycosylation reactions is
that the reactions wit}#-pyranone6¢s produce a small amount oért-
butyl acetal byproductOf$ (Table 1).

(16) Higher yields are observed when greater than 1.2 equiv of alcohol is used.
While the yield of adamantol glycoside appears to be less than 70%, this
is due to the competitive formation of thert-butyl glycoside10f. Thus,
the total yield of glycosylated products is in excess of 80%.

(17) In contrast, Feringa observed some loss of stereospecifieityQ@) with
unsubstituted pyranones.

(18) Alternatively the ionization step could be rate limiting. It is known that
carbonates are better leaving groupsrtiallyl Pd reactions, see ref 10.

(19) Thus, exposing pyranoio. to 1.2 equiv of adamantol and 5% catalyst
proceed to give produdtOgo in a 76% yield.

JA037097K

J. AM. CHEM. SOC. = VOL. 125, NO. 41, 2003 12407



