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Abstract: Whercas trimers and (ctramers of (-C-D-arabinofuranosyl carbohydrate amino acids
adopt well defined conformations based around a repeating B-turn like structure, stabilised by (i, i-
2) inter-residue hydrogen bonds, there is no indication of any sccondary structure in the tetramer of
the epimeric o-C-D-arabinofuranosy! carbohydrate amino acid, where the C-2 and C-5 substituents
of the tetrahydrofuran ring are trans to cach other. © 1999 Elsevier Science Ltd. All rights reserved.

The exquisite specificity of recognition and catalysis exhibited by enzymes are enviable properties for
any molecule to possess. These attributes emerge through folding and self organisation of flexible chains into
specific and well defined conformations — sometimes bringing covalently distant components into close spatial
proximity. Attempts to mimic the structure of natural polymers are varied,' and unnatural oligomeric peptides’
which display secondary structure in relatively short chains, have been investigated intensely.” Polymers
which have a tendency to adopt a specific compact conformation have been termed ‘foldamers’.* The first step
in the creation of artificial protein-like structures (which might display specific tertiary structure) is the
identification of novel scaffolds® which possess an inherent propensity to generate secondary structural
elements. This has proven to be a fruitful approach resulting in the synthesis of a range of molecules
exhibiting helical® and other secondary structures.”
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Carbohydrates bearing both an amino and a carboxylic acid functionality have been proposed as
combinatorial building blocks® and peptidomimetics;’ they are found as components of both natural products™®
and potent inhibitors of sugar processing enzymes." Exploitation of the rigidity and diversity of the sugar
backbone should permit subtle modification and even a rational design for three dimensional conformation in
oligomeric derivatives (carbopeptoids’).'” However, access in short sequences to a flexible range of
carbohydrate-based amino acids has thus far proved elusive and has hampered such objectives; a wide range
of tetrahydrofuran azidoacids are available from carbohydrate lactones and may provide a family of novel
combinatorial building blocks as well as clues to the design of short sequences exhibiting secondary structure.
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Oligomers 6 derived from a cis-5-aminomethyl-tetrahydrofuran-2-carboxylate 4 can exhibit secondary
structure in chains as short as a trimer.” In order to investigate the effects of structure variation in this
framework, this paper reports the synthesis of the tetrameric C-2 epimer 3 in which the C-2 and C-5
substituents of the tetrahydrofuran ring are trans to each other. The inversion of this single stereocenter from 6
to 3 confers significant changes upon the solution state conformation such that in 3 no secondary structure is
apparent.

The synthesis of the 2,5-trans carbopeptoid 3 is described in scheme 1. The open chain triflate 8 was
synthesised from D-glucono-1,5-lactone 7 as previously described.” Treatment of the triflate 8 with
methanolic hydrogen chloride gave exclusively the o-C-D-arabinofuranosyl carboxylate 9 [a],= +47.2 (c, 1.0
in MeOH) in 90% yield via an Sy2-like closure of the C-5 hydroxyl onto C-2 with inversion of configuration.”
The triol 9 underwent a selective esterification with methanesulphonyl chloride in pyridine in the presence of
4-dimethylaminopyridine at -20°C to give the primary mesylate 10 [a],* +41.7 (¢, 1.01 in MeOH), m.p. 74-
75°C, in 72% yield which upon treatment with sodium azide in N,N-dimethylformamide (DMF) at 65°C
afforded the azido ester 11 in 98% yield [a]p* +70.2 (c, 0.88 in MeOH).'¢
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Scheme 1. () ref 3. (ii) 1%HClin MeOH, RT (i) MsCI, py, DMAP (iv) NaN,, DMF, 65°C (v) NaOH (aq), dioxane (vi) (CH,),CHOH,
K;CO; {vil) H,, Pd, (CH,),CHOH (viii) EDCI, HOBY, (iPr),NE, 1 eq. of 1 (ix) EDCI, HOBY, (iPr),NEY, 1 eq. of 13 then Ac,0.

Attemnpts to reduce the C-6 azide of 11 under standard hydrogenation conditions led to complex
mixtures of products, probably arising from intermolecular condensations; a less reactive ester is required to
enable isolation of the C-6 amine. Thus, transesterification of the methyl ester 11 to the more hindered
isopropyl ester 12 [a],™ +58.6 (¢, 1.0 in MeOH), m.p. 48-52°C, was effected by heating at 70°C in
isopropanol in the presence of potassium carbonate (84% yield). Subsequent hydrogenation of the isopropyl
azide 12 in isopropanol in the presence of palladium black allowed isolation of the polar amino ester 2 which
was used without further purification. Hydrolysis of the ester functionality in 11 with aqueous sodium
hydroxide in dioxane and purification by ion exchange chromatography gave access to the acid 1 which was
coupled to the 6-amino component 2 under standard conditions with 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (EDCI) and 1-hydroxybenzotriazole (HOBt) in DMF in the presence of
diisopropylethylamine. This gave the unprotected dimer 14 (74% yield from the azide 12) [a]p® +46.6 (c, 0.5
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in MeOH), m.p. 142-143°C, which is isolable by standard chromatographic techniques. Protection of the
backbone hydroxyl groups is unnecessary during these coupling reactions. An iterative approach was adopted
for the synthesis of the tetrameric carbopeptoid 3; thus the dimer 14 was reduced by hydrogenation in
isopropanol in the presence of palladium black to afford the N-terminal amine 13. Treatment of the dimer 14
with aqueous sodium hydroxide in dioxane gave the acid 15 which could be coupled to the N-terminal dimeric
amine 13 with EDCI and HOBt in DMF in the presence of diisopropylethylamine. Treatment of the reaction
mixture with acetic anhydride in pyridine facilitated isolation of the peracetylated tetramer 3 [a)p* +58.6 (c,
0.5 in CHCl,) in 77% yield from the azide 14.

The solution structure of the tetramer 3 was investigated by NMR spectroscopy. Partial proton spectra
of the cis 6 and trans 3 tetramers are depicted in figure 1 for comparison. The proton spectrum of the cis
tetramer 6 (lower plot) in CDCl, is remarkably well dispersed, despite the repeating monomer units. The
amide proton region of cis 6 is particularly distinctive; two protons display high frequency shifts whereas the
third resonates at a considerably lower chemical shift. It has previously been shown that the two protons above
8 ppm (NH€ and NH®)"7 are involved in intramolecular hydrogen bonding interactions (NH', CO"?) in CDC},
solutions, whereas the third (NH®) is solvent exposed. These hydrogen bonds stabilise a novel repeating f-turn
type secondary structure which gives rise to the significant shift dispersion.
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Figure 1. NMR spectra of trans 3 (upper plot) and cis 6 (lower plot) tetramers (500MHz, CDCl,, 298K)
In sharp contrast, the proton spectrum of the zrans isomer 3 demonstrates very little shift distribution, with all
protons clustered together according to their positions within the monomer units. Outlying resonances from
these clusters can be attributed to chemical differences at the termini, in particular the presence of the C-
terminal ester functionality. The distinct lack of dispersion and similar chemical shifts for the amide protons
indicates an absence of hydrogen bonding interactions. These amide proton shifts are similar to that observed
for the cis dimer § in CDCl, (7.18 ppm) which itself does not participate in internal hydrogen bonding.
Overall, the low dispersion observed throughout the spectrum is generally suggestive of a lack of stable
secondary structure. The 2,5-rans disposition of the groups across the tetrahydrofuran ring in 3 would not
provide the optimum geometry for the formation of the hydrogen bonded turn-type structure observed for the
cis isomer 6 but may not necessarily prevent the formation of alternative secondary structures; however, a
larger oligomer than a tetramer is clearly necessary for this. In the following paper the synthesis™ of three
further stereoisomeric tetramers of 3, with both cis and trans arrangements of the 2,5-substituents and in all of
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which a cis-diol unit is protected as a ketal, is described; all three of these tetrameric carbopeptoids provide
preliminary indications of the presence of secondary structural characteristics.'*
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