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Abstract—Sugar amino acids (SAAs) are carbohydrate derivatives bearing both amino and carboxylic acid functionalities. SAAs are very
versatile conformationally biased building blocks amenable to serve as glyco- or peptidomimetics. The stereochemical arrangement of the
substituents of the sugar ring, its ring-size as well as the presence of additional functional groups provides a plethora of possible com-
binations. In this overview the structures of oxygen heterocylic SAAs that have been reported thus far are provided, having 3, 4, 5, 6-

membered rings as well as several bicyclic counterparts.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Monosaccharides are inexpensive, readily available and
versatile building blocks that have not only been used
frequently for the synthesis of complex oligomers,! but
also as starting materials for the construction of natural
products? and as templates in combinatorial approaches
towards drug discovery, to name a few.3>> Of particular
interest are carbohydrate derivatives bearing an amino
and a carboxylic acid functionality, also referred to as
sugar amino acids (SAAs).® Via the proper spacing
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of the amino and carboxylic acid groups on the sugar
core and the introduction of specific functionality at
the sugar hydroxyls, or following a ‘backbone’ modi-
fication strategy, SAAs can be designed to resemble
conformationally restricted dipeptides. The sugar ring
of SAAs offers a conformational bias, dictated by its
ring size and the stereochemical arrangement of its
substituents, which can be fine-tuned to provide the
appropriate structural behaviour as part of a linear- or
cyclic oligopeptide or foldamer. Herein we expand upon
the scope of the thus far reviewed SAAs’ by focusing on
the structures, and not their applications, of oxygen het-
erocycles having 3, 4, 5 and 6 ring atoms and their corre-
sponding bicycles that are functionalized with one (or
more) amino functionality and a carboxylic acid group

(Fig. 1).
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COOH and provide us with entries that will subsequently be
COOH o included in a second collection of scaffolds.

| HN—_—0 HaN—
/—0 m ko) HZN@COOH
COOH .

2. Compendium

Figure 1. The generic structures of the four major type of oxygen

heterocyclic sugar amino acids (SAAs) reviewed. The structures of oxygen heterocylic SAAs (Fig. 2) that
have been reported thus far are provided, having 3, 4, 5,
6- membered rings (Tables 1-4) as well as several bicyclic
counterparts (Table 5).

We have excluded cyclic amino acids [such as hydroxyl-

ated prolines, pipecolic or nipecotic acids] in which the

amine function is part of a ring, as well as SAAs having

no oxygen heterocyclic ring structure. Also not included

are nucleoside amino acids, aza sugar amino acids, amino SAA

acid having sugars as side-chain and related natural prod-

ucts. We initially hoped to provide a comprehensive list of

SAA scaffolds; however this is a fast expanding field and

Type

we are bound to have missed important contributions to References
the field. In order to ensure a comprehensive overview
we urge readers to contact us—Dby e.mail or otherwise— Figure 2. Overview of cyclic SAA scaffolds.

Table 1. Epoxide amino acids (depicted with unprotected amino and carboxylic acid functionalities, R’ = H or protecting group)
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Table 2. Oxetane amino acids (depicted with unprotected amino and carboxylic acid functionalities, R’ = H or protecting group)
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Table 3. Furanoid amino acids (depicted with unprotected amino and carboxylic acid functionalities, R’ = H or protecting group)

o
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Table 3 (continued)
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Table 4. Pyranoid amino acids (depicted with unprotected amino and carboxylic acid functionalities, R’ = H or protecting group)
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(continued on next page)
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Table 4 (continued)

M. D. P. Risseeuw et al. | Tetrahedron: Asymmetry 18 (2007) 2001-2010

Y
RO, _O._ .COH

R'OJ/\j\OR'

NH,

Sofia et al.'%

Y
HoN,, 0. .COH

R-OLJ"’/ORI

OR'

1.1()3

Gyorgydedak et a

Schroder et al.'®”

11]7

Fuchs et a
Locardi et al.''®
Suhara et al.'"®

)
O._.COzH

HZN/II")/\l
R'O OR'

OR'

89.123
von Roedern et al.””

Kessler et al.”®
Lohof et al.”®
Stéckle et al.!?*

193

Suhara et a

Y
HoN,, O COzH

Rvo\“'@ORu

OR'

Revelskaya et al.'*®

)

0] COzH
RIO\\“

(R) and (S); Overkleeft et al.''®

S
O LCO,H
HoN
R'O "OR'
OR'

Fuchs et al.!''’

R

: H
0. CO,H
HgNn
R'O OR'

OR'

R = Me, iPr, Ph, Bn;
Raunkjaer et al.'?®

R'O__0O._.COxH

Zimn
I
¥

(R) and (S); Sakata et al.!!

107
1.

Kim et a

)
O .CO.H
OR'

(R) and (S): Grotenbreg et al.”
Overkleeft et al.''”

El Oualid et al.'''"!!?

Aquilera et al.''*

Dsselstein et al.''

S
0. LCO,H
HoN
RO OR'
OR'

Lohof et al.”®
Haubner et al.'*

OR'

R = Me, iPr, iBu, Ph;
Risseeuw et al.'?

v
HoN,, O WCOzH

R'OJ/\J\OR'

OR'

Nitta et al.'*
Gyorgydedk et a
Drouillatet al.'®
Timmers et al.'®
von Roedern et a
Kessler et al.”

3
1‘10

189

NH»

Hedenetz et al.'®®

)
(0] CO.H
H,>N |
R'O
OR'
Chung et al.'"®
o
/1, O \\CO H
H2N/ J/\j" 2
RO” Y~ “OR
OR'

Haubner et al.'*!

Fuchs et al.'*

)

0. .COH
HzN/Il
RO” > YOR'

OR'

Lohof et al.”®



M. D. P. Risseeuw et al. | Tetrahedron: Asymmetry 18 (2007) 2001-2010 2007
Table 4 (continued)
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Billing et al.!33134
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Table 5. Bicyclic amino acids (depicted with unprotected amino and carboxylic acid functionalities, R’are protecting groups or hydrogens)
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