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Abstract: An efficient strategy for the synthesis of large libraries of
conformationally defined peptides is reported, using dynamic
combinatorial chemistry as a tool to graft amino acid side chains on
a well-ordered 3D (3-dimension) peptide backbone. Combining
rationally designed scaffolds with combinatorial side chains selection
represents an alternative method to access peptide libraries for
structures that are not genetically encodable. This method would
allow a breakthrough for the discovery of protein mimetic for
unconventional targets for which little is known.

Introduction

Small peptides are attractive and underexploited
that occupy an intermediate molecular space bet
traditional drug-like compounds and much larg
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Figure 1. Protein mimetic design by dynamic side-chains grafting on a defined
3D peptide scaffold.

-
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A peptide scaffold of defined 3D structure covered on one face
by functional groups prone to react in reversible processes is
mixed with a series of building blocks (BB) bearing amino acids
side-chains, in physiological conditions. Dynamic side-chains
grafting occurs and leads to a dynamic chemical library (DCL) of
well-ordered peptides with multiple side chains combinations.
Upon addition of a biological target, the best ligand binds this
target and shifts the equilibrium to favor its own formation at the
expense of the other compounds. Changes in library
composition upon introduction of the target are thus exploited to
probe favorable interactions. DCC has been barely used in



peptide and peptidomimetic chemistry but few example are
reported:”®  to  assemble peptides fragments into
supramolecular 3D protein-like structure,’®'" to create peptide
bonds between amino acids surrogates'*'® or to graft side
chains either on a flexible polymer backbone!™' or a rigid
organic scaffold."®*'® The covalent reversible functionalization of
a well-ordered peptide scaffold has been also reported.'”
Combination of such a folded scaffold with dynamic
combinatorial method has never been published to date.

We present herein our incremental work aiming at generating a
dynamic combinatorial library of 3D folded peptides. The key
point for the success of this approach is to access an
isoenergetic library, ensuring an equal quantity of all its
members, since the formation of reaction mixtures that are
strongly biased toward some of its members may render it
energetically costly to shift the equilibrium in any other direction.
Such phenomenon may strongly affect the level of amplification
that could be detected and compromise its utility. We
demonstrate here that an appropriate choice of reaction and
conditions can lead to an effective thermodynamic control over
the equilibrating mixture allowing the access to a library that
would be useful for ligand screening and could achieve a
breakthrough in the discovery of new bioactive peptides.

Results and Discussion

First we focused on establishing conditions for the dynangic
functionalization of a peptide scaffold, at its surface. Alth
many reversible reactions have been reported for DCC, on
of them are compatible with biological medium.® Eor this
purpose we chose the thioester exchange reaction, fr
functionalized scaffold and a library of thioester
building blocks (BB), namely compounds 5(
corresponds to the amino acid that carries t
chain (Scheme 1).['!

SH __SH
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{eL _-tBu F) -~pPnh
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indolyl, p " Iglycine, Lys= lysine, Arg= arginine,
Gdm= guanidinium, hArg= homoarginine, Glu= glutamate.
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This reversible reaction operates smoothly in water at neutral pH
and low temperature. It is tolerant to the weak interactions
involved in biomolecular recognition processes and even though
thiol groups are part of protein cogaposition, free cysteines are
rare at protein surfaces and mos buried inside protein
core where they stabilize the overall e folding through
disulfide bridging. We decided to us bearing 4
cysteines at its surface, sin ini
chains are usually involve

macophore of a protein.
lected a 10-mer cyclic
B-turn inducing

into a regular an
(Figure 2)

R = SH or NHAc
DAP(Ac)'-glP-DAP(Ac)3-Arg#-Gly5-Cys6-Trp7-DAP(Ac)8-PPro-Pro
DAP(Ac) @s2-Cys3-Arg4-Gly5-Cys®-Trp”-DAP(Ac)8-PPro-Pro
AP(Ac)1-Lys2-Cys3-Arg4-Gly5-DAP(Ac)8-Trp”-Cys8-PPro-Pro
s'-Lys2-Cys3-Arg4-Gly5-Cys6-Trp”-Cys8-PPro-Pro

caffolds based on 10mer °Pro-Pro templated B-hairpin cyclic
(peptide 1), 2 (peptides 2 and 3) or 4 (peptide 4). SH
(3-acetyl)-1,3-Diaminopropionic acid.

ide: cationic residues (Lys, Arg in positon 2 and 4
pectively) ensure water-solubility and a UV (Ultra-Violet) tag
rp in position 7) allows monitoring of the reaction at a specific
wavelength (280 nm). Based on these design considerations, a
series of peptides was prepared, bearing one (1), two (2 and 3)
or four thiol groups (4) on one face, the other residues of the
same face being locked as non-exchangeable acetyl-amide
(NHAc). Peptide sequences are assembled by Solid Phase
Peptide Synthesis (SPPS) using Fmoc/t-Bu
(Fluorenylmethoxycarbonylitert-butyl) strategy.” In order to
verify that these peptides adopt the expected conformation, the
solution structure of 4 was investigated by NMR (Nuclear
Magnetic Resonance) spectroscopy in aqueous solution at 300
K  (phosphate buffer pH 7, HO/D,O 9:1, tris-
carboxyethylphosphine (TCEP) 10 mM). Proton and carbon
assignments were unambiguously achieved using 'H, 'C,
TOCSY (TOtal Correlation SpectroscopY), ROESY (Rotating
frame Overhauser Effect SpectroscopY) and 'H-"*C HSQC
(Heteronuclear Single Quantum Correlation) experiments. The
obtained spectra revealed a unique set of resonances
suggesting the presence of a single conformation on the NMR
timescale. NH resonances displayed a large spectral dispersion
and high values were measured for most of the *Jun.n. couplings
(>9 Hz) which was indicative of a stable extended conformation.
In addition, numerous cross-hairpin connectivities typical from a
regular B-hairpin were observed in the ROESY experiment. In



particular strong sequential d.n(i, i+7) ROEs were observed as
well as cross-strand ROEs connectivities between the NH
protons of Cys'/Cys® and Cys®Cys®, and the Ca-H protons of
Lys¥/Trp’. The absolute values of amide proton temperature
coefficients were very low for residues Cys' and Cys® (0.9 and
1.0 ppb/K respectively). The H/D exchange rates for NH protons
of these two residues were very slow compared to the other
residues, which is consistent with their involvement in intra-
molecular H-bonding. All together, these data strongly support
the presence of a regular B-hairpin conformation for the peptide
backbone. Robinson et al. have shown that improved mimicry of
a regular hairpin structure in a free ligand usually favors its
recognition by its putative biological partner, because in such a
conformation the side chains of up to four key hot residues can
be displayed on the same face, allowing their simultaneous
interaction with a target. This series of peptides was thus
validated to study the reversible side-chains exchange.

In order to ensure similar reactivity between the scaffold and the
BBs and guarantee equilibrium between both, acyl side-chains
that are dynamically exchanged during DCC experiments are
also attached to a cysteine platform in the BB design, via a
thioester linkage. (Scheme 1) Different BB 5(X) that recapitulate
the panel of natural and common non-natural amino acids side-
chains have been synthesized according to the literature.”* To
facilitate the analysis of the reaction mixture, the reaction
conditions were first established on peptide 1 bearing a single
thiol group in position 6. Peptide 1 (1 mM) was incubated with a
single thioester BB 5(F) (3, 5 or 15 equiv.) in a 100
phosphate buffer, at pH 7 and room temperature. (Figure

Table 1)

1/pH 7.5
TCEP (10 mM)
Tween 20 (0.4 mol%)
2/ TFA (1%)

SH MeCN/H,0 (pH 2)

o
Ay oo

5(F)

—
-

20 /

Time (min)

Figure 3. Thioester exchange between 1 an scheme o,

and RP-HPLC traces at 280 nm on the bottom
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a single BB 5(F) at differen ffold to BB r:
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ifferent pH.
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1:4 4 80 1

1:5 4 87 1

, it could nevertheless
ntent. Tween 20, a mild
dium, was used in a
tion issues. After
on of TFA (Trifluoroacetic
(F) was followed by RP-
atography) at 280 nm.
smoothly leading to the
sole new compound as
(MS) analysis (MH*, m/z
tween 1 and 1(F) is established within 6h.
tly accelerated by raising the pH of the
reactio, 7.5 without modifying the reaction
course. The calculated from the steady-state
concentration of each species, determined by RP-HPLC, and

are in the rangg of 0.5-1. (Table 1)
e inﬂueni( the side-chain chemical nature on the reaction

ome wa¥ then studied. For this purpose, peptide 1 (1 mM)
reated with different building blocks bearing the side chains
hatic, aromatic, polar, cationic or anionic amino acids, at
concentrations, in the conditions reported above. In all
igue compound corresponding to the thioester
ed as a sole new compound, as confirmed by MS
analysis.®*'¥(Table 2) Gratefully, no competitive reaction is
observed when additional reactive functional groups are present
on the side-chain. In general, the equilibrium is reached within
urs (3 to 6h) when an excess of BB is used (>1.5 equiv.),
r B-branched side-chains (5(Ai) and 5(V)) additional time is
ded. With 5(tL) bearing a t-butyl group, the equilibrium is not
ached even after several days. In this case, the steric
indrance is too high and such BB can thus not be considered in
this approach. The K’ values obtained from all the other BBs are
in the same range (0.4-1.3), with less than one order of
magnitude differences, meaning that the corresponding adducts
are roughly isoenergetic. Even if slight differences exist, they are
small enough to suggest that the dynamic library that would be
generated from these different BBs should contain a close
concentration of all the members which is, as discussed above,
a key parameter for application of this reaction for screening.

acid), formation of
HPLC (High Perf
The acyl anchorin

1284.6). Equilibri
The reaction can be

Table 2. Equilibrium constant K and analytical data for the
transthioesterification product obtained from peptide 1 and different BB 5(X).

BB Time Product Molecular Formula MH" K’
[h] (M [Da]) (m/z)

5(F) 3 1(F) CsoHg1N17014S (1283.6) 1284.6 1.1+0.4
5(G) 4 1(G) CsoH77N17046S (1193.5) 1194.6  0.8+0.4
5(A) 3 1(A) Cs3H77N17044S (1207.6) 1208.6  0.5+0.71
5(V) 24 1(V) Cs5Hg1N17014S (1235.6) 1236.4  1.2+0.1
5(L) 24  1(tL)°  CosHauNiOwS (1249.6) 12506 NR*
5(L) 3 1(L) CseHasN17014S (1249.6) 1250.7 0.8+0.2



5(Ai) 24 1(Ai) CsiHreNyz01S (1221.6)  1222.6  0.740.1
5(hA) 4 1(hA)  CsiHzeNisO1S (1221.6)  1222.6  1.1:0.3
5(Y) 4 1(Y) CsoHgiN17015S (1299.6)  1300.6  0.9+0.4
5W) 4 1(W) CoiHg2N1g014S (1322.6)  1323.6  0.8+0.4
5(pG) 4 1(pG)°  CasgHroNiz01S (1269.6)  1270.6  0.5:0.2
5K) 4 1(K) CssHpaN1g01S (1264.6)  1265.6  0.6£0.4
5R) 6 1(R) CssHaaN1s01sS (1264.6) 12656  0.9£0.1
5(hR) 4 1(hR)  CsrHgoN2oO1.S (1306.6)  1307.8  1.3:0.5
5(E) 4 1(E) CssHreN17016S (1265.6)  1266.6  0.4£0.3

* Not reached

To prove the thermodynamic control over the reaction mixture,
evolution of the library composition upon simultaneous (Exp 1)
or sequential (Exp 2 & 3) introduction and equilibration of three
different BBs was achieved (Figure 4).

Time (min)

Figure 4. Study of the reversibility
5(F), 5(K) and 5(A) (= Exp 1); 5(F),
5(K) then 5(F) (= action sch
280 nm on the botto

e acyl exchange between 1 (1mM) and
5(K) then 5(A) (= Exp 2); 5(A), then
on the top and RP-HPLC traces at

(Exp 1) peptide 1 was treated
of 5(F), 5(K) and 5(A), leading at
of 1, 1(F), 1(K) and 1(A) in
respectively 25, 32, 18 an b, as determined from the RP-
HPLC peak areas. Two other series of experiments were
performed in parallel, in which scaffold 1 (1 mM) was first

experime
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reacted with 1 equiv. of either 5(F) (Exp 2) or 5(A) (Exp 3). After
16h, 1 equiv. of 5(K) was introduced in each reaction mixture,
and after 16 additional hours, the third BB, respectively 5(A) in
Exp 2 and 5(F) in Exp 3 were ad Upon each addition step,
the reaction mixture was analyze -HPLC and shows a
reorganization of the library mixture, wit mation of a new
adduct obtained from the added BB, nse of the
adducts already present i e libr The am8unt of each
adduct obtained in the di ments are quite similar,
unambiguously establishing the r ility of the exchange.

Having established i i of e nature of amino
acids side-chains he thioester exchange
reaction, the next hat the dynamic of the
exchange is not m ity of another side-chain
hich extend interactions

First, 2 or 3 (1 mM) were reacted
with a single BB, 5(A) o ) at different ratios (4, 6 or 9 equiv.)
in the conditions reported above. The reaction was followed by
me. (Figure 5A and B for 2, see Sl for 3)

1/pH 7.5, TCEP (10 mM)

i 20 (0.4 1%) 6) 6 3] 6
e 2 o) 2(A%) 2(L9) 2(A°L%)
MecNO (hz) M 1239.6u M 1281.6u . _ M 1337.6u
- A o
, 2(A3A8) 2(L3LS) et Ay
M 1295.6 u M 1379.7 u s
; 5
L LR LR V.S
AL 2(A3) 2(L3) 2(L3AS)
5(L) M 1239.6 u M 1281.6u M 1337.6u
) L
4 equiv. 5(A) -
Zo0- —soauvs ) (L Mtz mz (4]
Skl 9 equiv. 5(A) R \\‘; o
MH* m/z \
12407 b
Seob  4equiv.5(L)
Z50F — 6equiv.5()
E40F — 9equiv. 5(L)
30
20
10
o 1 - 1 1 1 - - 1
0 2 4 6 8 10
= 2 equiv. 5(A) +2 equiv. 5(L . )
ER ] 93315. 5£A; i3 53315. 58 L wHma
E 40 F — 4.5equiv. 5(A) + 4.5 equiv. 5(L) MH* m/z 1338.8
30 F 1338.8 1 \
\ .
10 £ M k_,_/\../\
o L 1 1 L 1 -
0 2 4 8 10

6
Time (min)

Figure 5. Reaction of 2 (1 mM) and 5(A) or 5(L) or both 5(A) and 5(L) (4, 6 or
9 equiv)., reaction scheme on the top and RP-HPLC traces at 280 nm on the
bottom.

In both cases, the reaction leads in the first hour to two new
HPLC signals in approximately equal amount, corresponding to
the acylation of one of the two free cysteines, 2(X%)/2(X%) or
3(X%)/3(X®), respectively for 2 and 3 (the number in superscript
indicates the position of the grafted side-chain). Then, the bis-
acylated adducts 2(X*X®) or 3(X*X®) were formed, leading at
equilibrium (around 12h) to the four compounds in different
amount depending on the quantity of BB used in the reaction.
Assignment of the sequences was achieved by MALDI-TOF MS



(Matrix Assisted Laser Desorption/lonisation Time-of-Flight
Mass Spectrometry). Identification of the isomeric peptides
attached to the same acyl derivatives but in different positions
can be obtained by MS/MS. For example, the two signals
observed at 8.3 and 9.1 min in the RP-HPLC analysis of the
mixture obtained from 2 and 5(L), with the same m/z value
(1282.6), were submitted to MS/MS fragmentation and could be
assigned to 2(X®) at 8.3 min and 2(X®) at 9.1 min.”®! The K’
values for each product was calculated according to its
concentration at equilibrium. (Table 3) In both cases equilibrium
constants for the acylation of each of the two thiol groups at
Cys® and Cys® or Cys® (respectively for 2 and 3) are very similar
suggesting that the position of the thiol on the scaffold surface
has no influence on its reactivity. Moreover, the equilibrium
constant of the first and second acylation step, are in the same
range, meaning that the presence of the first side chain does not
prevent (or favor) the second grafting step. Concerning the
nature of the anchored side chains, while the K' values are
nearly identical for 2, in the case of 3 the thiol/thioester
equilibrium is slightly more shifted towards the acylated species
when leucine side chain is used (K’ = 3), compared to alanine (K’
=~ 1), suggesting a stabilization of the grafted peptides in this
case. This stabilization is probably due to favorable hydrophobic
interactions between the hydrocarbon side-chain and the
peptide backbone and/or side chains. However, the difference is
small and should not compromise the observation of all adducts
for libraries made of the two BBs. Indeed, when 2 or 3 are
treated simultaneously with 5(A) and 5(L) (2, 3 and 4.5 equiv gof
each) the eight expected peptides, including those be
mixed A and L side-chains combinations are observ a
equilibrium in quite similar amount. (Figure 5C for 2, see Sl for
3) The variations observed in the K values may, be
compensated by adjusting the concentrations of the
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m 1/pH 7.5, TCEP (10 mM)
Tween 20 (0.4 mol%)
4 2/ TFA (1%) .
MeCN/H,0 (pH 2) 4 5
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- OH $
o,“\ L
5(L) M 12316 u
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Figure 6. Reaction of
scheme on the top and R

5(L) using 10 equiv. or 40 equiv. of 5(L): reaction
| C traces at 280 nm on the bottom,

The amount of each compound depends mainly on the ratio of
BB to scaff used in the experiment as expected for a
rmodynaélly controlled process. Composition of the library

be thus Tailored by controlling this ratio. The K’ values were
lated for each family of isomers bearing, one, two, three
r side chains. (Table 4)

e 43 m constant K’ for the transthioesterification of 4 with a single
BB 5(X).

BB t

Equilibrium Constant K’

‘ [h]  Mono- Di- Tri- Tetra-
— acylation acylation acylation acylation
Table 3. Equilibrium constant K’ for the transthloestenflca of scaff
and 3 with a single BB 5(A) or 5(L) 4 0.4+0.2 0.6£0.1 0.40.1 0.2+0.1
Sca BB Equilibrium Constant K’ lA) 16 0.4%0.2 0.8+0.2 0.420.1 0.2+0.1
Acylation at Acylation at Acylatlon at 5(|_) 9 1.320.1 1.2+0.2 0.7+0.1 0.2+0.1
Cysﬁ/B Cys3 Cys and Cys
5(K) 16 1.6x0.5 0.6+0.2 0.2+0.1 0.1+0.01
2 5(A) 0.6+0.1
5(L) 0.60.4 In general, the K’ for the three first acylation steps are quite
similar (for example K’ = 1 for the mono- di and tri-acylated
3 S(A) 1£0.5 product with 5(L)), but a slightly smaller value is obtained for
5(L) compounds decorated with 4 side chains (K’ = 0.2 with 5(L)).

BB individually, 5(G), 5(A),
in each case to 15 new
ne, two, three or four
. (Figure 6 shows the data

Here again the difference is quite small (one order of magnitude)
and might be attributed to the steric hindrance obtained on the
scaffold surface for the tetra-acylated compound. For cationic
side-chain (4(K)), electrostatic repulsion of the side chains on
the scaffold surface adds to the steric effect. The resulting
differences obtained in the proportion of the library’s
components are however quite small and in the range of
discrepancies usually observed for more traditional two or three
components DCC system, for which detection of target-induced
amplification has been demonstrated.”® The incomplete S-
acylation is not surprising since in general multivalent assembly
of a number of BBs onto a single scaffold is disfavored for
entropic reason. However, it has been shown on similar systems
that this can be counterbalanced in the presence of a target in a
DCC experiment and should not compromise the screening of



such a library." Actually, libraries for which potential binders are
present at a lesser extent in the absence of a target are the best
suited for the detection and quantification of ligands in a
template-induced amplification process because of the larger
difference in the proportion obtained in the presence and
absence of the target in this case.®

Finally, the combinatorial aspect of the reaction was studied by
mixing 4 with 5(L) and 5(A) simultaneously (20 equiv. of each) in
the established conditions, leading theoretically to a library of 81
peptides. (Figure 7)

i N2 R
AcHN A 3
O pH 7.5, TCEP (10 mM) /AN m m
Ioa MPRGS™ M asesru R R
n;\aj\%sn 5&, MeCN/H,0 (pH 2) -
+ -~
o7 NG
o 3 e
A non L m ﬂ\\)b p\/b M m
s M 1357.5u Py
AL ] NN N X G
- S PSS
Acin M 14416 u
s M 1399.6 u / M 1483.7u
H
1 4L) "
) oof 4(A) |
T 8o0f ) A
3 60 | Ry A \ 2
§ ol l ] \ AN
8 20 B
< 0 — e R —
20 .
2 4 6 8 10 12 14

time (min)

Figure 7. Reaction of 4 with 5(L) and 5(A) (20 equiv. of each BB): rea
scheme on the top and RP-HPLC traces at 280 nm on the bottom. Only,
acylated adduct obtained as major compounds are indicated.

The equilibrium is reached after 8h. Isolation and
allowed identifying mono-, di-, tri- and tetra-acylate
Even if in this case we have not optimize
conditions in order to assign the analytical sj
isomers, analysis of the reaction mixture shows
variety of combinations is present at equilibrium with the
bearing three or four side-chains being obtained as maj
compounds as expected for a library made from large excegs of
BB. Identification of all analytical gignals is a priori
mandatory to find new hits. For
reported so far contains 9000 memb
a library almost all compounds co-elute
amplification by a template w
allowed identification of the a
isolation of the complex for

tide 3D conformation, peptide
side chains was prepared on
spectra obtained for this
to peptide 4, suggesting
ring does not disturb the peptide

peptide show simi
that side-chains a
conformgtion.?®

In conclusion, we have successfully designed an efficient, robust
and original strategy to generate dynamic libraries of peptides
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with a well-defined 3D structure by combining a rationally
designed 3D peptide scaffold with a dynamic combinatorial
chemistry approach to graft amino acid side-chains on the
peptide surface. A huge diversity, side-chains combinations
could be obtained in this system g on the number and
nature of BBs used to generate the libra mic libraries are
in principle responsive to external
demonstrated that the diff

peptidesYobtained by
hly isoenergetic, we can
represent a powerful

screening tool in
and particularly in the
ction inhibition.

different relevant
challenging field off

were purchased form commercial
suppliers an rther purification. The amino acids
used for peptides synthesis were purchased from Iris Biotech
GmbH as follow: Fmoc-Arg(Pbf)-OH (Pbf= 2,2,4,6,7-
pentamethyldihydrobenzofuran-5-sulfonyl),  Fmoc-Cys(Trt)-OH
= trityl)!moc-AIa-OH, Fmoc-Gly-OH, Fmoc-Lys(Boc)-OH
= tert-butyloxycarbonyl), Fmoc-Pro-OH, Fmoc-D-Pro-OH,
Fm3@Trp(Boc)-OH. Flash chromatography (FC) was performed

. jlica gel Merck 60 with 0.040-.063 um on a Grace
apparatus. Analytical thin-layer chromatography
rformed using silica gel Merk 60 on aluminia,
visualised UV fluorescence at 254 nm and revealed with:
phosphomolybdic acid (10% solution in absolute EtOH),
bromocresol green (0.04% solution in absolute EtOH slightly
ised with 0.1M aqueous NaOH), ninhydrine (0.3% in n-
AcOH) or p-anisaldehyde. The peptides were
hesized by manual SPPS in polypropylene manual
posable reactors with plunger and frit, pore size 25 um, with
emovable PTFE (PolyTetraFluroEthylene) stoppers, purchased
from Multisyntech GmbH. Preparative scale purification of
peptides was performed by reverse phase HPLC on a Waters
systems consisting of a binary pump (Waters 1525) and a dual
wavelength UV/Visible Absorbance detector (Waters 2487),
piloted by Breeze softwares using the following columns:
preparative Macherey-Nagel Nucleodur (RP C18, 250 x 16 mm,
5 um, 300 A) from AIT. Analytical RP-HPLC were performed on
a Dionex system consisting in an analytical automated LC
system (Ultimate 3000) equipped with an autosampler, a pump
block composed of two ternary gradient pumps and a dual
wavelength detector, piloted by a Chromeleon software. The
analyses were performed on a Proto 200 (RP C18, 100 x 4.6
mm, 3 um, 200 A) from Higgins-Analytical Inc. using as eluent A,
H,O containing 0.1% of TFA and as eluent B, CH3CN containing
0.1% of TFA, at a flow rate of 1 mL/min. UV detection was done
at 220, 280 nm, 350 nm or 415 nm. NMR spectra were recorded
on Brucker Avance Ill nanobay 300 MHz or 400 MHz
spectrometers. Peptides were characterized by MALDI-TOF MS
(DE-Pro, PerSeptive Biosystems) in positive ion reflector mode
using the CHCA matrix. ESI (ElectroSpray lonization) MS and
MS/MS analyses were performed on a Synapt G2-S instrument
equipped with UPLC (Ultra Performance Liquid Chromatography,
Waters Corporation, UK). For the separation, a gradient with

(TLC) W




H,O containing 0.1% of FA (= Formic Acid) as eluent A and
CH3CN containing 0.1% of TFA as eluent B was applied, from
20% B to 55% B in 13 minutes at a flow rate of 0.5 mL/min on a
C18 column (Kinetec EVO, 10x21mm, 2.6um). UV detection was
done at 220 and 280 nm. For the MS/MS experiments, the m/z
ion, always the doubly charged compound [MH,]**, was selected
and submitted to collision energy (CE) ramp between 25 and 55.
MassLynx software was used for data acquisition and
processing. Optical rotations were determined at 20°C on a
JASCO P-2000 polarimeter equipped with a 10 cm path length
cell.

Peptides Synthesis
2-Chlorotrityl chloride resin (1.0 g, 1.6 mmol) was swollen with
dichloromethane (DCM) for 30 min. and a solution of the Fmoc-
protected amino acid (0.8 mmol, 0.5 eq.) and
diisopropylethylamine (DIEA) (348 pL, 2 mmol) in DCM (10 mL)
was added. The suspension was shaken at room temperature
for 3 hours then washed with a mixture of DCM/MeOH/DIEA
(17:2:1, 3 times), DCM (3 times), dimethylformamide (DMF) (3
times), DCM (3 times), and MeOH (3 times) then dried under
vacuum. The determination of the amino acid loading was
achieved by calculating the ratio between the quantity of amino
acid used in millimoles and the mass of dried resin in grams.
The loading of the resin was approximately of 0.5 mmol/g. The
amino acid chain elongation was performed manually starting
from 0.25 mmol of resin. The resin was first swollen in DCM for
30 min. and washed with DMF (3 times). The N-terminal Fmgc
groups were removed by treatment with a 20 % solutio,
piperidine in DMF. Followed by draining and washing wit
(3 times). Standard N-Fmoc protected amino acids (1.0 mmol, 4
eq.) and HBTU
tetramethyluronium hexafluorophosphate) (360 mg,
3.8 eq.) were dissolved in 7 mL of DMF and DIE
mmol, 8 eq.) was added. The activated amino
transferred to the resin and couplings were p,

hexafluoroisopropanol (= HFI
once again for 30 min. Th
times). The cleavag
gathered and the ts were re
pressure. The residue oX@ned from the vage step was
dissolved in about 30 mL of DMF. HATU (1-
[bis(dimethylamino)methylene]@l-1,2,3-triazolo[4,5] pyridinium
3-oxide hexaflu , 0.24 mmol, 0.95 eq.) and
DIEA (580 pL, 3. added. The mixture was
stirred overnight at temperatur der argon atmosphere.
der reduced pressure to dryness. The
ization step was treated with about
TIS (triisopropyl silane) /EDT (1,2-
ethylendithiol) ( stirred at room temperature for
3 hours under argon atmosphere. Volatiles were removed under
reduced pressure. The deprotected peptide was precipitated by

ing solutions were
nder reduced
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dropwise addition of the dark oily residue to cooled Et,O and
centrifugation at 8500 rpm for 5 min. The Et,O was removed and
the same operation was repeated twice. The crude product was
dissolved in a H;O/CH;CN/TF 90/10/0.1) mixture and
lyophilized prior to purification D PLC. The collected
fractions were combined and lyophilize d the peptide as
a powder.

1M NaOH solution, then
he volume was adjusted
zing the solution for 15
peptides stock solutions
red. The libraries were

with distilled water
min. BBs stock sol
at 10 mM c
generated by

was monitored by collecting 20 yL
of the mixture, diluted ¥2 mM of peptide concentration with
80 pL of a quenching mixture (H,O/ CH3;CN/TFA; 50:50:0.1) and
fidally analy. by analytical RP-HPLC analysis. An analytical
h HPLC peak was collected and characterized by
MMRADI-MS.
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Side Chains Dynamic Library

An efficient access to large libraries of conformationally defined peptides is reported, usin
to graft amino acid’s side-chains in defined arrangement on a well-ordered 3D pepti

chemical system that ensures the scrambling of side-chains on a pre-organized scaff
ligand screening.

chemistry as a tool
ort here the design of a
ergetic library useful for



