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Design of Transition-State Analog Inhibitors of Enzymes
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Design of Haptens for the Treatment of Enzyme-Deficiency Diseases
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Design and Synthesis of Guanidino-Sugar for Gaucher Disease
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adsorbed transmembrane
transmembrane glycoprotein proteoglycan
glycoprotein

O = sugar residue

cell coat
(glycocalyx}

lipid
bilayer

CYTOPLASM

Roles of Cell Surface Carbohydrate

Bacterium

Lectin

Glycoprotein
Glycolipid



Carbohydrate Drug and Lectin Drug
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Structure Diversity of Carbohydrates

1. Regioselectivity N %i\m
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2. Anomer o
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3. Branching
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4. Functionalization (sulfation or phosphorylation)
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Comparison of isomeric possibilities for sequences of

oligopeptides and oligosaccahrides.

Number of possible Isomers

Oligomer Composition Oligopeptide Oligosaccharide
Dimer AA/AB 1/2 11/20
Trimer AAA/ABC . 1/6 120 /720

Tetramer AAAA/ABCD 1/24 1424 / 34560
Pentamer AAAAA/ABCDE 1/120 17872/2144640
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Random Glycosylation
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HO-N, NH If P=Bn, R=(CHy)COOMe

If P=Ac, R=0O(CH,);OPhOMe
Acceptor

|

BF; etherate
DMF, RT

¢ Deprotection

If P=Bn, 25% conversion
If P=Ac, 40% conversion

aGal(1=3)BGIcNAC-OR 20% 20%
aGal(1=4)BGleNAC-OR 0% 10%
oGal(1™6)BGIcNAc-OR 30% 10% Component Ratio
BGalt=3)PGIeNAC-OR 5% (A) 20% Egerg;sglgg;:;nffgggc)
BGal 1 =4BGleNAc-OR 5% (B) 20%
BGal(1>6)BGIcNAC-OR 20% 20%

GDP-Fuc J' Fuc-Transferase  (Hinsgaul, 1995, Canada)
aluc(l A)j wFuct [=3)
BGal(1=3)3GIcNAc-OR BGalt 1=4)PGleNAc-OR

from (A) from (B)

Common mammalian glycosidic linkage and
their relative ease of formation by chemical synthesis
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Linker Design for Carbohydrate Synthesis

Endo Cleavable Linker
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Ramage TL 1992, 499. Chao JOC 1993, 2640.

Enzyme-Cleavable Linkers

Exo
A B Enzyme
A PhCOOCO NHorO penicilin amidase
;'L'«v PhOCH,0 NH SEM acylase
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Wong, I. Am. Chem. Soc., 1994,

116, 1135,



SLe* Mimics

Le* 3'-0-Sulfate
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Library Appliceiﬁ'on and Pharmacophore Approach

H Sialyl Le*
AcHN

NHA¢

GM 2296

Selectin IC5, E (0.5 mM) L (5 uM)

60 Compounds were prepared in mg amounts
Tested in ELISA Assay for E-, L-, P-Selectin Assay

3 Active (< 1 mM) in inhibiting L-Selectin Binding
4 Active (< 1 mM) in inhibiting P-Selectin Binding

J. H. Musser, Glycomed, 1995

P (5 uM)



Oligosaccharide Synthesis Using.Glycals
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Di & Trisaccharide Synthesis and Screenmg
with Chemical Coding on TentaGel resin
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Kahne, Science, 1996, 274, 1520.



Synthesis of Heptasaccharide PhytoalexinElicitor (HPE)
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Nicolaou, J. Am. Chem. Soc., 1997, 119, 449.

Enzymatic Synthesis of Phospholipid-Inhibitor Conjugates
for Drug Delievery and Targeting
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Wong, J. Am. Chem. Soc., 1993, 115, 10487.



| Glycoproteins$+ Glycoconjugates®] JEFH Fa 98 |

1) Recognition

N E-H X (tight junction and adhesion)
A Z-dtef 2o}, vpolB A, Toxins

M XE-Lectins (selectins)

322 (growth factor)

A (HY wg)

Growth and Differentiation

2) Communication

Tumor Markers (glycolipids)
Tagging (silalyl timer, protein processing label)

3) Structural Elements

@A folding B &z ote] 42
HEu B4 sl (A3 AR)

Glycoconjugates:

Glycolipids | | Glycoproteins | | Proteoglycans

Cell-Cell Adhesion, Malignancy, Cell-growth Regulation,
Tumor-associated Antigen, Cell Differentiation Markers,
Extracellular Communication, Nerve growth, Neural Repair

Altered Gangliside Biosynthesis is oncogenically transformed mosce cells. Science 1976, 194,906.
Differntiation Markers for Murine T Helper Lymphocyte. Biochem. 1992,31,12190.

Neuronal and Embryonic Development, their roles in Adhesion Processes and Tumor Metasis.
Chem. Rev. 1996, 96,683.

Onco-developmental Antigens. Nature, 1985,314,53.

Galactosyl Ceramide is an Essential Component of the Neural Receptor for human HIV-1 gpl20
PNAS, 1991,88,7131. Science, 1991,253,320.



Development of RNA Target Drugs
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Molecular Diversity

Wuonola, Scriptgen Pharm., Inc. 1996 -

Regiochemical Control
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Dohchylpyrophospbawhnkcd oligosaccharide
R= oligosaccharide, n=9-
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Tumor-Associated Sialyl-Ty Antigen Glycopeptide

Fmoc-ProO. S . O/\*/O\/\ 0/\“/0\/\n/ﬁ NH—~CHy
rY

k_.*-yw_‘_d
HYCRON DR
B-Alanine AMPS
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2} Boc-Ala-OH, TBTU, HOBT, NMM, DMF

H-Ala-Pro-HYCRON-f-Ala-AMPS
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3) TFA, CHLCly
4) Hunig base, CH,Cl,

AcC G,
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3 steps for deprotection AcHN
AcO O,
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Ac-Ala-Pro-Pro-Ala-His-Gly-Val-Thr-Ser-Ala-Pro-OH

Kunz, Angew. Chem. Int. Ed. Engl., 1997, 36, 618.
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