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Sugar-derived dienes undergo Diels  —Alder reactions with methyl  a-nitro acrylate and ethyl ~ S-nitro acrylate to form the corresponding cycloadducts
which have been converted into conformationally constrained C-glycosyl o- and B-amino acids. Further, these  f-amino acids are converted
into sugar —carbamino sugar hybrid molecules.

Naturally occurringd- andN-glycoconjugates play key roles  properties ofC-glycosides to those of oxygen counterparts
as carriers of biological information at the cellular level, such have been reported.In drug design, rigidity plays an

as the adhesion of bacteria and viruses to cells and-cell important role for the binding of a glycopeptide (or)
cell communicatiort. Owing to their limited chemical and  peptidomimetic to the target protein receptors. Compounds
enzymatic stabilities, recent efforts have been focused onthat are too flexible may pay high entropic penalties on
the synthesis of unnatur@-glycosyl amino acids with the  binding such that the process becomes energetically unfavor-
amino acid side chains connected to the sugar unit via linkersable. Introducing annulation to the appropriate amino acid
such as triazole®.isoxazoleg2acetylenegS alkyl chains? residue is one of the ways to rigidify glycopeptideSven
phenyl ring?®fand spirolinkagé®e It is expected that these  though glycosyla-amino acids are fragments of several
may lead to chemically and metabolically more stable and natural product$the same is not generally true of glycosyl
rigid analogues with potential biological activities. Encourag- [-amino acids. Buts-peptides (non-natural oligomers of
ing results of very similar binding constants and biological S-amino acids) have been shown to fold into helices, sheets,
and turns, which are the main structural elements of proteins,
* To whom correspondence should be addressed. Fax: 0091-512-259and in some instances, it has been found that they possess

0007. i i i it i ;
T Dedicated to Prof. S. Chandrasekaran on the occasion of his 60th even higher biological activities than their paraﬂbeptldese.
birthday.
(1) (8) Wong, C-H.Acc. Chem. Resl999 32, 376. (b) Herzner, H.; (3) () Yang, G.; Frank, R. W.; Bittman, R.; Samadder, P.; Arthur, G.
Reipen, T.; Schultz, M.; Kunz, HChem. Re. 200Q 100, 4495. (c) Varki, Org. Lett 2001, 3, 197. (b) Cheng, X.; Khan, N.; Mootoo, D. Rl; Org.
A. Glycobiology1993 3, 97. Chem.200Q 65, 2544. (c) Tsuruta, O.; Yuasa, H.; Kurono, S.; Hashimoto,
(2) (a) Kuijpers, B. H. M.; Groothuys, S.; Keereweer, A. R.; Quaedflieg, H. Bioorg. Med. ChemlLett. 1999 9, 807. (d) Wang, J.; Ko\@ P.; Sinay
P. J. L. M,; Blaauw, R. H.; Delft, F. L. V.; Rutjes, F. P. J. Org. Lett P.; Glaudemans, C. P. @arbohydr. Res1998 308 191. (e) Wei, A.;
2004 6, 3123. (b) Dondoni, A.; Giovannini, P. P.; Massi, @rg. Lett Boy, K. M.; Kishi, Y. J. Am. Chem. S0d 995 117, 9432.
2004 6, 2929. (c) Lowary, T.; Meldal, M.; Helmboldt, A.; Vasella, A,; (4) Grotenbreg, G. M.; Tuin, A. W.; Witte, M. D.; Leeuwenburgh, M.
Bock, K.J. Org. Chem1998 63, 9657. (d) Dondoni, A.; Marra, AChem. A.; van Boom, J. H.; van der Marel, G. A.; Overkleeft, H. S.; Overhand,
Rev. 2000 100, 4395 and references therein. (e) Pearce, A. J.; Ramaya, S.; M. Synlett2004 904.
Thorn, S. N.; Bloomberg, G. B.; Walter, D. S.; GallagherJTOrg. Chem. (5) Burkhart, F.; Hoffmann, M.; Kessler, Angew. Chem., Int. Ed. Engl
1999 64, 5453. (f) Postema, M. H. D.; Piper, J. Drg. Lett 2003 5, 1997, 36, 1191 and references therein.
1721. (g) Koviach, J. L.; Chappell, M. D.; Halcomb, R.1.Org. Chem. (6) Cheng, R. P.; Gellman, S. H.; Degrado, WCRem. Re. 2001, 101,
2001, 66, 2318. 3219.

10.1021/01052190u CCC: $30.25  © 2005 American Chemical Society
Published on Web 11/04/2005



Also recently, certairC-glycosyl f-amino acids have been
shown to be a new class of antitubercular agéhtsaddition,
some cyclica-amino acid derivatives have been found to
be valuable enzyme inhibitdis® and serve as “chiral
auxiliaries” in asymmetric DielsAlder reactions$® On the
other hand, some cycliB-amino acids have a range of
structural and biological propert®sincluding antifungal
activity.®® In view of these important effects, we now report
new methods to prepare some cyakicandS-amino acids
fused to a sugar moiety via @-glycosidic linkage. These
molecules constitute another class of rigidifi€eglycosyl

o~ andf-amino acids.

worthy in view of the fact that cycloadditions of cyclopenta-
diene or Danishefsky diene tlead2to the corresponding
cycloadducts as 85:15 and 70:30 mixtures of diastereomers
in favor of theendonitro group. This is possibly due to the
presence ofi-substituents at C-3, C-4, and C-5 which block
the -face for highendonitro group selectivity. Reduction
of the double bond as well as that of the nitro group was
achieved with P&C under H atmosphere, followed by
acetylation of the free amine with pyridine-&2 to obtain
the fused bicyclicC-glycosyl a-amino acid4 as a single
stereoisomer in 53% yield. The moderate yield in the
hydrogenation step led us to use platinized Raney-NfT4

There are several notable contributions to the area of in place of Pd-C which gave théN-acetyla-amino este#d

carbohydrate annulation involving ring-closing metathesis
(especially by Jenkinsf, Robinson annulatiok, intra-
molecular aldol condensatidh,radical cyclizationt? and
Diels—Alder cycloadditions have also been used for carbo-
hydrate annulatio® Our approach to conformationally
constrained (annulated)-glycosyl a- and g-amino acids
would be based upon the Dietélder reaction of pyranose
dienes witha- and S-nitro acrylic esters. Accordingly, the
known pyranose dien&a'® (Scheme 1) was reacted with
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thein situ generated:-nitro methyl acrylate?®2to give the
regio- and stereoselectively controlled cycloaddict 80%
yield. The complete diastereoselectivity observed is note-
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in 92% yield as the sole product.

The stereoselectivity of the reduction of the hindered
double bond is consistent with similar reported observa-
tions!” and the overall stereochemistry was confirmed by
2D NMR experiments, particularly NOESY.

There was no NOE correlation between H-1 and H-2 in
4, andJ; > = 10.0 Hz revealed &rans diaxial relationship
between these hydrogens (and a consequential diequatorial
relationship between the C-substitutents at the ring junctions
in 4). Subsequent NOE correlations between H-2 and amide
proton (NH) and H-2 and H-4 protons further suggested a
cis relationship between them. Additionally, no NOE cor-
relations were observed between H-1 and this NH, or H-1
and the H-5/H-3 protons, suggesting that these protons were
all transrelated.

Under the same conditions, the dieridsand1c reacted
with 2 (Scheme 2) to give a separable mixture (82% yield)
of cycloadductss and6 in a 7:1 ratio. By way of contrast,
the stereoisomeric mixtur@ (77% yield, 7:1 ratio) was
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inseparable. Clearly, the absence of a substitutent at C-

appears to be responsible for the low stereoselectivity Scheme 4
observed. Compounds and 6 were separated chromato- o 1. Dry toluene, rt, 12-24h
graphically and carried separately through the sequence of BnO L . J/Noz oo o o
. . . . -£n ) L
- BnO
reactions as shown in Scheme-2. Single pot reduction of the n i Et0,C 3. Boc,0, EN, DVAP,

nitro group and olefinic bond in compourwith Raney (overnight), 73%

. . . 1a-d
Ni followed by acetylation gave the-linked C-glycosyl _ °
. . . R: OBn (or) H
o-amino esteB (87%) and thes-linked c-glycosyla-amino
ester9 (83%) respectively whose NOESY speétfavere o H 3 e et 0504 NMO, , oveight,
in accord with the stereochemical assignments made. BnO 7
. . . . Acetone: H,0: t-BuOH
Likewise, the inseparable nitro esiewas converted under BnO (0.5:0.5:0.2)
the same conditions to the correspondiiiglycosyla-amino 1? . 95%
a-

esterslOand11in 73% and 10% yield, respectively, which
were readily separable by chromatography. Structures of
these compounds were again assigned on the basis of
NOESY and'H NMR data®2

Diels—Alder reaction of glucal derived dier&i*> (Scheme
3) with a-nitro methyl acrylate under similar experimental

Scheme 3
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13, 52% 14, 15% The major isomer in each case was separated from the

inseparable mixture of minor diastereomers-1®%) by
SiO, column chromatography. Exposure of the unsaturated

conditions led to cycloaddudt? as an inseparable stereo- amino esterd5a—d to OsQ and NMO led to dihydroxyl-

isomeric mixture. However, hydrogenation &2 followed ation and the corresponding annula@dlycosyl 5-amino

by acetylation gave chromatographically separable majorester516a—d were obtained in goo.d yields. Structu.res of _
product3-C-glycoside 13 and minora-C-glycoside14 in these annulated products were assigned on the basis of their
529 and 15% vyield, respectively, whose structures were ‘H NMR and NOE datd®*

established based on théi NMR data and the NOESY In every case, the H-9 protahowed a doublet= 3—4
experimentgsa Hz) of a triplet (which is basically an overlapping doublet

For the synthesis of annulatgeamino acids, dieneka—d of a doublet withJ = 11-12 Hz) ato ~2.73, indi-
were reacted with ethyB-nitro acrylaté® (Scheme 4) to cating that H-9 is flanked by two.aX|aI protons (H-10 and
afford the corresponding cycloadducts as inseparable stereo®n€ of the H-8) and one equatorial prot?gb (the other H-8)
isomers. The crude products were subsequently convertedVhile H-9 itself being axial (structur@6d,'® Scheme 4).
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