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ABSTRACT

Novel highly functionalized dipeptide isosters are synthesized via a diastereoselective alkyl/arylation protocol of a glucose-derived (R)-tert-
butanesulfinylimine. One of these novel sugar amino acid derivatives, a D-Ala-Ser/Thr isostere, was applied in a peptide synthesis protocol to
afford a cyclic tetramer.

An important aim in bioorganic chemistry entails the design
and synthesis of oligopeptide mimetics that are locked in
the biological relevant conformation of their natural coun-
terparts. The diversity in structure and stereochemistry
inherent to monosaccharides, combined with well-established
synthetic procedures for their derivatization, has resulted in
the preparation of a broad range of carbohydrate-based
peptidomimetics.1 Sugar amino acids (SAAs),2 carbohydrate-
derived compounds having an amine and a carboxylate
appended to a furan/pyran core, are of particular interest not
only as scaffolds3 for the introduction of specific function-
alities to the parent sugar core but also as conformationally
constrained dipeptide isosters. In this context, Kessler and
co-workers analyzed the conformational properties of a series
of SAA residues incorporated in enkephalin and somatostatin

oligopeptides.2j,4 It was found that glucose derivedδ-SAA
1, a conformationally restricted dipeptide isostere, induces
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a â-turn conformation when incorporated in selected oligo-
peptide sequences. A closer inspection of SAA1 reveals
structural similarity to a Gly-Ser/Thr dipeptide,5 with the
functionalized tetrahydropyran core stemming from the
original carbohydrate resembling, in part, the serine/threonine
side chains. Several examples of SAAs, in which the furan/
pyran core is modified to contain functionalities resembling
amino acid side chains other than Ser/Thr, have been reported
in recent years.2

However, the reported dipeptide isosters, as exemplified
by 1, normally contain a primary amine functionality that is
employed for incorporation in oligopeptide sequences. In
other words, the reported SAA-based dipeptide isosters
almost without exception display glycine-like properties. Any
synthetic sequence enabling the construction of SAAs that
are alkylated at theδ-position, as in2 (Figure 1), will result

in the preparation of dipeptide isosters other than those
including glycine. With this aim in mind, we set out to
develop a suitable route to the synthesis ofδ-substituted
SAAs, the initial results of which are presented here.6

The key step in our synthetic strategy entails the introduc-
tion of alkyl/aryl functionality via diastereoselective addition
on a carbohydrate-derived sulfinimine. The applicability of
the new SAA derivatives in a standard peptide synthesis
protocol is demonstrated by the use of one of these, the
conformationally restricted protectedD-Ala-Ser/Thr mimic
SAA 11, for the construction of cyclic tetramer19.

Our synthetic strategy is exemplified by the synthesis of
SAA 9. Condensation of the known formyl tetra-O-benzyl-
â-D-C-glucopyranoside37 with commercially available (R)-

tert-butanesulfinyl amide (Ellman’s reagent)8 in the presence
of anhydrous CuSO4 in DCM9 (70%, Scheme 1) provided

carbohydrate-derived sulfinimine4. Treatment of4 with
PhMgCl led to the formation of sulfinamide5 in high
diastereoisomeric excess (>95%, de), as judged by NMR
analysis of the crude product.

To determine the stereochemical outcome of the alkylation
reaction, compound5 was desulfinylated under the influence
of HCl in MeOH to give HCl salt6, which was subsequently
transformed to the correspondingt-butoxycarbonylate (Boc2O,
DiPEA, DCM). Ensuing Pd/C hydrogenolysis of the benzyl
ethers followed by acid-mediated removal of the Boc
protective group (95% TFA in H2O) afforded known TFA-
salt 7.10 All analytical and spectroscopic data of7 were
consistent with those reported in the literature. TheRe-site
addition of the Grignard reagent to sulfinimine3 suggests
the involvement in chelation of an oxygen of the sugar
moiety with the magnesium reagent, besides chelation of the
oxygen of the sulfinyl functionality.11

In continuation of the synthesis of SAA9, HCl salt6 was
protected as the Fmoc derivative (Fmoc-OSu, DiPEA, DCM/
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Figure 1. Structures of knownδ-SAA 1, a Gly-Ser/Thr mimic,
and the here reported alkylatedδ-SAA 2.

Scheme 1. Synthesis of Sugar Amino Acids7 and9a

a Reagents and conditions: (i) (R)-tert-butylsulfinamide, anhy-
drous CuSO4, DCM, rt, 24 h, 70%. (ii) PhMgBr, PhCH3, -78 °C,
3 h. (iii) HCl/MeOH, rt, 30 min. (iv) (a) Boc2O, DiPEA, DCM, rt,
4 h, 73%; (b) H2, Pd/C, MeOH, acetone, rt, 12 h, 86%; (c) 95%
TFA/H2O, rt, 2 h, quantitative. (v) Fmoc-OSu, DiPEA, DCM, 1,4-
dioxane, rt, 1 h. (vi) (a) ZnCl2, AcOH, Ac2O, rt, 12 h; (b) HCl/
MeOH, rt, 6 h; (c) TEMPO, BAIB, DCM/H2O, rt, 12 h.
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dioxane) to give compound8 as a single diastereoisomer in
63% yield (two steps, based on5). Selective debenzylation
of the primary hydroxyl functionality in8 was achieved by
treatment with anhydrous ZnCl2 in AcOH and Ac2O,
followed by acidic deacetylation (HCl in MeOH) and
oxidation using TEMPO and BAIB (bisiodobenzene diac-
etate) as co-oxidants,12 providing suitably protected target
SAA 9 in a yield of 80% based on three steps starting from
6.

As the next research objective, the construction of
substituted SAAs11, 13, and15 was explored. Treatment
of sulfinimine 4 with MeMgBr or i-PrMgCl under the
conditions described above, followed by removal of the
sulfoxyl auxiliary and Fmoc protection, afforded the fully
protected methyl- andi-propyl-substituted amines10 (71%)
and 12 (61%), respectively, as single diastereoisomers
(Scheme 2). Interestingly, treatment of4 with benzylmag-

nesium bromide in PhCH3 led to the formation of14 in only
18% yield. To our satisfaction, compound14 could be
prepared in improved yield (50%) by changing the solvent
system from dichloromethane to toluene and by adding an
equimolar amount of BF3‚OEt2 to the reaction mixture.13

Using the same sequence of steps as described above, the
primary benzyl-protected hydroxyl functionalities of com-

pounds10,12, and14were converted into the corresponding
carboxylic acid group, furnishing protected SAAs11, 13,
and15, respectively, in each case in good overall yield.

At this point we set out to investigate whether the obtained
novel alkylatedδ-SAAs, having a secondary amine func-
tionality, can be readily incorporated in oligomeric sequences
using standard peptide synthesis protocols. For this purpose,
protected D-Ala-Ser/Thr isoster11 was condensed with
glycine-functionalized Wang resin16 (HATU, HOAt, 2,4,6-
collidine, Scheme 3). The thus obtained immobilized product

17was readily transformed into linear tetramer18by removal
of the Fmoc protecting group, repetition of the coupling/
deprotection steps, and TFA-mediated cleavage from the
solid support. Cyclization of the linear oligomer (HATU,
HOAt, 2,4,6-collidine) under high dilution conditions (c )
0.001 M) afforded, after purification by silica gel column
chromatography, benzylated cyclic tetramer19 in an excel-
lent 74% overall yield.

In conclusion, we have presented a versatile synthesis
toward novel SAA dipeptide isosters. Variation in the nature
of the nucleophile employed in the key alkylation step and
potential further elaborations (for instance, addition of
allylmagnesium bromide, followed by oxidation/cleavage of
the double bond) should give access to SAA-based dipeptide
isosters having the equivalent of heteroatom-containing

(12) (a) DeMico, A.; Margarita, R.; Parlanti, L.; Vescovi, A.; Piancatelli,
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stereochemical outcome of the reaction. A likewise addition of 2 equiv of
BF3‚OEt2 in CH2Cl2 in the addition of PhMgBr and4 did not affect the
stereochemical outcome or yield. See: Davis, F. A.; McCoull, W.J. Org.
Chem.1999,64, 3396-3397.

Scheme 2. Synthesis of Sugar Amino Acids11, 13, and15a

a Reagents and conditions: (i) (a) MeMgBr, PhCH3, -78 °C;
(b) HCl/MeOH, rt, 30 min; (c) Fmoc-OSu, DiPEA, DCM, 1,4-
dioxane, rt, 1 h (71% over three steps). (ii) (a)i-PrMgCl, -78 °C,
PhCH3; (b) HCl/MeOH, rt, 30 min; (c) Fmoc-OSu, DiPEA, DCM,
1,4-dioxane, rt, 1 h (61% over three steps). (iii) (a) BnMgCl, DCM,
BF3‚OEt2 (2 equiv),-78 °C; (b) HCl/MeOH, rt, 30 min; (c) Fmoc-
OSu, DiPEA, DCM, 1,4-dioxane, rt, 1 h (50% over three steps).
(iv) (a) ZnCl2, AcOH, Ac2O, rt, 12 h; (b) HCl/MeOH, rt, 6 h; (c)
TEMPO, BAIB, DCM/H2O, rt, 12 h (11, 64% over three steps;
13, 74% over three steps;15, 64% over three steps).

Scheme 3. Solid-Phase Synthesis of Cyclic Oligomer19 with
Sugar Amino Acid11a

a Reagents and conditions: (i) 20% piperidine in DMF, rt (2×
20 min). (ii) (a)11 (1 equiv), HATU (0.9 equiv), HOAt (0.9 equiv),
2,4,6-collidine (20 equiv), DMF, DCM, rt, 2 h (double coupling);
(b) capping: Ac2O (5 vol %) and DiPEA (6 vol %) in DMF (10
min). (iii) Fmoc-Gly-OH (5 equiv), HATU (4.95 equiv), HOAt
(4.95 equiv), 2,4,6-collidine (20 equiv), DMF, DCM, rt, 2 h (double
coupling); (b) capping. (iv) TFA/DCM (1/1, v/v), rt, 30 min. (v)
HATU (2 equiv), HOAt (2 equiv), 2,4,6-collidine (20 equiv), DMF,
4 °C, 24 h.
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amino acid side chains. Furthermore, variation of the nature
of the chiral sulfinimine or the carbohydrate template should
provide control over the stereoselectivity of the addition step,
giving access to the equivalent side chain ofL-amino acids.
Finally, the presence of the added substituent will have a
profound effect on the conformational behavior of this type
of dipeptide isosters, and oligopeptides containing them. It
should be noted that peptides featuring1 still possess partial
conformational flexibility due to rotational freedom around
the N-C-C-O dihedral angle.4 Current research activities
are focused on both exploring the synthetic scope of our
strategy and the conformational analysis of linear and cyclic
oligopeptides containing SAAs with the general structure2.

Acknowledgment. The authors thank The Netherlands
Technology Foundation (CW-STW) and The Danish Re-
search Agency (Financial Support), Kees Erkelens and Fons
Lefeber (NMR), Nico Meeuwenoord and Hans van den Elst
(chromatography), and Bertil Hofte (HR-MS).

Supporting Information Available: Spectroscopic data
and experimental procedures. This material is available free
of charge via the Internet at http://pubs.acs.org.

OL048750R

3170 Org. Lett., Vol. 6, No. 18, 2004


