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Abstract: In this work we developed two new polyfunctional hybrid systems, in which the presence
of Fc redox "antennas" on peptide scaffolds allows a modulation of their electronic properties.
Specifically, we synthesized two helical hexapeptides containing four Aib (a-amionoisobutyric
acid) and two t-Dap (2,3-diamino propionic acid) residues. 1-Dap side chains were then
functionalized with Fc moieties. The structures of the two 310 helical peptides, namely Z-Aib- -
Dap(Fc)-Aib-Aib- 1-Dap(Fc)-Aib-NH-iPr and Z-Aib-i-Dap(Fc)-Aib- 1-Dap(Fc)-Aib-Aib-NH-iPr,
were investigated by X-ray diffraction, 2D-NMR, CD and IR spectroscopies. Due to the helical
conformation, in Z-Aib- t.-Dap(Fc)-Aib-Aib- .-Dap(Fc)-Aib-NH-iPr the Fc groups are located on the
same face of the helix, in Z-Aib- -Dap(Fc)-Aib- -Dap(Fc)-Aib-Aib-NH-iPr on opposite faces.
Surprisingly, two bands were found in DPV for Z-Aib- t-Dap(Fc)-Aib- .-Dap(Fc)-Aib-Aib-NH-iPr,
indicating electrostatic interaction between the Fc groups despite their longer reciprocal distance
with respect to that in Z-Aib- 1-Dap(Fc)-Aib-Aib- 1-Dap(Fc)-Aib-NH-iPr. CD experiments at
different concentrations evidenced aggregation for Z-Aib- L.-Dap(Fc)-Aib- .-Dap(Fc)-Aib-Aib-NH-
iPr even at high dilution, thus suggesting that the Fc-Fc electrostatic interaction could be of
intermolecular nature.

Keywords: ferrocene; peptide; cyclic voltammetry; X-ray diffraction

1. Introduction

Systems containing both ferrocene (Fc) and biomolecules, such as amino acids, peptides, and
nucleic acids, arise in conjugated organometallic compounds possessing novel properties. For
instance, Fc-peptide conjugates were synthetized to exploit the intramolecular H-bonding network
of foldamers and the Fc redox properties with the aim at studying the electronic interactions in
peptide chains.

Bio-organometallics containing pendant ferrocenyl peptide conjugates were widely investigated
[1-22] allowing the design of systems with new redox activated properties among which potential
bio-inspired electronic materials [9], changes in the self-assembly [12] and sensory applications
[13,14,19].

In particular, we have functionalized with one Fc group, acting as a probe, peptides displaying
different secondary structures, such as 31-helices [23,24] with a-amino isobutyric acid (Aib) [25] or
L-2,3-diamino propionic (t-Dap) acid [26], and the 2.0s-helix [24,27] based on C*f-didehydroalanine
(AAla) [28]. Conversely, there are only few reports of bis-ferrocenyl peptides. To our knowledge, the
unique examples of end-capped homopeptides were reported by us, namely Fc-CO-(Aib)a--NH-Fc (1
= 1-5) [29], Fc-CO-(AAla)»-NH-Fc (n = 1-4) [30], Fc-CO-[L-Dap(Boc)]--NH-Fc [31]. Besides, two

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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dinuclear ferrocene-based conjugates containing a sequence of two amino acids (Fc—CO-L-Pro-t1-
Ala-NH-Fc and Fc-CO-bp-Pro-p-Ala—NH-Fc) were synthetized by Nuskol et al. [32]. An
intramolecular Fc-N-H--O=C-Fc hydrogen bond (p-turn) [33] is responsible for dipeptide folding.

By exploiting the terminal, redox-active Fc groups, utilizing electrochemical techniques, we were
able to investigate the end-to-end effects of the positive charges generated by single and double
oxidations. We demonstrated that charge transfer along the peptide chain is hugely affected by nature
and length of the peptide 3D-structure.

The aim of the present work is the synthesis of new polyfunctional hybrid systems behaving as
“electron reservoirs”, in which the simultaneous presence of Fc redox "antennas” inserted on peptide
scaffolds can allow a realistic modulation of their electronic properties as a function of the applied
electric potential. In particular, we designed and synthesized two helical hexapeptides containing
different Aib/1-Dap sequences but each with two Fc moieties covalently bound. The 1-Dap side chain
allowed the introduction of the Fc functionality. This is the first example of a helical peptide
containing two Fc moieties appended laterally and not at the peptide ends, as so far reported by us
and others. Aib, a highly helicogenic amino acid, was used exactly with the purpose to promote and
stabilize the peptide helical structure, and in particular a 310-helix.

The two hexapeptides have the following sequence: Z-Aib-.-Dap(Fc)-Aib-Aib-i-Dap(Fc)-Aib-
NH-iPr (1) and Z-Aib-1-Dap(Fc)-Aib-i.-Dap(Fc)-Aib-Aib-NH-iPr (2) (Scheme 1).
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Scheme 1. Molecular structures of the two Fc-hexapeptides investigated.

The two ferrocenes are linked to the side chain of .-Dap at reciprocal position 1,4 and 1,3. Due
to the peptide conformation, a 310-helix, the Fc groups are expected to be spatially placed on the same
side of the 310-helix in 1 and on opposite sides in 2, as clearly shown in Figure 1.
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Figure 1. Molecular models of 1 and 2 folded into a 310-helix.

Information on peptide secondary structure in solution was obtained by means of NMR, IR and
circular dichroism measurements. We were also able to determine the solid-state conformation of an
intermediate peptide, namely Z-Aib-.-Dap(Boc)-Aib-NHiPr, by means of single-crystal X-ray diffraction
analysis.

The metal-metal electronic interaction was assessed by electrochemical studies (CV and DPV).

2. Results and Discussion

2.1. Peptide Synthesis

The peptides were synthesized by solution methods, step-by-step, starting from the C-terminal
residue. The formation of all amide bonds was achieved by activating the carboxylic function with
EDC [1-ethyl-3-(3-dimethylaminopropyl)carbodiimide] in the presence of HOBt (1-
hydroxybenzotriazole). HOBt is a racemization suppressant, but it has also a catalytic effect towards
the amide bond formation [34]. Therefore, it was used also in the coupling steps involving the achiral
Aib residue. Yields were in general above 70%. This is a satisfactory result in view of the presence of
four, sterically-hindered Aib residues in each hexapeptide. Only in the last step of the two
hexapeptide syntheses, i.e., the one-shot incorporation of two bulky Fc moieties, we obtained
moderate yields (35% and 34%). In both cases a silicagel flash chromatography was required to isolate
the pure, doubly Fc-labelled hexapeptides. Experimental details of the synthetic procedures and
characterizations of the peptides synthesized are given in the Supporting Information.

2.2. Crystal-State Conformational Analysis

The molecular structure of Z-Aib-i-Dap(Boc)-Aib-NHiPr, as determined by single-crystal X-ray
diffraction analysis, is illustrated in Figure 2 with atom numbering. Relevant crystal data and
structure refinement parameters are listed in Table S1.

Relevant backbone and side-chain torsion angles are listed in Table S2. Intra- and intermolecular
H-bond parameters are reported in Table S3.

The peptide backbone is folded and stabilized by two intramolecular N-H:--O=C H-bonds, one
between the N3-H group and the OO0 urethane carbonyl oxygen, and the other between the C-
terminal isopropylamido NT-H group and the Aib(1) carbonyl oxygen (Figure 2 and Table S3).

Two consecutive B-turns [33] are thus formed, which give rise to an incipent 31-helix [23].
Indeed, the sets of ¢,y backbone torsion angles adopted by Aib(1) [¢1,y1 = -51.5(2)°, -37.7(2)°], t-
Dap(2) [¢2,y2 = —64.3(2)°, —26.2(2)°], and Aib(3) [¢3,y3 = —77.9(2)°, =15.9(3)°], are not far from those of
a regular, right-handed 310-helix (¢, = -57°, =30°) [24] . The largest distortion is shown by Aib(3),
with ¢,y values in between those typical for the i+2 corner position of type-III f-turn (the building
unit of the 310-helix) and type-I (¢,y = -90°, 0°) [33].


https://doi.org/10.20944/preprints202311.0936.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 November 2023 doi:10.20944/preprints202311.0936.v1

Figure 2. X-Ray diffraction structure of Z-Aib-.-Dap(Boc)-Aib-NHiPr. Most of the H-atoms are
omitted for clarity. Anisotropic displacement ellipsoids for the non-H atoms are drawn at the 30%
probability level. The two intramolecular N-H:-O=C H-bonds are indicated by turquoise lines.

As for the N" Boc-protected side chain of the .-Dap residue, the ¢! torsion angle is found in the
g* disposition, and the value of the torsion angle about the CF—N" bond is 107.0(2)° (Table S2). As a
result, the potential H-bond donor and acceptor of the protected r-Dap side chain point away from
the peptide backbone. In conclusion, the crystal state structure of this tripeptide amide supports the
scope of our design, i.e., building stable 310-helical structures to the side of which append the Fc
groups.

2.3. Solution Conformational Analysis

We investigated the preferred conformation of 1 and 2 in a solvent of low polarity (CDC1s) by
means of FT-IR absorption and 'HNMR. We also carried out circular dichroism measurements, but
in this case we used MeOH as solvent because chloroform does not allow to examine the amide
absorption region (190-250 nm), not being transparent at those wavelengths.

Figure 3 shows the FT-IR absorption spectra in the N-H stretching region (amide A) of Fc-
hexapeptides 1 and 2 and of their shorter intermediates (from dimer to hexamer) at 1 mM
concentration in CDCls. In most cases two bands are present above 3400 cm (free, solvated NH
groups) and one major band in the range 3375-3310 cm™ (H-bonded NH groups). The intensity of the
low-frequency band increases and, concomitantly, the absorption maximum shifts to lower
wavenumbers as the main-chain length increases. At 0.1 mM concentrations only minor changes
occur in the spectra (Figure S2). Therefore, the observed H-bonding bands below 3375 cm should be
interpreted as arising almost exclusively from intramolecular NH---O=C interactions. This conclusion
clearly supports the view that Fc-hexapeptides 1 and 2 adopt a helical conformation, most likely of
the 310 type. Indeed, at the level of the dipeptide amides, Z-L-Dap-Aib-NHiPr and Z-(Aib)>-NHiPr
(“di” in Figure 3, left and right panel, respectively), a B-turn is clearly formed. Obviously, it is more
stable for Z-(Aib)>-NHiPr (“di” in the right panel) because of the presence of two, turn inducers, Aib
residues. The absorptions above 3400 cm™ are ascribable to the N-terminal amide NHs, not involved
in a B-turn or a 3w-helix, and to the Dap side-chain amide or urethane NHs.

Interestingly, while the H-bonding band at about 3320 cm is relatively sharp for 1, in the case
of 2 it is wide and displays a shoulder at about 3350 cm. Taking into account that the solution of 2
was cloudy, very likely the shape of the curve is due to aggregation. When this occurs through
NH:--O=C intermolecular H-bonds, a tenfold dilution dissolves the aggregates and the curves change
dramatically. However, this is not the case for 2: at 0.1 mM peptide concentration the broad curve is
still there (Figure S2). Therefore, it is possible that 2 forms aggregates through n---x stacking of the Fc
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moieties appended to the peptide side chains. Indeed, it is reasonable to assume that 2 behaves
differently from 1 if we consider the spatial arrangements shown in Figure 1.
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Figure 3. FT-IR spectra in the amide A region of the Fc-hexapeptides 1 (left) and 2 (right) and of their
shorter intermediates, from the dipeptide to the hexapeptide. Peptide concentration: 1 mM in CDCls.

We were able to assign the 'H resonances of all Fc-peptide conjugates by 2D-NMR analysis. In
particular, we evaluated the conformational preferences of 1 in CDCls solution. A helical structure is
clearly present. Indeed, we observed sequential cross-peaks ¥#CHi—NHi« and NHi—NHi« (Figure 4)
and two long range “#CHi—NHi:2 connectivity. These cross-peaks, involving Dap? and Aib¢*(data not
shown), and Aib! and Aib? (Figure 5) are typical of the 310-helix. This finding is in agreement with the
conformational properties observed in our FT-IR absorption analysis and also detected by CD

spectroscopy.
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Figure 4. Amide protons region of the NOESY spectrum of 1 in CDCls solution, T=25°C.
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Figure 5. CF/NH region of the NOESY spectrum of 1 in CDCls solution, T=25 °C.

Under the same conditions, peptide 2 exhibited high overlapping of signals in the amide region,
thus preventing a complete assignment of all resonances. This evidence may be ascribed to
aggregation phenomena, in agreement with the conclusions of our FT-IR and CD analyses.

The far-UV CD spectrum of 1 in methanol solution (Figure 6) displays two negative maxima at
218 and 205 nm, assigned to the n — m* transition and to the parallel component of the m — m*
transition. The positive maximum at 190 nm is due to the antiparallel component of the m — m*
transition. The presence of these three bands denotes that a peptide is folded into a helix, of type a
or 3uo.
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Figure 6. Left: far-UV CD spectra of 1 (red) and 2 (blue) at 0.5 mM concentration and of 2 at 0,1 mM
concentration in MeOH. Right: near UV and visible CD spectra of 1 and 2 at 0.5 mM concentration in
CHsOH.

At 0.5 mM concentrations, both peptides display the typical curve of a helical peptide (Figure 6
left). However, for 2 the intensity of the maximum at 220 nm is more pronounced than that at 205
nm. The 020/0205 ratio is much higher than 1. This behavior is usually attributed to peptide
aggregation [35,36]. Indeed, upon dilution the 0220/0205 ratio drops below 1, thus confirming the
hypothesis of aggregation for 2 at 0.5 mM concentration.

The CD spectra in the 300-600 nm region display a similar behavior for both compounds with
two positive maxima at 344 nm and 407 nm together with two negative maxima at 307 nm and 468
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nm, arising from the achiral Fc chromophore transitions (Figure 6, right panel). These induced CD
bands are brought about by the ordered conformation of the host peptide. At 322 nm and 420 nm,
corresponding to the UV absorptions of the ferrocene moiety, the CD signal for both compounds
cancel out due to the Cotton effect.

2.4. CV and DPV Analysis

Ferrocene is known to be very stable in solution and air, easy to functionalize and displays a
reversible electrochemical behavior, making it suitable in labeling biomolecules [37]. Moreover, the
electrochemistry of Fc-peptides gives insights on effect of folding and length of the peptide chain [25-
32].

Cyclic voltammetry (CV) of the bis-Fc hexapeptides 1 and 2, recorded under argon in CH2Cl2/0.1
M nBusNPFs at potential scan rates in the range 0.1-5 Vs, shows reversible oxidation waves with
oxidation potential Ep =0.54 and 0.62 V vs SCE, respectively. (Figure 7a), consistent with the chemical
reversibility criteria in the range of scan rates of 0.1-5 V s as they all showed cathodic/anodic peak
current ratios of ia/ic = 1.

=

1
2
I - - - Fit peaks of 2]

1fz 0?8 0?4 0?0
Potential (Volt vs SCE) Potential (Volt vs SCE)

(a) (b)

Figure 7. (a) Cyclic voltammetry, scan rate 0.1 Vs, and (b) DPVof 1 (bold red line) and 2 (bold blue
line) in CH2Cl2 containing 0.1 M nBusNPFs as the supporting electrolyte; Au disk electrode (d = 0.5
mm); T =20 °C. The current i is normalized according to the equation: iv'2c, as for to a diffusion-
controlled current variation, with concentration c=0.4 and 1.7 mM.

However, at first glance, a comparison of the two curves suggests the presence of an incipient
splitting in 2, thus implying that the ferrocenyl groups are electrochemically distinguishable in this
peptide. However, the 2:1 (1.97) ratio of the two peaks areas (0.67 and 0.58 V), evidenced by Gaussian
deconvolution of the differential pulse voltammetry (DPV) analysis reported in Figure 7b, indicates
the two different species are present.

The FT-IR and CD analyses indicate that 2 undergoes to intermolecular aggregation. Therefore,
the splitting of the DPV peak may arise from different, intermolecular electrostatic interactions
between Fc groups belonging to different peptide molecules.

A possible interpretation of the DPV peaks is sketched in Figure 8, which could explain the 2:1
ratio. In fact, the aggregation of three peptides 2 in an antiparallel orientation (Figure 8a), would
result in two different relative position of Fc, the one having two couples of Fc in close proximity
(red) interacting through stacking and responsible of a 1:1 splitting of the DPV peaks at Ep = 0.54 and
0.62 V due to electrostatic interaction (two one electron waves), the other possessing two far-away
disposed Fc (blue), causing a single peak superposed at 0.54 V (one two-electron wave). Conversely,
aggregation of only two peptides (Figure 8b) should arise a 3:1 ratio.
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Figure 8. Schematic representation of possible aggregation modes of 2.

2.5. Vis-MIR-IR Chemical Oxidation

The oxidized species production was examined in the visible (Figure 8) and IR (Figure 9) regions.
Stable solutions of 12+ and 22 in CH2Cl>/0.1 M nBusNPFs were obtained by succesive addition of
increasing amounts of acetylferrocenium[BF4] (up to 2 equivalent) to the the neutral peptides. In the
visible region, the absorption band appearing at 620 nm is due to the Fc*-CO- group [26]. For example,
the visible spectra acquired by the stepwise oxidation of 1 (bold black line, Figure 9) clearly indicates
the formation of 1>* dication (bold red line) due to the simultaneous oxidation of both Fc groups.

3
1+ 0.2 eq AcFcBF,

1+ 0.4 eq AcFcBF,
1+0.6 eq AcFcBF,
1+0.8 eq AcFcBF,
1+1.0 eq AcFcBF,
1+1.25 eq AcFcBF,
1+ 1.5 eq AcFcBF,
1+1.75 eq AcFcBF,

1 +2.0 eq AcFcBF, (1)

&l M'em™

T T T T T 1
400 500 600 700 800 900

Al nm

Figure 9. Visible absorption spectra in CH2Cl>/0.1 M nBusNPFs of 1 obtained by oxidation of the
neutral parent compound with up to 2 equivalent of acethylferrocenium [BF4]. ¢ = 3.0 mM.

Upon oxidation with acetylferricinum of 1 and 2, the bands in the range 3440-3400 cm™, due to
a non H-bonded amide N-H (Dap side-chain NH and the two N-terminal amide NH) are insensitive
to oxidation, (Figure 10a,b). As for the amide A of 1 at 3315 cm™ (NHpepytibond), arising from the
intramolecular H-bonds stabilizing the peptide helix,, a split in two components is observed. It
suggests a release (3343 cm') and a reinforcement (3285 cm!) of H-bond due to the presence of the

positive charges on Fc groups, with a fast equilibrium between bonded and non-bonded
conformations.
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Figure 10. IR absorption spectra in the amide A region, in CH2Cl2/0.1 M nBusNPFs of 1** (a) and 2% (b)
obtained by addition of 2 equivalent of acethylferrocenium[BF4] to 1 and 2. c=1.4 mM.

This splitting is absent the amide A band of 2 at 3330 cm? (NHpep/r-bond), indicating that the H-
bonds stabilizing the helical conformation are not affected by the presence of the positive charges.

3. Materials and Methods

3.1. Synthesis and Analyses

The synthesis of the peptides were performed by solution methods in an oxygen and moisture-
free atmosphere. Solvents were dried by reflux over the appropriate drying agent and distilled under
stream of argon. Ferrocenecarboxylic acid was Alfa Aesar product, 1-hydroxy-benzotriazole hydrate
(HOBt), diisopropylethylamine (DIEA) and 2-aminopropane were Sigma Aldrich products, 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide (EDC), and Noa-benzyloxycarbonyl-N{-(t-
butyloxycarbonyl)-L-2,3-diaminopropionic acid [Z-i.-Dap(Boc)-OH] were Iris Biotech products. Z-
Aib-OH and Z-Aib-NHiPr were prepared by reported procedure. Microanalyses were performed at
the Department of Chemical Sciences, University of Padova. MS spectra were obtained using an
Agilent 6130 ESI-TOF mass spectrometer coupled to a HPLC system, collecting data in the positive
mode. All compounds were analyzed by analytical HPLC and were >95% pure.

3.2. X-Ray Diffraction

Crystals of Z-Aib-.-Dap(Boc)-Aib-NHiPr were grown by slow evaporation from an ethyl acetate
/ hexane solvent mixture. X-Ray diffraction data were collected with a Gemini E four-circle kappa
diffractometer (Agilent Technologies) equipped with a 92 mm EOS CCD detector, using graphite
monochromated Cu Ka radiation (% =1.54184 A). Data collection and reduction were performed with
the CrysAlisPro software system (version 1.171.40.60a, Rigaku Corporation, Wroclaw, Poland). A
semi-empirical absorption correction based on the multi-scan technique using spherical harmonics,
implemented in the SCALE3 ABSPACK scaling algorithm, was applied. The structure was solved by
ab initio procedures of the SIR 2014 program [38]. The trial solution with the best combined figure of
merit allowed location of all non-H atoms. Refinement was carried out by full-matrix least-squares
on F?, using all data, by application of the SHELXL-2014 program [39], with anisotropic displacement
parameters for all of the non-H atoms. H-Atoms were calculated at idealized positions and refined
using a riding model. Relevant crystal data and structure refinement parameters are listed in Table
S1. CCDC 2306243 contains the supplementary crystallographic data for this paper. The data can be
obtained free of charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/structures.

3.3. Nuclear Magnetic Resonance

'H spectra were obtained on a Bruker Avance NEO-600 spectrometer operating at 600 MHz
equipped with a Prodigy cryoprobe and on a Bruker Avance III HD spectrometer operating at 400.13
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MHz (T=298K). The peptide concentration in solution was 1 mM in spectrograde CHCls-d1 (99.8 % di
containing 0.5 %wt. of silver foils as stabilizers and 0.03 % (v/v) tetramethylsilane - Sigma Aldrich)
and DMSO-ds (99.96% D-Eurisotop). Processing and evaluation of the experimental data were carried
out using the TOPSPIN software packages. All homonuclear spectra were acquired by collecting 400
experiments, each consisting of 32 scans and 2K data points. The spin systems of the coded amino
acid residues were identified using standard double-quantum filtered-COSY [40] and clean TOCSY
spectra [41]. In the latter case, the spin-lock pulse sequence was 70 ms long. NOESY experiments were
utilized for sequence-specific assignments [42,43].

3.4. Cyclic Voltammetry

The experiments were performed in an air-tight three-electrode cell connected to a
vacuum/argon Schlenk line. Dichloromethane solvent was pre-dried with anhydrous calcium
chloride, refluxed over calcium hydride and distilled under stream of Argon. Solvent and nBusNPFs
were degassed in a Schlenk flask by manifold freeze-pump-thaw cycles and transferred by cannula
in the cell. The reference electrode was a SCE (Tacussel ECS C10) separated from the solution by a
bridge compartment filled with the same solvent/supporting electrolyte solution used in the cell. The
counter electrode was a platinum spiral with around 1 cm? apparent surface area. The working
electrode was a disk obtained from cross section of a gold wire with 0.5 and 0.125 mm diameter sealed
in glass. Between successive scans, the working electrode was polished on alumina according to
standard procedures and sonicated before use. An EG&G PAR-175 signal generator was used. The
currents and potentials were recorded on a Lecroy 9310L oscilloscope. The potentiostat was home-
built with a positive feedback loop for compensation of the ohmic drop [43].

3.5. Differential Pulse Voltammetry

Autolab PGSTAT 30 potentiostat/galvanostat (EcoChemie, The Netherlands) run by a PC with
GPES software was used for the DPV experiments. The measurements were conducted an air-tight
three electrode cell, the same used for the CV experiments. Peak amplitude of 50 mV, pulse width
of 0.05 s, 2 mV increment per cycle, and pulse period of 0.1 s.

3.6. UV-Vis Analysis

Solution absorption spectra in the UV-vis region were recorded at 293 K with a JASCO V770
double beam spectrophotometer using quartz cells with 1 mm optical path. A spectrum of CH2Cl
(baseline) was recorded under the same conditions. Oxidation was achieved in an air-tight container
connected to a vacuum/argon line by incremental addition of oxidizing agent solution
(acetylferrocenium[BF4]/CH2Cl> from 0.1 to 2.0 equivalents). HPLC grade CH:Cl2 > 99% was
purchased from Carlo Erba and distilled on CaHa (> 97% powder Sigma Aldrich). Cells with path
lengths of 1 mm (with quartz windows) were used.

3.7. FT-IR Analysis

Solution FT-IR absorption spectra were recorded at 293 K using a FT-IR Nicolet Nexus 670
spectrophotometer, nitrogen flushed, equipped with a sample-shuttle device, at 2 cm™ nominal
resolution, averaging 25 scans. Solvent (baseline) spectra were recorded under the same conditions.
Spectrograde CHCls-d1 (99.8%, d). HPLC grade CH2Cl2> 99% was purchased from Carlo Erba and
distilled on CaH2 (> 97% powder Sigma Aldrich). For spectral elaboration, the software SpectraCalc
provided by Galactic (Salem, MA) was employed. Cells with path lengths of 1 mm (with CaF:
windows) were used.

3.8. Circular Dichroism

The CD spectra were obtained on a Jasco (Tokyo, Japan) model ]J-1500 spectropolarimeter.
Cylindrical fused quartz cells (Hellma, Miillheim, Germany) of 0.02 cm and rectangular cells of 0.1
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cm path length were used. The values are expressed in terms of [O]r (deg x cm? x dmol?).
Spectrograde CHsOH (Merck) was used as solvent.

4. Conclusions

Surprisingly, two bands were found in the DPV for 2, indicating electrostatic interaction between
the Fc groups despite their longer reciprocal distance, whereas a single and narrow peak was
observed for 1. Circular Dichroism (CD) and FT-IR absorption experiments at different
concentrations confirmed the tendence of 2 to aggregate even at high dilution, a behavior compatible
with the presence of intermolecular, Fc-Fc electrostatic interactions.

To conclude, we reported for the first time the synthesis and spectroscopic characterizations of
helical peptides having two Fc moieties appended to their sides, not to their ends. We observed quite
different behaviors, primarily depending on the spatial localization of the two Fc groups (same or
opposite sides of the peptide helix). In particular, we hypothesized the possible formation of
aggregates through stacking interactions of side-chain Fc.

Supplementary Materials: The following supporting information can be downloaded at: Preprints.org,
Synthetic details, Figure S1: Packing mode of Z-Aib-i-Dap(Boc)-Aib-NHiPr as viewed down the b axis.
Intermolecular N-H...O=C H-bonds are indicated by dashed lines, Figure S2, FT-IR spectra in the amide A
region of the Fc-hexapeptides 1 (left) and 2 (right) and of their shorter intermediates, from the dipeptide to the
hexapeptide. Peptide concentration: 0.1 mM in CDCls; Table S1: Crystal data and structure refinement for Z-
Aib-1-Dap(Boc)-Aib-NHiPr; Video Sl: title, Table 2: Selected torsion angles [°] for Z-Aib-L-Dap(Boc)-Aib-
NH;iPr, Table 3: Hydrogen bonds for Z-Aib-L-Dap(Boc)-Aib-NHiPr [A and °].
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