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A solid-phase synthesis method for the preparation of novel B and B-peptides derived from  L-aspartic acid and  -amino- L-alanine, respectively,
is described. The methodology allows independent buildup of the -peptide backbone and the introduction of sequential side chain substitutions.
Representative peptides from the two classes, an amino-substituted PP-hexapeptide and an acyl-substituted  #?-hexapeptide, have been prepared,
and their solution conformation is studied by circular dichroism (CD) spectroscopy.

B-Peptides are becoming increasingly important from bio- structures such as helices, sheets, and turns in sofution.

logical and pharmaceutical stand poihtlthough they can
display similar biological activity as-peptides, for instance,
as a somatostatin receptor agongspeptide? they are

considerably more resilient to proteolysis and metabofism.

pB-Peptides are made frofftamino acids that are subdivided
into mainly three typesf®-, 5%, and 23amino acids,
depending upon the substitution of the backbone carbon. The
solution conformation of-peptides is dictated by the

Furthermore, these molecules exhibit well-defined secondarysubstitution pattern. In general, monosubstitujgd ¢r 5-)
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peptides form a 12- or 14-helical structure and alternating
B?133-peptides prefer a 10/12 helix. The secondary structure
is enhanced by the presence of organic solvents such as
methanol and 2,2,2-trifluoroethanol (TFE) or by introduction
of other constraints such as cyclic ring systems, salt-bridge
formation, or neutralization of the helix macrodipéle.
B-Peptides are accessible by solid-phase peptide synthesis.
Parallel syntheses of these molecules have made it possible
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to study their structureactivity relationship in a systematic ||| NG

mannert Generally, 5-peptides are synthesized usiiyg

Fmoc-protectegd-amino acid monomersThesefS-amino NH, NH,
acids are usually made from correspondinrgmino acids.

The synthesis of Fmog-amino acids from Fmoc—amino

acids is nontrivial, and this synthetic procedure allows access Oi{\“‘”)cioi‘;?\o*;”“o O?NHO O*{ e Oﬂ”j’\ 1
to only a limited number of Fmog-amino acids. This also HN N ,ﬂ’\)\u/\)ﬂ/\/u\ﬂ ' NH,
renderg3-amino acids extremely expensive starting materials.

Adopting an approach similar to that of Farret@infreu? o} o o} o} o}
which they applied for the synthesis pfpeptides, we have HZN#NYLH/\HLN/\I/RN/\I/U\N/\HKNHZ
developed a synthetic strategy to obtain two new families AN oHN o HN % HN HO '; HN_ o 5
of f-peptides formed by -aspartic acid ang3-aminot+.- :ﬁ \:/ ;ﬁ ?/
alanine monomers (Figure 1). These monomers allow
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HN "o ( NH,
’ a-amino group that build the backbone of the peptide and allyl protection was
can be functionalized used to introduce the side chain functionalities. The same
participate in peptide backbone strategy allows the synthesis of either heterooligomeric

Figure 1. L-Aspartic acid (left) ands-amino+-alanine (right) f-peptides, such a_]sandZI, or homoollgomerlqii-pgptldes
monomers used in this study for the synthesi§%findgz-peptides,  (€.9.,3). In heterooligomerig-peptidesl and2, the different
respectively. side chains were introduced after coupling of each monomer
and deallylation of the side chain carboxy or amino group.
Two of the side chains were chosen with a free amino group
synthesis of3*- and?-peptides with a wide variety of side  (lysine side chain mimic) to keep a balance between both
chains. Thea-carboxy group ofi-aspartic acid and the the hydrophobic and the charged groups and to enhance
a-amino group ofg-amino+-alanine (-diaminopropionic  solubility in an aqueous medium. In the caseSapeptide
acid, Dap) are left free for the introduction of different homooligomer3, the backbone was synthesized first, and
substituents (to obtain a heterooligomer) during the synthesisa|| the side chain allyl protections were removed in the end.
or of the same substituent as a final functionalization step The backbone gf*-peptidel was prepared from orthogo-
(to obtain a homooligomer). The independent buildup of the nally protectedi-aspartic acid,Ne-Fmoc+-aspartic acid
backbone and side chain sequences leads to a very high leve&-allyl ester, using BOP with HOBt on rink amide MBHA
of synthetic versatility. Using this strategy, we report here resin (Scheme 1). The reaction was monitored by the
the synthesis of repres_entatlﬂgaeptides f_r om b oth clas_s;es, ninhydrin test. The side chain was deallylated followed by
”a”_‘e'y' aﬂ3-_he>_<apept|de X Fl%ure 2) W'th different S'O!e the introduction of the corresponding amine using the same
ngé?e;ugzgt%t;;?ﬁ sigcsjtittr;iqgr;gf(});?]zet%tédgtsﬁe?nw?thvﬂg] coupling reagents as mentioned above. To achieve complete
deallylation of the side chain carboxyl, the reaction was

side chain substitutior8]. Finally, CD spectroscopy is used L2 . ) .
. - optimized by varying (i) the amount of palladium catalyst
to elucidate key structural features of the two new families - . .
used, (ii) the length of the reaction time, and (iii) the

OfﬁC;_) Eep;:n:Sti:jne(?(l)ﬁz;zn[t;ﬁgf;tesﬁisézr;;'and 3) were number of times the reaction was repeated (Table8S1).
Pep Pep Treatment with 0.08 equiv of Pd(PRhand 8 equiv of

synthesized utilizing a Fmoc/allyl combinfed solid-phase PhSiH; for 35 min and repeating the reaction twice led to
strategy (Scheme 1), where Fmoc protection was used tocomplete deallylation. During optimization, the reaction was

— . monitored by test cleavage followed by analytical reversed-
(5) (a) Appella, D. H.; Christianson, L. A.; Klein, D. A.; Powell, D. R;;
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Qiu, X. J.; Schepartz, AJ. Am. Chem. So@003 125 4022-4023. propionic acid §), essentially following the same procedure

6) Seebach, D.; Overhand, M.; Kuhnle, F. N. M.; Martinoni, B.; Oberer, . .
L ommel U Amstit, R Widrer. el Chim: Acta108 79,613~ as that described fgf*-peptidel (Scheme 1). HoweveNe-

941. Alloc-N/-Fmoc+.-Dap is not commercially available. It was
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Scheme 1. General Pathway of Solid-Phase Synthesis of Amino-Substifgitéreptides and Acyl-Substitutg##-Peptides
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synthesized in four steps starting with@famino acid, Boc- found to be independent of concentration, suggesting that
protected.-asparagine (Scheme 2). The first three steps of no changes in aggregation state occur in this concentration
range. The CD spectra dfdisplay a marked difference in

_ organic solvents (TFE and methanol) and aqueous solvents

Scheme 2. Solution-Phase Synthesis of Orthogonally (water and phosphate buffer). In TFE, there is a minimum

Protected.-Diaminopropionic Acid at 214 nm @ = —20 x 10°) and a maximum at 204 nm
Fmoc _ COOH (Figure 3a). Similarly, in methanol there is a minimum at
(i) iodosobenzene diacetate, ” 214 nm; however, this peak is not present in aqueous
HZN\n/\rCOOH(“)EF‘n?oAf_/ng;ZNé';on oo HN O solvents. Organic solvents such as TFE and methanol have
O Nepos TR S \f been suggested to be conducive to secondary structure
(iv) allyloxycarbonyl chloride, formation®19and the CD spectra dfsuggest a gain of some
Na;C0x dioanelt,0 4 \K structural feature in organic solvents. The CD spectra of

monosubstituted3s-peptides typically display a negative
minimum at 214-220 nm and a positive maximum near

the synthesis yield#’-Fmoct-alanine and have been reported 200 nm that have been ascribed to 14-helical structure.
by Daleat et af.Following their procedure, in the first step, ~A-Peptidel is different from the reporte-peptide$® as it
Boc--Asn was subjected to rearrangement, in the presencecontains an extra amide group in the side chain and the CD
of iodosobenzene, yieldingNBoc-.-Dap. Fmoc protection of this peptide measures the collective signal of all the
of the B-amino group followed by replacement of the amides, including those within the side chain making the
a-amino Boc with an allyloxycarbonyl (Alloc) group gave spectrum difficult to interpret. The 1D NMR spectrum bf
the orthogonally protected in overall 54% yield. in TFE (Figure S1® and the preliminary 2D NMR experi-

At the end of the synthesis, and after the removal of the ments (spectra not shown) and MD simulations (not shown
terminal Fmoc groups-peptides {—3) were cleaved from  here) suggest the presence of a helical structure and one
the resin using TFA/kD/silane at room temperature for major conformational isomer. In this context, it is of
2 h. Crude peptides were purified using semipreparative particular interest to note that Fernand&antin et al.
reversed-phase HPLC prior to characterization by electro- observed a helical structure for#-polypeptide, polyg¢-
spray and/or MALDI-TOF mass spectrometry. isobutyl+-aspartate), made by polymerizationceisobutyl-

The ability of thes-peptides {—3) to adopt an ordered  L-aspartate based on X-ray diffraction and molecular mod-
secondary structure was evaluated by CD spectroscopy ineling studies! This also supports our conjecture regarding
four different solvents, namely, TFE, methanol, water, and the helical nature off3-peptides fromL-aspartic acid.
phosphate buffer (pH 7.4). Peptides were studied at differentHowever, for complete three-dimensional structure elucida-
concentrations (166500 xM), and the CD spectra were

(10) Abele, S.; Guichard, G.; Seebach, Belv. Chim. Actal998 81,

(9) Delaet, N. G.; Robinson, L. A.; Wilson, D. M.; Sullivan, R. W.; 2141-2156.
Bradley, E. K.; Dankwardt, S. M.; Martin, R. L.; Van Wart, H. E.; Walker, (11) Fernandez-Santin, J. M.; Aymami, J.; Rodriguez-Galan, A.; Munoz-
K. A. Bioorg. Med. Chem. Let2003 13, 2101-2104. Guerra, S.; Subirana, J. Alature 1984 311, 53-54.
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Figure 3. Circular dichroism spectra in water, phosphate buffer (1 mM, pH 7.4), methanol, and TFE@tf@ss-peptide hexamers (a)
B3-peptidel, (b) 2-peptide2, and (c)S%-peptide3.

tion of (3-peptides such a4, detailed NMR and MD 230 nm (Figure 3c). This could be due to the interruption of
simulation studies are required. the backbone hydrogen bonding by the side chain amino
The CD spectrum off>-hexapeptide in TFE displays a  group and destabilization of the structure. The two classes
minimum at 224 nm and a maximum at 208 nm (Figure 3b). of -peptides described here are more polar than previously
In methanol, the broad minimum at ca. 230 nm is much less reported3-peptides with similar side chains due to the extra
intense; however, at 208 nm, a strong positive maximum is amide bond in the side chain. Furthermore, this extra amide
observed. The intensity of peaks in water and phosphatebond provides more hydrogen-bonding capability and may

buffer is reduced substantiall2z seems to have some perhaps lead to unprecedented secondary structures for
structural feature in TFE but not in other solvents. Further- .peptides.

more, prellmlngry NMR_ studies o2 In TF_E suggest the To summarize, we have developed a facile synthetic route
p;esen(;e of a single major conformational isomer. In gen'eral,]cor solid-phase synthesis g8 and f2-peptides. These

p -pgptldes hazve bgen less explored and Conformat'onalﬂ-peptides allow grafting of a wide variety of side chains
studies of few*-peptides suggest that they form less-stable critical for bioactivity onto thes-peptide backbone. The CD

2,13
structures compared to the® counterpart$>™ The CD spectra of these moleculesgnd?2) suggest the presence of

spectrum of2 in TFE appears similar to the CD spectra of
: 5 : : a solvent-dependent secondary structure. They represent an
monosubstitute@?-peptides reported previously that form . . S . .
interesting class of biomimetic oligomers that may find

helical structure$3'* These spectra cannot be directly otential apolication in pharmaceutical sciences
compared due to the presence of an additional side chain® PP P '

amide bond in2 that also contributes to the spectrum.

Therefore, high-resolution structures will be required to fully X )
interpret the CD results, and these studies are currentlyFaculty of Pharmacy and Pharmaceutical Sciences for

underway. The8?-hexapeptide with free amino groups in performing NMR and mass spectrometry gxperim_ents gnd
the side chain seems to be essentially unstructured in all the'Vayne Moffat of the Department of Chemistry, University
solvents as no minima are observed between 210 andf Alberta, for performing CD experiments.
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