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Synthesis of C6-substituted 3,4-dideoxy furanoid sugar amino acids
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Abstract—A variety of chiral 3,4-dideoxy furanoid sugar amino acids have been synthesized, which were substituted at C6 with
different alkyl groups, such as methyl, benzyl, isopropyl and hydroxymethyl synthesized from their corresponding N,N-dibenz-

ylaminoaldehydes.
© 2004 Elsevier Ltd. All rights reserved.

Introduction of a stereogenic centre at the C6 position
of the amino terminus of furanoid amino acids gives rise
to an additional combinatorial site in these multifunc-
tional building blocks 1 that will not only help to induce
desired secondary structure in peptides, but will also
allow to mimic the side chains of natural amino acids
influencing the hydrophobicity/hydrophilicity of the
resulting peptidomimetic molecules.! Development of a
robust synthetic strategy to construct these molecules
in enantiomerically pure form will allow their applica-
tion as dipeptide isosteres in peptidomimetic studies.
C7-Substituted pyranoid sugar amino acids based on a
tetrahydropyran framework have already been devel-
oped.> Compounds with a methyl at C6 of 3,4-dideoxy
furanoid sugar amino acids have also been synthesized
and used in peptidomimetic studies by Koert et al.?
However, the reported procedures suffer from poor dia-
stereoselectivity leading to mixtures of isomers. Herein,
we describe an alternate method for the synthesis of
C6-substituted furanoid sugar amino acids. The process,
which uses chiral N,N-dibenzylaminoaldehydes and
glyceraldehyde acetonide as starting materials, is applied
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to the synthesis of a variety C6-substituted 3,4-dideoxy
furanoid sugar amino acids, (2R,5R,6S)-6-amino-2,5-
anhydro-3,4,6-trideoxy-aldonic acids 2 with 6-methyl
(a), 6-benzyl (b), 6-isopropyl (¢) and 6-(CH,OBn) (d)
substituents.

The synthesis is outlined in Scheme 1. One of the start-
ing materials in this scheme was the commercially avail-
able (S)-N,N-dibenzylaminoaldehyde* 3a (R = Me) that
could also be prepared from L-Ala.> The second starting
material used was 3,4-O-isopropylidene-1,1-dibromo-
but-1-en-3,4-diol 4% prepared from (R)-glyceraldehyde
acetonide, which could be made easily in large quantities
by oxidative cleavage of 1,2:5,6-di-O-isopropylidene-p-
mannitol using NalO,.” Treatment of 3a at —78 °C with
the Li-acetylide, prepared in situ by reacting 4 with »n-
BuLiin dry THF at —78 °C for 30 min and subsequently
at room temperature for an additional 30 min, gave the
expected adduct 5a® as the major product in 81% yield
with excellent diastereoselectivity and, as expected, with
a 5R stereochemistry.*®?

Hydrogenation of 5a using 20% Pd(OH),—C as a cata-
lyst in MeOH reduced the triple bond and at the same
time also deprotected NBn, to give a free amine,'® which
was reprotected using Boc,O to furnish 6a in 85% yield.?

Treatment of 6a with acid deprotected the acetonide
moiety giving the triol 7a in 95% yield. Selective sulfonyl-
ation of the primary hydroxyl group of 7a using 2,4,6-
triisopropylbenzenesulfonyl chloride (TrisCl) gave a
sulfonate intermediate that was treated with anhydrous
K,COs to carry out a facile intramolecular ring closure
reaction via an epoxide intermediate to get the tetrahy-
drofuran framework of 8a in 72% yield in two steps.!!
Finally, a two-step oxidation process converted the
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Scheme 1.

primary hydroxyl group of 8a into an acid that was
treated with an excess of diazomethane in ether to get
the final product 2a'? in 84% yield.

Similarly, starting with N,N-dibenzylphenylalaninal 3b,
N,N-dibenzylvalinal 3¢ and N,N,O-tribenzylserinal 3d
compounds 2b, 2¢ and 2d, respectively, were synthesized
following Scheme 1.2
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giving a modest 58% yield of 6d.
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Selected physical data of 2a (R = Me): R; = 0.4 (silica gel,
30% EtOAc in petroleum ether); [oc]f)7 =-9.1 (¢ 0.98,
CHCly); IR (neat) vyay 3438, 3385, 1700 cm™!; '"H NMR
(CDCl3, 200 MHz): 6 4.67 (d, J=6.6 Hz, 1H, NH) 4.54
(dd, J=5.2,8.1 Hz, 1H, C2H), 4.15 (m, 1H, C5H), 3.74 (s,
3H, CO,Me), 3.71 (m, 1H, C6H), 2.28 (m, 1H), 2.03 (m,
1H), 1.72 (m, 2H), 1.44 (s, 9H, Boc), 1.14 (d, J= 6.6 Hz,
3H, CHa); *C (CDCl;, 75 MHz):  173.56, 155.35, 83.48,
79.22, 76.57, 51.92, 49.27, 29.84, 28.34, 27.43, 16.04; MS
(LSIMS) miz (%) 274 (24) [M+H]". Selected physical data
of 2b (R =Bn): R;=0.45 (silica gel, 30% EtOAc in
petroleum ether); [oc]lz)7 =+4.6 (¢ 0.98, CHCI;); IR (KBr)
Vmax 3369, 1831, 1669, 1508 cm™'; 'H NMR (CDCl;
200 MHz): 6 7.26 (m, 5H, Ph), 4.6 (m, 1H), 4.38 (br s, 1H,
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NH), 4.07 (m, 1H), 3.87 (m, 1H), 3.75 (s, 3H, CO>Me),
2.99 (m, 1H), 2.99 (m, 1H), 2.79 (m, 1H), 2.32 (m, 1H),
2.02 (m, 2H), 1.83 (m, 1H), 1.34 (s, 9H, Boc); '*C (CDCl,,
75 MHz): 6 173.53, 155.36, 137.52, 129.55, 128.19, 126.18,
81.74, 79.18, 76.56, 54.1, 51.8, 37.02, 29.67, 28.16, 27.81;
MS (LSIMS) m/z (%) 350 (16) [M+H]" Selected physical
data of 2¢ (R = CHMe,): Ry = 0.45 (silica gel, 30% EtOAc
in petroleum ether); [oc]f)7 =—11.0 (¢ 0.68, CHCl3); IR
(neat) vpmuy 1523, 1354 cm” ;s '"H NMR (CDCls, 200 MHz):
54.51 (m, 1H), 4.3 (d, J = 10.2 Hz, 1H, NH), 4.03 (m, 1H),
3.72 (s, 3H, CO>Me), 3.46 (m, 1H, C5H), 2.4-1.7 (m, 5H,
C3H, C4H and C7H), 1.43 (s, 9H, Boc), 0.97-0.83 (m, 6H,

2 Me); '*C (CDCl;, 75 MHz): § 173.71, 156.11, 80.78,
79.14,76.58, 57.87, 51.79, 29.52, 28.31, 28.16, 19.97, 15.66;
MS (LSIMS) miz (%) 302 (34) [M+H]". Selected physical
data of 2d (R =OBn): R;=0.4 (silica gel, 30% EtOAc
in petroleum ether); [a]2D7 =—-40.4 (¢ 0.67, CHClL); IR
(neat) vmax3119, 1401 cm™'; '"H NMR (CDCls, 400 MHz):
8 7.28 (m, 5H, Ph), 4.96 (br s, IH, NH), 4.49 (m, 3H), 4.27
(m, 1H), 3.7 (m, 5H), 3.54 (m, 1H), 2.27 (m, 1H), 2.04-1.86
(m, 3H), 1.4 (s, 9H, Boc); 13C (CDCl;, 75 MHz): 6 173.54,
155.63, 138.18, 128.26, 127.5, 79.93, 79.36, 76.56, 73.23,
63.43, 53.25, 51.81, 30.05, 29.64, 28.3, 27.63; MS (LSIMS)
miz (%) 380 (32) [M+H]".
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