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Chiral Cu(II), Co(II) and Ni(II) complexes based on
2,2’-bipyridine modified peptoids†

Maria Baskin and Galia Maayan *

Helical peptoids bearing 2,2’-bipyridine, varied in their chiral bulky side chains and their N-terminus form

complexes with Cu(II), Co(II) and Ni(II) via intramolecular binding. Chiral induction from the peptoid to

each metal center could be only observed in some cases and is dependent on the identity of the

N-terminus and on its position relative to the metal center.

Introduction

Chirality is a fundamental biological and chemical property,
which plays a significant role in processes such as molecular
recognition, regulation and catalysis. In nature, these pro-
cesses are facilitated by efficient transfer of chiral information
from the chiral backbone of peptides and biopolymers to
embedded reactive centers including metal complexes.
Achieving stereo-chemical control within synthetic systems is
therefore a key to the development of bio-inspired functional
molecules. In nature, induction of chirality to metal centers is
directly related to information transfer from chiral ligands or
chiral scaffolds. Synthetically, this can be accomplished by a
rational design of an asymmetric inducing environment,1 such
as the one provided by folded macromolecules,2 oligomers
that can fold upon non-covalent interactions (foldamers),3,4

and helical peptide mimics.5 The biomimetic design of artifi-
cial chiral inductive systems for achieving total control over
the stereochemistry of metal complexes is an important step
towards applications in drug design,6 recognition,7 sensing8

and asymmetric catalysis.9

“Peptoids”, N-substituted glycine oligomers, are synthetic
peptide mimics that benefit from the sequence specificity of
biopolymers, on one hand, and from high stability and chemi-
cal diversity of synthetic polymers, on the other hand.10

Peptoids can be easily and efficiently synthesized on solid
support from primary amines via acylation followed by amine
displacement to form N-substituted oligomers.11 This repeti-
tive two-steps synthetic method enables the incorporation of
various functional groups as side-chains. In addition, peptoids
can adopt stable helical conformations in solution12 if chiral
aromatic or tertiary butyl groups, are incorporated within their

backbone.13,14 The secondary structure is forced due to steric
and electronic interactions and resembles this of polyproline
type I (PPI) helix with approximately three residues per turn.
In recent years, metallopeptoids,15,16 as well as other metallo-
foldamers17 have received much attention due to their high
potency to mimic the structure and function of natural metal-
loproteins. Specifically, we have recently described the transfer
of chirality from either chiral helical or chiral unstructured
peptoid scaffolds to embedded achiral metal centers, includ-
ing Cu2+ or Co2+ complexes from 8-hydroxyquinoline18,19 and
Ru2+ complexes from 2,2′-bipyridine (bipy).16 In the latter
example, we have demonstrated that chiral induction from
peptoid backbones to an embedded achiral Ru(bipy)3 center
lead to chiral Ru(bipy)3 complexes with a preferable stereo-
chemistry of the Δ isomers over the Λ isomers.

Herein, we explored the coordination of the biologically
relevant metal ions Cu2+, Co2+ and Ni2+ to several bipy-modi-
fied linear and cyclic peptoid sequences, varied in their chiral
bulky side chains that are either aromatic (phenylethyl, naph-
tylethyl) or aliphatic (3,3-dimethyl-2-butyl), in their oligomer
length, and in their N-terminus. We investigated the transfer
of chiral information from the peptoid scaffold, which pro-
vides an asymmetric environment about the metal center, to
the achiral metal complexes. We have discovered that chiral
induction from each peptoid to each metal center is depen-
dent on the coordination environment of the metal center,
which is a result of both the identity of the N-terminus (amine
or amide) and its location in the sequence relative to the metal
center.

Results and discussion

Initially, two linear helical peptoid hexamers, L2B and R-L2B,
bearing two bipy ligands at the 2nd and 5th positions and four
chiral phenyl ethyl groups (S or R respectively) in the other
positions, as well as two cyclic helical peptoid hexamers, C3B
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and R-C3B, bearing three bipy ligands and three chiral phenyl
ethyl groups (S or R respectively) in alternating positions were
prepared and characterized (Fig. 1a).16 These peptoids were
expected to form intramolecular complexes with each of the
metal ions Cu2+, Co2+ or Ni2+ (Fig. 1a). All the complexes in
this study were prepared and analyzed in solution only. It is
therefore possible that metallopeptoid complexes bearing two
bipy ligands have additional coordinated solvent molecule(s)
bound to the metal center. Metal free L2B peptoid exhibits
absorption band near λ = 299 nm in acetonitrile solution that
corresponds to the π–π* transitions of the bipy units. Titrating
it with Cu2+ ions, produced a new absorption band at λ =
315 nm, indicating the formation of a copper-peptoid complex
(Fig. 2a). From the UV-Vis titration we constructed a metal-to-
peptoid ratio plot where a plateau was obtained at the molar
ratio of 1 (Fig. 2a, inset). This could suggest either the for-
mation of an intramolecular complex, with a ratio of 1 : 1 Cu2+:

L2B, or an intermolecular complex with a ratio of 2 : 2 Cu2+:
L2B. Keeping the total molar concentration of a mixture solu-
tion, which contains both Cu2+ and R-L2B, constant at 33 μM
and varying their mole fraction, a Job plot experiment was also
conducted. The absorbance proportional to complex formation
was plotted against the mole fraction and from the inter-
section point a stoichiometry ratio was determined to be
0.96,20 supporting the metal-to-peptoid ratio obtained from
the UV titrations.21 Further on, ESI-MS analysis confirmed that
the metal-to-peptoid ratio in this complex is 1 : 1, indicating
the formation of an intramolecular Cu(R-L2B) complex.
Similar UV-Vis titration experiments were conducted with L2B,
R-L2B, C3B and R-C3B and the metal ions Cu2+, Co2+ and Ni2+.
In most cases, a metal-to-peptoid ratio of 1 : 1 was obtained. In
the cases of Ni(L2B) and Ni(C3B), however, a 1 : 1 was not
obtained and therefore we have performed the corresponding
Job plot experiments. From the intersection points, the stoi-

Fig. 1 Chemical structure of peptoid oligomers (a) L2B, R-L2B, C3B, R-C3B and their expected intramolecular metal complexes (M2+ = Cu2+, Co2+

and Ni2+) and (b) chemical structure of peptoid oligomers 6P1, 6P2, 6P1Ac, 6P2Ac, 4P1, 4P2, 4P1Ac and 4P2AC.

Fig. 2 (a) UV-Vis spectra and a metal-to-peptoid ratio plot for the titration of L2B with Cu2+ (17 μM) in acetonitrile. (b) Job-plot of R-L2B with Cu2+

measured in acetonitrile (33 μM total concentration).
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chiometry ratios were 0.89 and 0.92 respectively. The formation
of the intramolecular M(peptoid) complexes were verified in
all cases by ESI-MS analysis (see ESI†).

Circular dichroism (CD) measurements revealed some
changes in the region of 190–230 nm that corresponds to the
secondary structure of the peptoid backbone, upon the for-
mation of the complexes. PPI-type helical peptoids incorporat-
ing (S)-(−)-1-phenylethyl (Nspe) or (R)-(+)-1-phenylethyl (Nrpe)
side-chains are typically characterized by double minima or
double maxima, respectively, at about 200 and 220 nm. These
bands are associated with the trans and cis amide bond confor-
mations,22 respectively, the later becoming the major confor-
mation as the PPI-type peptoid helix is more stabilized in solu-
tion. The CD spectra of the metal-free peptoids L2B and C3B
exhibit double minima near 200 and 220 nm, implying that
they are folded into right-handed helices in solution, while
R-L2B and R-C3B show double maxima near 200 and 220 nm,
signifying that they are folded into left-handed helices in solu-
tion (Fig. 3). Upon addition of Cu2+, Co2+ or Ni2+ to each
peptoid, only minor differences in the intensity of the CD
bands near 200 and 220 nm were observed (Fig. 3), suggesting
that the overall conformational order of the peptoids is either
slightly increased in the case of the linear peptoids or
decreased in the case of the cyclic peptoids. These results are
in agreement with our previously reported study in which Ru2+

was added to each of these four peptoids.16 In contrast, metal
binding to all three peptoids resulted in significant changes in
the region between 280 to 360 nm. Bands in this region corres-
pond to the π–π* transition of bipy, caused by the interaction
between two bipy chromophores from the same backbone
upon metal coordination. Specifically, addition of Cu2+, Co2+

and Ni2+ to L2B resulted in a minimum CD signal at λmax =
332, 324 and 329 nm, respectively (Fig. 3a–c). The coordination
of Cu2+, Co2+ and Ni2+ by C3B also gave rise to new minimum

signals at λmax = 330, 322 and 328 nm, respectively, revealing
the formation of chiral metal-bipy complexes (Fig. 3d–f ).
These signals reflect the induction of chirality from the
peptoid scaffold to the metal center and indicate preferable
stereochemistry of the Δ isomers over the Λ isomer,23 as was
observed in the case of the Ru2+ complex with C3B. In
addition, the binding of Cu2+ and Ni2+ to C3B produced strong
exciton couplet circular dichroism (ECCD) signals crossing ε =
0 near 312 nm, demonstrating a high population of the
isomers with Δ stereochemistry. The intensity of the exciton
couplet signals from the Cu2+, Co2+ and Ni2+ complexes with
C3B, however, is higher than this of the analogue Ru2+

complex, especially in the case of Cu2+, suggesting that there
are some differences in the coordination geometry of the com-
plexes.2a The CD spectra of the peptoids R-L2B and R-C3B, dis-
played the exact opposite spectra and cotton effect, following
similar trends in all CD regions as the corresponding Nspe-
based peptoids. Specifically, positive ECCD signals of the
metal complexes, which represent a chiral induction to the
metal center from the chiral peptoid scaffold, were observed.
The complexes from the peptoid R-C3B correspond to the pre-
ferable Λ isomers (Fig. 3). These results demonstrate the trans-
fer of chirality from a helical peptoid scaffold to embedded
copper-, cobalt- and nickel-bipy complexes, which are at least 9
bonds away from a chiral center, and indicate that the stereo-
chemistry of these metal complexes can be controlled by the
chirality of the peptoid.

We next wished to explore whether the transfer of chirality
from helical peptoids to metal centers is influenced by the
type of incorporated side chains. To this aim, we first designed
two hexamer peptoids 6P1 and 6P2, analogues of R-L2B and
L2B, bearing (R)-(−)-3,3-dimethyl-2-butylamine (Nr1tbe)13 and
(S)-(−)-1-(1-naphthyl)ethylamine (Ns1npe)14 groups, respect-
ively, instead of the Nspe groups (Fig. 1b). Previous studies

Fig. 3 CD spectra of the peptoid oligomers (a–c) L2B, R-L2B, (d–f ) C3B, R-C3B, and their metal complexes measured at the concentration of
100 µM in acetonitrile.
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demonstrated that both these side chains are excellent struc-
ture directing groups, for the construction of all-cis homo-oli-
gomer PPI-type peptoids helices. Metal binding to helical pep-
toids containing these monomers, however, was not explored.
The peptoids 6P1 and 6P2 were synthesized via the solid phase
submonomer approach, cleaved and purified by HPLC (>95%
purity) and their identity was confirmed by ESI-MS (see ESI†).
The UV-Vis spectrum of 6P1 was similar to this of L2B and
R-L2B, showing an absorbance band near λ = 299 nm. The
UV-Vis spectrum of 6P2 revealed absorption bands at 272, 282
and 293 nm, which correspond to the superposition of absorp-
tions of naphthyl and bipy moieties. Addition of metal ions to
the free peptoid resulted in the disappearance of the bands
corresponding to the bipy ligands and thus to a decrease in
the intensity of the bands related to the naphthyl residues
(Fig. S24–26†). UV-Vis titration experiments of 6P1 and 6P2
were conducted with Cu2+, Co2+ and Ni2+ and suggested intra-
molecular binding with a ratio of 1 : 1 as obtained from the
metal-to-peptoid ratio plots and from the Co(6P1) and Cu(6P2)
Job plot experiments, which resulted in stoichiometry ratios of
0.89 and 0.92 respectively. The formation of 1 : 1 intra-
molecular M(peptoid) complexes were further confirmed by
ESI-MS analyses of these metallopeptoids (see ESI†).

The CD spectrum of the free peptoid 6P1 exhibits a rela-
tively weak signal with a minimum at 205 nm and maximum
at 221 nm. This CD spectrum is a mirror image-like spectrum
of a recently published helical Ns1tbe-bearing homohexamer,
exhibiting minimum near 225 nm and a maximum near
209 nm.13 Upon addition of Cu2+ to the free peptoid 6P1, the
two CD bands diminished, suggesting that the helical struc-
ture is interrupted by the intramolecular coordination, prob-
ably due to the specific geometry the copper ion enforces on
the overall peptoid structure (Fig. 4a).19 Addition of Co2+,
however, resulted in a significant increase in the CD signal
near 205 and 221 nm, demonstrating the stabilization of the
helical structure upon metal binding (Fig. 4a).18a Similar effect
was obtained by addition of Ni2+, albeit with less intensity
compare to Co2+. Like in the case of the Nrpe analogue
peptoid R-L2B, the binding of Cu2+, Co2+ and Ni2+ led to
additional CD band centered at λmax = 332, 325 and 330 nm,
respectively, which reflect the transmission of the stereogenic

character of the peptoid scaffold to the metal center. The posi-
tive cotton effect in the far UV region indicated that 6P1 pro-
motes a similar stereochemistry at the metal centers of the
complexes it formed, as this of the metal complexes formed
from R-L2B. Thus, the chirality of the side chains monomers,
which directly dictates the handedness of the helicity, attri-
butes to the chirality of the metal centers. CD spectra of the
free peptoid 6P2 exhibits a strong CD signal with the
minimum at 231 nm and maxima at 224 and 206 nm, corres-
ponds to the pure PPI-like secondary structure.14 Addition of
the metal ions Cu2+, Co2+ and Ni2+ to the free peptoid solution
did not change significantly the CD spectra in the region of
190–240 nm, demonstrating that metal coordination has no
effect on the conformational state of the peptoid oligomer
(Fig. 4b). Similar to the Nspe-based analogue peptoid L2B,
Cu2+, Co2+ and Ni2+ binding to 6P2 produced new CD bands
with a negative cotton effect in the far UV region at λmax = 332,
325 and 330 nm, respectively, which reflects the chiral induc-
tion from the peptoid to the embedded metal centers (Fig. 4b).
Overall, these experiments reveal that the transfer of chirality
from a helical peptoid to a metal center is not affected by the
identity of the side chains.

It is known from previous studies that peptoids helicity is
chain length dependent,13,14,21 thus we wanted to further
investigate whether the transfer of chiral information to the
metal center can occur within peptoids short as tetramers,
bearing only two chiral groups – the minimum requires to
keep the two bipy ligands in the i and i + 3 positions. To this
aim, we modified 6P1 and 6P2 by synthesizing their tetramer
analogues 4P1 and 4P2 (Fig. 1b). UV-Vis titration of these tetra-
mers with Cu2+, Co2+ and Ni2+ suggested intramolecular
binding with a ratio of 1 : 1 as obtained from the metal-to-
peptoid ratio plots and from the Job plots of Co(4P1) and Ni
(4P2), which resulted in stoichiometry ratios of 0.79 and 1.01
respectively. The formation of intramolecular complexes was
further confirmed by ESI-MS analysis (see ESI†). Although the
CD spectra of 4P1 in the region between 190–240 nm was
similar to the CD spectra of 6P1 in the same region, the two
bands at 205 and 221 nm, characteristic of the helical structure
of 4P1, diminished upon addition of all three metal ions
(Fig. S40†), suggesting that the conformational order is
reduced by metal coordination. In contrast, addition of all
three metal ions to 4P2, which its CD spectra in the region
between 190–240 nm was similar to the CD spectra of 6P2 in
the same region, resulted in a significant increase in the CD
signal near 231 nm, and the band near 224 nm disappeared
(Fig. S41†). These observations suggest that metal coordi-
nation to 4P2 enhances its conformational order and assists in
stabilizing its helical structure.

Interestingly, the CD spectra of these two peptoids and
their complexes with the metal ions Cu2+, Co2+ and Ni2+ did
not produce CD signals in the region related to the π–π* tran-
sition of the bipy ligand, demonstrating that the metal com-
plexes formed are not chiral, namely there is no chiral induc-
tion from the peptoid to the metal centers (Fig. S40 and 41†).
One reason for this lack of chiral induction could be simply a

Fig. 4 CD spectra of the peptoid oligomers (a) 6P1 and (b) 6P2 and
their metal complexes measured at the concentration of 100 µM in
acetonitrile.
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consequence of these peptoids bearing only two chiral groups.
Another possible reason might be the different binding modes
of the tetramers compare to the hexamers due to the different
locations of one bipy ligand – either near the terminal second-
ary amine (tetramers) or far from it (hexamers). It is known
that N–H groups can participate in the binding of metal ions.
Thus, if the N–H group of 4P1 is involved in metal binding
because it is located near the metal center, but is not involved
in metal binding within 6P1 because it is too far from the
metal center, then the two complexes will have different
coordination geometries, resulting an achiral complex in the
case of 4P1 and a chiral one in the case 6P1. In order to evalu-
ate whether the terminal N–H group is involved in the
binding, we recorded the FTIR spectra of the peptoids 4P1 and
6P1 and of their Cu2+ complexes. The resulted spectrum of 4P1
shows a band near 3370 cm−1, corresponding to the N–H
stretching. This band, however, is not present in the FTIR
spectrum of Cu(4P1) complex (Fig. S44†), supporting the
assumption that the intramolecular metal coordination
involves the N-terminus amine. In contrast, the FTIR spectra
of 6P1 and Cu(6P1) exhibit bands near 3380 and 3322 cm−1,
respectively (Fig. S45†), indicating that the terminal N–H
group is not involved in the metal binding.

To support this further and to explore the possibility of
recovering the chiral induction, we decided to acetylate the
N-terminus amine in peptoids 4P1 and 4P2 and generate their
corresponding acetylated prototypes peptoids 4P1Ac and
4P2Ac (Fig. 1b). By this we thought to eliminate the formation
of the undesired coordination geometry that leads to achiral
complexes. The peptoids 4P1Ac and 4P2Ac were synthesized
on solid support, cleaved from resin, purified by HPLC (>95%
purity) and their identity was confirmed by ESI-MS analysis.
Their CD spectra before and after Cu2+ addition were recorded
and compared with their non-acetylated prototypes. The CD
spectrum of the free 4P1Ac exhibits a weak signal with maxima
at 195 and 220 nm and minimum at 206 nm. Upon addition of
metal ions, additional CD bands at the region that corres-
ponds to the bipy ligand transitions appeared, indicating
chiral induction to the metal center. The metallopeptoid com-
plexes Co(4P1Ac) and Ni(4P1Ac) display similar CD bands as

the complexes of 6P1, with a positive cotton effect, centered at
λmax = 323 and 309 nm, respectively (Fig. 5a). Surprisingly,
upon addition of Cu2+ to the free peptoid 4P1Ac a strong CD
band at λmax = 330 nm appeared, with a negative cotton effect
rather than the expected positive band. This band is twice
more intense than the corresponding CD band of Cu(6P1)
complex with the opposite CD sign, demonstrating that
different chirality of the complex was obtained. This result
indicates that the acetylation of the N-terminus influenced dra-
matically the geometry of the Cu2+ complex, resulting in the
opposite chirality. In addition, coordination of Cu2+ and Co2+

to 4P1Ac resulted in a dramatic increase of the CD intensity in
the region between 190–240 nm, suggesting a significant stabi-
lization of the helical structure by metal coordination.

Free peptoid 4P2Ac displays CD signals with maxima at
λmax = 207 and 226 nm and minima at λmax = 220 and 234 nm.
The CD bands in this region almost did not change upon
addition of Cu2+ but the intensity increased significantly after
binding of Co2+ and Ni2+ (Fig. 5b), suggesting conformational
stabilization of the peptoid scaffold via metal coordination. In
addition to that, metal binding by 4P2Ac resulted in CD bands
in the region of 280–360 nm with a similar shape and position
but slightly higher intensity as the hexamer peptoid 6P2,
demonstrating the chiral induction from the peptoid to each
metal center. These results indicate that the acetylation of the
N-terminus have a dramatic influence on the binding mode of
4P1 and 4P2. These outcomes support the assumption that the
terminal N–H has a contribution to the metal coordination of
the peptoids 4P1 and 4P2, resulting in the loss of chirality of
the metal centers.

Following these observations, we decided to explore how
N-terminus acetylation affects the chiral induction ability of
the peptoid hexamers 6P1 and 6P2 on the different metal
centers. To this aim, we synthesized on solid support the
corresponding acetylated 6P1Ac and 6P2Ac peptoids via the
submonomer approach, and they as well were cleaved from the
resin, purified by HPLC (>95% purity) and their masses were
confirmed by MS analysis. The CD spectra of 6P2Ac and its
metal complexes are very similar to these of the non-acetylated
analogue 6P2, demonstrating that the acetylation of the

Fig. 5 CD spectra of the peptoid oligomers (a) 4P1Ac and (b) 4P2Ac and their metal complexes measured at the concentration of 100 µM in
acetonitrile.
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N-terminus has little or no effect on the chiral induction
process in this peptoid (Fig. S43†). The CD spectra of 6P1Ac
and its Cu2+ complex are also very similar to these of 6P2
(Fig. S42†). Surprisingly, the complexes Co(6P1Ac) and Ni
(6P1Ac) seem different from the corresponding complexes of
6P1, as no chiral induction was observed in their CD spectra
(Fig. S42†). Within the peptoid hexamers, the secondary amine
at the termini is located relatively far from the metal center;
thus, metal coordination by the N–H group in these peptoids
is less possible, as was also implied by the FTIR analysis.
Therefore, the loss of chirality at the metal center could be a
consequence of steric and/or electronic effects attributed to
the acetylation, which might induce changes on the coordi-
nation geometry of the metal center, resulting in the loss of
chirality.

Conclusions

To sum up, this work describes the intramolecular binding of
Cu2+, Co2+ and Ni2+ within previously designed as well as new
bipy modified helical peptoids. Eight hexamers and four tetra-
mers, each from a different type of structure directing
element, namely, Nspe, Nrpe, Ns1npe or Nr1tbe, with distinct
stereogenic centers, were examined for their ability to transfer
their chirality to embedded achiral metal centers. We found
that in most cases there is chiral induction from the peptoid
backbone to each metal center. We first show that by changing
the chirality of the side groups (S or R) we can control the chir-
ality of the formed metal centers. By reducing the length of
the peptoid sequence to only four monomers, we could obtain
chiral metal complexes after acetylation of the N-terminus
amine. These results demonstrate that even in a very short
peptoid length, a chiral induction from the peptoid scaffold
and control over the stereochemistry of metal centers can be
achieved. Finally, we advocate that the coordination environ-
ment about the metal center, which is controlled by the iden-
tity of the N-terminus, has a significant effect on the ability of
the peptoids to transfer their chirality to the metal centers. We
believe that this work opens up wide prospects for the design
of chiral metallopeptoids towards biomimetic and chemical
applications. Our current efforts target long distance transfer
of chirality (remote chiral induction) as well as enantio-
selective catalysis.

Experimental section
Materials

Rink amide resin was purchased from Novabiochem; trifluoro-
acetic acid (TFA) and nickel acetate tetrahydrate were pur-
chased from Alfa Aesar; (S)-(−)-1-phenylethylamine, (R)-(+)-1-
phenylethylamine and (S)-(−)-1-(1-naphthyl)ethylamine were
purchased from Acros; bromoacetic acid, cobalt acetate
tetrahydrate and copper acetate monohydrate were purchased
from MERCK; N,N′-diisopropylcarbodiimide (DIC), piper-

idine, 6-bromo-2,2′-bipyridine, (R)-(−)-3,3-dimethyl-2-butyl-
amine, acetonitrile (ACN) and water HPLC grade solvents
were purchased from Sigma-Aldrich; dimethylforamide
(DMF) and dichloromethane (DCM) solvents were purchased
from Bio-Lab Ltd. 2-(2,2′-Bipyridine-6-yloxy) ethylamine
(Nbp) was synthesized according to previously published
procedure.16

Instrumentation

Peptoid oligomers were analyzed by reversed-phase High-per-
formance liquid chromatography (HPLC) using analytical
C18(2) column, Phenomenex, Luna 5 µm, 100 Å, 2.0 × 50 mm,
on a Jasco UV-2075 PLUS detector. Purification of peptoid oligo-
mers was performed by preparative HPLC using AXIA Packed
C18(2) column, Phenomenex, Luna 15μm, 100 Å, 21.20 ×
100 mm. Mass spectrometry of peptoid oligomers was per-
formed on Advion expression CMS mass spectrometer under
electrospray ionization (ESI), direct probe with ACN, flow rate
0.2 ml min−1. Analysis of metal complexes was performed on
Waters Acquity and on Waters LCT Premier mass spec-
trometers under electrospray ionization (ESI), direct probe
ACN : H2O (70 : 30), flow rate 0.3 ml min−1. UV measurements
were carried out using an Agilent Cary 60 UV-Vis spectrophoto-
meter. FTIR measurements were recorded on Agilent Cary 630
FTIR spectrometer equipped with a diamond attenuated total
reflection (ATR). CD measurements were performed using a
circular dichroism spectrometer Applied Photophysics
Chirascan. Data processing was done with the softwares Excel
and KaleidaGraph.

Synthesis and purification of the peptoid oligomers

Solid-phase synthesis of peptoid oligomers was carried out
manually in fritted syringes on Rink amide resin at room
temperature using the previously reported peptoid sub-
monomer protocol.24 Peptoid synthesis was performed with
alternating bromoacylation and amine displacement steps
until peptoid oligomers of desired sequence were obtained.
Acetylation of the peptoids performed by mixing DIC (2 ml for
g−1 resin) with Acetic acid (8.5 ml 1.2 M for g−1 resin) for 1 h.
After the peptoid synthesis, the products were cleaved from the
resin by treatment with 95% trifluoroacetic acid (TFA) in water
(50 mL g−1 resin) for 30 minutes. The cleavage mixture was
concentrated in vacuum and cleaved samples were then re-sus-
pended in 50% acetonitrile in water and lyophilized to
powders. Afterwards, crude peptoids were dissolved in 50%
acetonitrile in water and purified by preparative HPLC (C18
column). Products were detected by UV absorbance at 230 nm
during a linear gradient conducted from 5% to 95% solvent B
(0.1% TFA in HPLC grade acetonitrile) over solvent A (0.1%
TFA in HPLC grade water) in 50 minutes with a flow rate of
5 mL min−1. Purified products were analyzed by reversed-
phase HPLC (C18 column) with a linear gradient of 5–95%
ACN in water (0.1% TFA) over 10 min at a flow rate of 0.7 mL
min−1 and 214 nm UV absorbance.
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Circular dichroism

CD measurements were performed at room temperature at
concentration of 100 µM in solution of ACN. The spectra were
obtained by averaging 4 scans per sample in a fused quartz
cell (path length = 0.1 cm), over the 370 to 190 nm region at a
step of 1 nm (scan rate = 1 s per step). In a typical experiment
the CD of free peptoid was first measured followed by addition
of 1.2 equiv. of metal ion solution and the sample was
measured again.

UV-VIS spectroscopy

Titration experiments of the peptoid oligomers with the metal
ions (Co2+, Cu2+ and Ni2+) were followed by UV-Vis analysis in
ACN solution using 17 µM concentration. In a typical experi-
ment, 10 μL of a peptoid solution (5 mM in ACN) were diluted
in 3 ml ACN solution and then titrated in multiple steps with
2 μL aliquots of a metal ion (5 mM in H2O) until the binding
was completed. Job plot experiments were determined using
UV-Vis spectrometry by varying mole fraction of metal ions
and peptoid oligomers using 26–66 µM total molar concen-
tration in ACN solution.

Synthesis of metal complexes for MS analysis

A solution of peptoid oligomers (100–200 µL 0.5 mM) in ACN
was treated with metal solution (5 mM in H2O) and the
mixture was stirred for 30 minutes prior to MS analysis.
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