9802 J. Am. Chem. S0d.996,118,9802-9803

The Synthesis of C-Trisaccharides Exploiting the
Stereochemical Diversity of a Central Sugar

Daniel P. Sutherlin and Robert W. Armstrong*

Department of Chemistry and Biochemistry
University of California, Los Angeles, California 90095
Receied March 7, 1996
The interaction between cell surface carbohydrates and their
protein receptofss implicated in virat and bacteridladhesion,
metastasié,and the recruitment of leukocytésCarbohydrate
mimics represent a class of compounds which can be used to
study these cellular interactions and may represent leads for
drug discovery. In particular, C-glycosides are useful candi-
dates due to their resistance to glycosidases, greatly enhancing
their stability in biological fluids. In reference to the generation
of di- and trisaccharide analogs, Kishi has shown that in specific
models, C-glycosides are similar in both solution conformation

and biological activity to their O-glycosidic counterparts and Figure 1. Retrosynthetic analysis to diverse analogs of the H-type |
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that hydroxyl deletion can alter the overall conformation and blood group.

flexibility of the C-saccharidé. Presently, we are developing

substrates to examine these interactions at the molecular levelChart 1

via de nao synthesis of pyranyl derivatives within the context
of C-disaccharidésand alternatively with the combinatorial
synthesis of C-glycopeptide ligands on solid suppbrin this
paper, we develop a general strategy for the synthesis of
C-trisaccharidéd with increasing levels of divergence through-
out the later stages of the route. Using this approach, we have
accomplished the synthesis of C-trisaccharides based on the H
type | blood group determinartt (Figure 1), implicated in
adhesion involving the pathogenic bactetiglicobacter pylori

Our synthetic strategy is based on the C-trisaccha2ide
mimic of blood group determinari and represents a practical
method to rapidly sort novel trisaccharides via biological
evaluation of diastereomeric mixtures. The absolute structure
of a compound of interest can be determined via a recursive
stereochemical deconvolution of an active pool of diastereomeric
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6 CH,0H H OH H
7 H CH,OH OH H
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mixtures thrOUgh further elaboration of archived intermediates making this approach genera| for any trisaccharide of interest

and subsequent retestitfy.Expanding on the concepts of our
previous work with 1,6 C-disaccharidgsye used two fixed

with a C-1 and C-2 linkage, a common motif. Permutational
alterations of the central hexose should have the most effect on

pendant sugars at each terminus of the trisaccharide and createghe overall three-dimensional conformation of the trisaccharide.

de nao the central core hexose h Strategically, the pendent
sugar's identity and connectivity could be easily changed,
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Retrosynthetic analysis & affords the complex “C-disaccha-
ride” 3 that can be modified by the addition of a variety of
nucleophiles and then converted synthetically 2ovia an
intramolecular cyclization. Synthesis 8frequired an organo-
metallic coupling of C-hexosé and aldehydé, both derived
from natural sugar precursors. This strategy has thus far yielded
the six trisaccharides—11 through a rapid, convergent approach
that can be applied to a variety of cell-surface sugars. Both
the centralD- and L-sugars are synthesized with no extra
synthetic effort, providing an interesting permutation that would
otherwise be financially prohibitive if natural sugar precursors
were used as starting materials.

Vinyl bromide4, generated in three steps from commercially
available fucosé3 was coupled to aldehyd&“ with CrCly/
0.5% NiCh!® and blocked to obtain separable TBS ethk?s
and 131 2:1, respectively (Scheme 1). Diastereoselective
hydroboration/oxidation (9-BBN/¥D,)!” and subsequent oxida-
tion with Dess-Martin periodinane (DMPJ gave aldehydes
14 and 19, specific examples of retrod.!®

(13) Hosomi, A.; Sakata, Y.; Sakurai, Hetrahedron Lett1984 25,
2383.
(14) Derived in four steps fromN-acetylglucosamine and described fully
in the supporting information.
(15) (a) Dyer, U. C.; Kishi, YJ. Org. Chem1988 53, 3383-3384. (b)
Kishi Y. Pure Appl. Chem1992 64, 343-350.
(16) The stereochemistry of the protected allylic alcoHd was
elucidated by X-ray crystallography.
(17) Evans, D. A.; Ratz, A. M.; Huff, B. E.; Sheppard, G. B.Am.
Chem. Soc1995 117, 3448-3467.

S0002-7863(96)00741-X CCC: $12.00 © 1996 American Chemical Society



Communications to the Editor J. Am. Chem. Soc., Vol. 118, No. 40, 19863

Scheme % deprotection in one step by adding CSA directly to the flask
1. GrCh. 0.5% NiCla. 4:1 containing MCPBA after 16 h had elapsed. Deprotection of
. 2, U.07 2, 4. .
s THF:DMF, 3d (72%) the benzyl groups on the fucose gave two trisacchafiGesd
and 5 L
2.26Lutdene, 11 that could be separated by normal flash silica gel chroma-
sott (¢1%) tography?® These two compounds have the center sugars 2,4-

Ratio of dideoxy+-allose in10 and 2,4-dideoxy>-mannose irl1.24

Deconvolution of the C-5 stereocenter was addressed by
generating a stereochemically pure epoxide. Compdlifid
precursor tal6, was further protected with TBSOTf and then
submitted to Sharpless asymmetric dihydroxylation conditi®ns,
generating the desired chiral diol which was monomesylated
to yield compoundl8. The dihydroxylation with the DHQD

H._O N ,SRE,I 15 Ry=OH, ligand proceeded in good yield providing a 5:1 ratio of separable
a 55% I‘A c 88% \/;:ﬁ Re=H diastereomers. The alternative DHQ ligand gives the diols in
b 98% S2 oo S2 16 Ry=H, an opposite 1:2 ratio. Base-mediated ring closuré8ibrmed
s, OTBS 1 OH Re=OH the epoxide?’ and removal of both TBS protecting groups gave
14 15:16 2:1 a stereochemically pure epoxide-diol that converged on the
©63% gangg e.f80% 19 and 11 nonstereoselective route. As expected, when this diol was
g8 1:1 18 e 1:1 treated with the previous conditions of acid catalyzed cyclization

and hydrogenation, C-trisaccharitl®was generated as a single

SN e ~OTBS 6% compound. ) i
——— HO a70%_ 44 Aldehyde 19 was allylated, and the crude reaction mixture

s, OT8852} 865 s, OTBSsz ;g‘;// was treatepl with TBAF to remove the TBS ether, _providing
" 18 the exclusive compoun@0 as expected from FelkinAhn
addition. Compoun@®0 was treated with the one pot epoxi-
A0 NN OH dation and cyclization procedure to give two separable trisac-
13 28%% (\/\ it/l/\s ef61% gand7 charides. These two compounds were individl_JaIIy analyzed via
boT% & Gres 2 74% ; b Ceesw 1T 2D-COSY, 2D-ROESY, 2D-HMQC, and selective homonuclear
19 20 IH decoupling NMR experiments to determine the stereochem-
a .. . - . ical makeup of the products. At this point the stereochemical
allylﬁég%%Si':thbHrEhgd%, %?&3_675;@?8? ?g:&%‘?'ﬁf’o?gg; ((Z)) outcome of the pr_ecedente_d ster_eoselective h_ydroboration and
MCPBA, CHCly; (f) cat. CSA, CHCl; () Ha, Pd(OHY/C, MeOH: Felkin—Ahn addition for this series was confirmétl. Both
(h) 2,6-lutidene, TBSOTT; (i) Os DHQD,PYR, t-BUOH/H,0, 0°C, compounds were selectively hydrogenated and separated to give
5:1; (j) E&N, MsCl, CHCly; (k) NaH, EtO. pure trisaccharide$ (2,4-dideoxyp-galactose) and’ (2,4-
dideoxy+-altrose)?8
Aldehyde 14 was homologated with the addition of allyl- In conclusion, we have presented a general approach to
magnesium bromide to yield separable homoallylic alcohols, C-trisaccharides with 1,2 sugar branching. The synthesis is both
which were then desilylated with TBAF to give diol$ and convergent with respect to the pendant sugars and divergent so

16(2:1, respectively). The major diastereori&mwas expected  that modifications of steps in the later portions of the route can
to result from a FelkirrAhn addition of the nucleophile to the  be used to generate a variety of structures. Ideally, these
aldehyde. This stereochemical assignment was confirmedprocedures could be repeated using a variety of sugars in the
following a chiral crotylboration using the+H) Ipc,BOMe S: and S locations, archiving portions of the material at each
ligand, giving the homoallylic alcohols in a 6:1 ratio as prochiral stage (i.e13, 19, and20) for stereochemical decon-
predicted, in a 48% yielé® The minor diastereomer could be volution as needed. These and other extensions of the present
favored following an oxidation/reduction (DMP/LiBjproce- methodology should result in the synthesis of more trisaccha-
dure, giving a 1:3 ratio of diastereomers (not shown, 95% yield). rides within this series. Biological assays in parallel with
The olefin in diol15 was oxidized with MCPBA to yield a 1:1  detailed solution conformations of these compounds should
mix of epoxides which was subsequently treated with CSA, provide insight into the binding requirements of selected
resulting in cyclization to the pyran and removal of the carbohydrate receptofS.

isopropylidine protecting group from thié-acetylglucosamine.
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similar manner combining the epoxidation, cyclization, and
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