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ABSTRACT: Compounds having nonlinear optical (NLO) character-
istics have been proved to have a significant role in many academic and
industrial areas; particularly, their leading role in surface interfaces,
solid physics, materials, medicine, chemical dynamics, nuclear science,
and biophysics is worth mentioning. In the present study, novel
peptoids (1−4) were prepared in good yields via Ugi four-component
reaction (Ugi-4CR). In addition to synthetic studies, computational
calculations were executed to estimate the molecular electrostatic
potential, natural bond orbital (NBO), frontier molecular orbital
analysis, and NLO properties. The NBO analysis confirmed the
stability of studied systems owing to containing intramolecular
hydrogen bonding and hyperconjugative interactions. NLO analysis
showed that investigated molecules hold noteworthy NLO response as
compared to standard compounds that show potential for technology-
related applications.

1. INTRODUCTION
Peptoids are significant peptidomimetics with the ability to
reveal a widespread array of biological activities, particularly in
biomedicine and nanotechnology.1 The N-substitution of the
peptide backbone results in peptoid generation (Figure 1).

Ugifour-component reaction is an efficient method to
synthesize peptoids of choice for different purposes. This
one-pot synthesis using carbonyl, amine, carboxylic acid, and
isocyanide moieties is a powerful tool for producing peptoids
where enormous diversity can be induced in a single step.2,3

The chemical building blocks encompassing NLO properties
are extensively investigated for their implementation in optical
communication, optical computing, dynamic image processing,
and other areas of telecommunication and information
technology.4−6 The theoretical and experimental communities
have paid much attention to explore NLO properties of novel

systems owing to their blooming applications in surface
interfaces, solid physics, materials, medicine, chemical
dynamics, nuclear science, and biophysics.7−11 The literature
confirms the organic architectures for exhibiting eminent NLO
response.12−16 Due to supramolecular properties, organic
compounds can provide more suitable frameworks than
transition-metal organometallic frameworks because of several
π-electrons in organic compounds.17 Since NLO response is
generated by the entire electronic structure, complete study of
molecular composition is essential to gain insight into NLO
response of investigated compounds.18−20 Both linear and
nonlinear responses have vital consideration for appropriate
assessment of NLO properties.21 Therefore, in the current
study, we report the synthesis of novel peptoids (1−4) via Ugi
four-component reaction and its NLO behavior exploration
through DFT calculations.

Received: June 6, 2021
Published: September 30, 2021

Figure 1. Structural difference between a peptide and a peptoid
backbone.
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2. COMPUTATIONAL PROCEDURE

GaussView 5.022 is utilized for making input files, and the
Gaussian 09 program package23 is employed for exercising
computational calculations of novel peptoids (1−4). At the 6-
311+G(d,p) basis set and the B3LYP level of DFT, peptoids
(1−4) were optimized and stability is confirmed via the
absence of imaginary frequency. The frontier molecular orbital
(FMO), natural bond orbital (NBO), and molecular electro-
static potential (MEP) analyses of investigated compounds 1−
4 were estimated using the same functional. NLO properties of
1−4 were calculated with meta-hybrid GGA M062X, M06
methods, range-corrected CAM-B3LYP, LC-BLYP methods,
the exchange correlation B3LYP functional, and the HF
method with the 6-311+G(d,p) basis set. Avogadro,24

Chemcraft,25 and GaussView 5.022 are utilized for fetching
the results from output data.

3. RESULTS AND DISCUSSION

3.1. FMO Analysis. FMO analysis is mostly used to explain
different properties like reactivity, molecular interactions,
electronic features, chemical stability, and charge transfer in
different compounds.26−28 Various chemists and physicists
have exercised FMO investigation to expose the structural and
geometrical characteristics of investigated systems.29−36 The
aptitude of a molecule to donate or accept the charge density is
estimated through FMOs (HOMO and LUMO) energies.37,38

Moreover, the energy gap between HOMO and LUMO (Eg =
ELUMO − EHOMO) is a key sign for nonlinear optical behavior of
a compound and also used to gauge several parameters
including chemical reactivity, ionization potential, chemical
hardness, and chemical softness. A compound is considered
soft, least stable, and highly reactive if it has a narrow
HOMO−LUMO energy gap and vice versa.39,40 FMO results
of 1−4 are presented in Table 1. The pictographic display
containing red (negative) and blue (positive phase) for LUMO
and HOMO, respectively, is portrayed in Figure 2.
The lowest and highest ΔE values among 1−4 are for

compounds 3 and 1, respectively. The LUMO and HOMO
energies for compound 1 are computed as −0.521 and −6.620
eV, respectively, which result in an energy gap value of 6.099
eV. The population of HOMO and LUMO charge densities is
indicated in Figure 2, which is found to be mainly on
cyclohexane and the bromine unit of compound 1. The energy
gap in compound 2 is observed as 5.967 eV due to the −0.681
and −6.648 eV energy values of LUMO and HOMO,
respectively. The ΔE result in compound 2 is measured less
than that in 1 but larger than those in other studied
compounds 3 and 4. The concentration of the HOMO charge
density in compound 2 is found mainly on cyclohexane and
partially on the carbonyl group. Similarly, the side benzene ring

and OCH3 units are the portions where the LUMO charge
density of compound 2 is noticed. In compound 4, the narrow
energy gap of 4.911 eV in contrast to compounds 1 and 2 is
observed owing to the −1.194 and −6.105 eV LUMO and
HOMO energy values, respectively. The Fmoc group in
compound 4 is the populated site for the HOMO charge
density, while LUMO is concentrated mainly on the carbonyl
group-associated portion and partially on the Fmoc group. The
smallest ΔE value (4.491 eV) is measured in 3 among all
investigated compounds as results of the −1.673 and −6.164
eV energies associated with LUMO and HOMO of compound
3, respectively. The HOMO in compound 3 is found to be
populated mainly on cyclohexane and naphthalene units of
compound 3. However, LUMO is situated partially on
cyclohexane and mainly on the carbonyl group of compound
3. Inclusive, the growing ΔE order is 3 < 4 < 2 < 1.

3.2. Global Reactivity Descriptors. The EHOMO and
ELUMO are auxiliary applied with the aid of eqs 1−7 to gauge
the global reactivity parameters of 1−441−44

= −IP EHOMO (1)

= −EA ELUMO (2)

= [ + ] = −
[ + ]

X
IP EA E E

2 2
LUMO HOMO

(3)

η = [ − ] = −
[ − ]IP EA E E

2 2
LUMO HOMO

(4)

μ =
+E E
2

HOMO LUMO
(5)

σ
η

= 1
2 (6)

ω μ
η

=
2

2

(7)

The results obtained from eqs 1−7 are listed in Table 2.
The results of IP and EA are mentioned in Table 2, which

reveals that our compounds of interest 1−4 show lower
electron affinity in contrast to ionization potential representing
lower electron accepting and greater donating nature of 1−4.
The lowest ionization potential value of 6.105 eV among all
studied compounds is found to be for 4, indicating its lowest
donating capability. Similarly, the lowest electron affinity value
is observed to be 0.521 eV for compound 1. These results are
related to the lowest and highest energy gap values of
compounds 4 and 1, respectively. Similarly, the chemical
softness value is found to be the lowest of 0.163961 eV in
compound 1 because of its uppermost ΔE value among 1−4.
Electronegativity is an added important aspect that describes

Table 1. EHOMO, ELUMO, and Energy Gap (ELUMO − EHOMO) of 1−4 in eV at the DFT/B3LYP/6-311+G (d,p) Level of Theorya

1 2 3 4

MO(s) E ΔE E ΔE E ΔE E ΔE

LUMO −0.521 6.099 −0.681 5.967 −1.673 4.491 −1.194 4.911
HOMO −6.620 −6.648 −6.164 −6.105
LUMO + 1 −0.371 6.491 −0.566 6.381 −0.870 5.631 −0.787 5.944
HOMO − 1 −6.862 −6.947 −6.501 −6.731
LUMO + 2 −0.238 6.997 −0.468 6.51 −0.595 6.399 −0.594 6.22
HOMO − 2 −7.235 −6.978 −6.994 −6.814

aE = energy, ΔE(eV) = ELUMO − EHOMO.
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the capability to attract charge density. The electronegativity
values are measured as 3 > 4 > 2 > 1. The studied compounds

(1−4) owing to the larger hardness value are recognized as
hard, least reactive, and stable. The global hardness value is

Figure 2. FMOs of investigated compounds 1−4.
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found to be the largest in compound 1 owing to its large
energy gap compared to other investigated compounds. The μ
has inverse and direct relation with reactivity and chemical
stability, respectively. In compounds under our investigation,
the chemical potential order is measured as [3 (μ = −3.9185
eV)] < [2 (μ = −3.6645 eV)] < [4 (μ = −3.6495 eV)] < [1 (μ
= −3.5705 eV)]. This order points out that compound 1 has
the lowest μ value; hence, it is the least reactive and most
stable compound. This result exhibits harmony with ΔE results
in which molecules having a larger ΔE value are recognized as
small, reactive, and more kinetically stable. Compound 1 is
found to be most stable and hard molecule among all
investigated molecules. The more donating capability, stability,

and least accepting aptitude of 1−4 are recommended from
inclusive global reactivity parameter conclusions.

3.3. NBO Analysis. The NBO analysis is broadly
implemented to explore the various noncovalent and hyper-
conjugative interactions (HCIs). Hyperconjugative-originated
hydrogen bonding (H.B) and transfer of densities from filled to
unfilled orbitals are also examined with the help of NBO.45,46

An attempt is made herein to explore the above-mentioned
features in 1−4 with the help of eq 8, and the results are listed
in Table 3

ε ε
=

−
E q

F( )2
i

i,j
2

j i (8)

Table 2. Ionization Potential (I), Electron Affinity (A), Electronegativity (X), Global Hardness (η), Chemical Potential (μ),
Global Electrophilicity (ω), and Global Softness (σ)

compounds I A X η μ ω σ

1 6.620 0.521 3.5705 3.0495 −3.5705 2.090256 0.163961
2 6.648 0.681 3.6645 2.9835 −3.6645 2.250471 0.167588
3 6.164 1.673 3.9185 2.2455 −3.9185 3.418981 0.222668
4 6.105 1.194 3.6495 2.4555 −3.6495 2.712044 0.203625

Table 3. NBO Analysis of 1−4 by Using the B3LYP/6-311+G (d,p) Functional

donor (i) type acceptor (j) type E(2)a [kcal/mol] E(J)E(i)b (a.u) F(I,j)c (a.u)

1 C22−C23 ∂ C23−H55 ∂* 0.5 1 0.02
N6 LP(1) C5−O9 π* 69.71 0.27 0.124
O19 LP(2) C2−N3 ∂* 23.61 0.71 0.117
O9 LP(2) C4−C5 ∂* 19.28 0.61 0.098
N3 LP(1) C18−H47 ∂* 3.98 0.64 0.049
C30−C31 π C29−C34 π* 21.13 0.28 0.069
C29−C34 π C32−C33 π* 20.81 0.28 0.068
C32−C33 π C29−C34 π* 19.92 0.29 0.068
C29−C34 π C28−H64 ∂* 0.5 0.64 0.018

2 N6 LP(1) C5−O9 π* 69.02 0.27 0.123
N3 LP(1) C2−O19 π* 62.15 0.27 0.117
O27 LP(2) N20−C21 ∂* 24.11 0.73 0.12
N6 LP(1) C7−H42 ∂* 6.52 0.63 0.062
O35 LP(2) C26−H62 ∂* 3.64 0.69 0.045
C26−C27 π C18−C28 π* 18.46 0.29 0.066
C31−C32 π C29−C30 π* 17.38 0.3 0.064
C18−C28 π C26−C27 π* 16.18 0.3 0.063
C17−H54 ∂ C11−C17 ∂* 0.50 0.9 0.019

3 N6 LP(1) C5−O9 π* 59.43 0.3 0.119
O33 LP(2) C20−O23 π* 49.91 0.34 0.116
O23 LP(2) C20−O33 ∂* 30.69 0.66 0.129
N6 LP(1) C7−H41 ∂* 6.18 0.64 0.061
N6 LP(1) C7−H40 ∂* 5.98 0.64 0.06
N3 LP(1) C4−H38 ∂* 3.39 0.66 0.045
C25−C33 π C34−C35 π* 30.01 0.25 0.077
C20−C21 π C22−C23 π* 20.11 0.29 0.068
C34−C35 π C26−C36 π* 19.84 0.28 0.067
C87−H88 ∂ C5−N6 ∂* 0.5 0.91 0.019
N3 LP(1) C75−H79 ∂* 703.8 0.21 0.376

4 N3 LP(1) C24−C32 π* 639.54 0.13 0.264
O38 LP(2) C24−C32 π* 440.44 0.02 0.09
O38 LP(2) C75−H79 ∂* 187.39 0.1 0.126
O8 LP(2) C75−H79 ∂* 24.37 0.01 0.015
N3 LP(1) C87−H89 ∂* 17.59 2.75 0.214

aE(2) means the energy of hyperconjugative interactions (stabilization energy in kcal/mol). bEnergy difference between donor and acceptor i and j
NBO orbitals. cF(i; j) is the Fock matrix element between i and j NBO orbitals.
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Here, stabilization energy is indicated by E2; donor orbital
occupancy is denoted by qi; and diagonal elements and off-
diagonal NBO elements are represented by εj, εi, and Fi,j,
respectively.
The π → π* transitions in compound 1 are found to be least

dominant with minute stabilization energy values. This result
also confirms the hard nature, stability of compound 1, and less
involvement in charge-transfer reactions. The dominant π →
π* transitions in compound 2 are found to be π(C30−C31) →
π*(C29−C34), π(C29−C34) → π*(C32−C33), and π(C32−C33)
→ π*(C29−C34) with stabilization energy values of 21.13,
20.81, and 19.92 kcal/mol, respectively. In compounds 3 and
4, π(C26−C27) → π*(C18−C28), π(C31−C32) → π*(C29−C30),
π(C18−C28) → π*(C26−C27) and π(C25−C33) → π*(C34−
C35), π(C20−C21) → π*(C22−C23), π(C34−C35) → π*(C26−
C36) are the dominant π → π* transitions which stabilized
compounds 3 and 4 with energy values of 18.46, 17.38, 16.18
and 30.01, 20.11, 19.84 kcal/mol, respectively. Enormous
stabilization energy values are also observed in the case of
resonance, which indicated the delocalization of nitrogen and
oxygen electrons to the whole molecular unit. These
transitions are L.P1(N6) → π*(C5−O9), L.P2(O19) →
π*(C2−N3), L.P2(O9) → π*(C4−C5) with stabilization
energies of 69.71, 23.61, 19.28 kcal/mol in 1; L.P1(N6) →
π*(C5−O9), L.P1(N3) → π*(C2−O19), L.P2(O27) → π*-
(N20−C21) with stabilization energies of 69.02, 62.15, 24.11
kcal/mol in 2; L.P1(N6) → π*(C5−O9), L.P2(O33) →
π*(C20−O23), L.P2(O23) → π*(C20−O33) with stabilization
energies of 59.43, 49.91, 30.69 kcal/mol in 3; and L.P1(N3) →
σ*(C75−H79), L.P1(N3) → π*(C24−C32), L.P2(O38) →
π*(C24−O32), and L.P2(O38) → π*(C75−H79) with stabiliza-
tion energies of 703.8, 639.54, 440.44, 187.39 kcal/mol in 4,
respectively. NBO results confirm that noncovalent inter-
actions like intramolecular H.B stabilized the donor−acceptor
interactions in present investigated systems. The lone pair of
L.P1(N3) is delocalized to the anti-bonding sigma orbital of
C18−H47 and offers 3.98 kcal/mol to compound 1. Similarly,
intramolecular H.B in compound 2 is noted owing to the
delocalization of electrons from L.P1(N6) and L.P2(O35) to
C7−H42 and C26−H62 with energies of 6.52 and 3.64 kcal/mol,
respectively. Stabilization energies of 6.18, 5.98, and 3.39 kcal/
mol in compound 3 are noted due to delocalization of
electrons from L.P1(N6), L.P1(N6), and L.P1(N3) to C7−H41,
C7−H40, and C4−H38, respectively. A similar effect is noted in
compound 4, where there is delocalization of electrons from
L.P2(O8), L.P1(N3), L.P1(N3), and L.P2(O38) to C75−H79,
C87−H89, C75−H79, and C75−H79 with stabilization energy
values of 24.37, 17.59, 703.8, and 187.39 kcal/mol,
respectively.
The σ → σ* transitions are observed as the least dominant

transitions in the investigated molecules. Thus, σ(C22−C23) →
σ*(C23−H55), σ(C29−C34) → σ*(C28−H64), σ(C17−H54) →
σ*(C11−H17), and σ(C87−H88) → σ*(C5−N6) are the
transitions which offer the least stabilization energy value of
0.50 kcal/mol to investigated compounds 1, 2, 3, and 4,

respectively. It is evident from the above discussion that there
are successful intramolecular charge transfer, intramolecular
H.B, and HCIs among bonds because the electron
delocalization on the entire molecule offers stability to the
studied 1, 2, 3, and 4 molecules.

3.4. Nonlinear Optical Properties. The expansion of
potential communication technology-associated phenomena
like enhanced data rates, frequency mixing, and harmonic
generation expedited the development of NLO materials and
make this area of frontier research. The intramolecular charge
transfer (ICT) and wide electronic delocalization in organic
compounds extended their utility in the telecommunication
sector.47−51 Consequently, NLO properties of investigated
compounds 1, 2, 3, and 4 are measured with combinations of
various methods like M062X, M06, CAM-B3LYP, LC-BLYP,
B3LYP, and HF with the 6-311+G(d,p) basis set.
Equations 9 and 10 are used to calculate average

polarizability and first-order hyperpolarizability (βtot), respec-
tively,

⟨ ⟩ = + +a a a a1/3( )xx yy zz (9)

β β β β β β β

β β β

= [ + + + + +

+ + + ]

( ) ( )

( )

xxx xyy xzz yyy yzz yxx

zzz zxx xyz

total
2 2

2 1/2
(10)

The dipole moment results presented in Table 4 indicate
that the highest electric dipole moment (μtotal) value is found
to be 5.9002 D for 3 computed from the B3LYP method, while
the lowest μtotal value 3.5128 D is measured for 1 calculated
from the M06 method among 1−4. The B3LYP method
exhibits the uppermost μtotal values among 1, 2, 3 and 4. On
the other hand, the HF method and meta-hybrid GGA method
M06 show lower μtotal values than other investigated methods.
The overall decreasing order of μtotal is 3 > 4 >2 > 1.
The exchange correlation functional B3LYP and the M06

method exhibited almost similar values of 301, 377, 372, and
492 with each other for all investigated compounds 1, 2, 3, and
4, respectively. Furthermore, the highest average polarizability
values are also found from B3LYP and M06 methods. On the
other hand, the HF method showed minimum average
polarizability values of 277.58, 347.2, 343.15, and 455.35 a.u.
for 1, 2, 3, and 4, respectively. Compound 4 among 1−4
showed the highest ⟨αtot⟩ results with all investigated methods.
It is normally considered that compounds with the lowest
energy gap exhibited the large polarizability value. This is
evidence from these results that the lowest energy gap-valued
compound 4 exhibited the highest average polarizability values
as compared to other compounds. In contrast, compounds
with the highest energy gap value 1 having hard nature
revealed the lowermost ⟨αtot⟩ results measured from all
methods and among all compounds. The increasing order for
⟨αtot⟩ with investigated methods is HF < LC-BLYP < M062X
< CAM-B3LYP < M06 ≈ B3LYP for 1, 2, 3, and 4,
respectively.

Table 4. Computed Dipole Moments (μ) of Investigated Compounds 1, 2, 3, and 4

compounds B3LYP CAM-B3LYP LC-BLYP HF M06 M062X

1 3.8043 3.7432 3.6767 3.7082 3.5128 3.8116
2 5.1890 5.0959 4.9957 4.9461 4.8839 5.1163
3 5.9002 5.8426 5.7849 5.5750 5.6274 5.7579
4 5.6071 5.6613 5.7548 5.5202 5.4517 5.5413
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Table 5 confirms that the x-direction tensor (βxxx) and the z-
direction tensor (βzzz) contribute the maximum and minimum

to βtot values, respectively. The lower βtot values among all
methods are shown by the HF method. However, the highest
βtot values of 296.02, 421.70, and 451.22 (a.u) are exhibited by
the meta-hybrid GGA method M06 in compounds 1, 2, and 4,
respectively. However, for 3, the highest hyperpolarizability
value of 555.81 (a.u) is observed from the exchange correlation
functional B3LYP method. The investigated method order is
noted as M06 > B3LYP > CAM-B3LYP > M062X > LC-BLYP
> HF for compound 1, M06 > B3LYP > CAM-B3LYP > LC-
BLYP > M062X > HF for compound 2, B3LYP > M06>CAM-
B3LYP > M062X > LC-BLYP > HF for compound 3, and M06
> B3LYP > M062X > CAM-B3LYP > HF > LC-BLYP for
compound 4. The urea molecule [βtot (urea) = 69.399 a.u.]
was compared with the βtot results of 1, 2, 3, and 4.
Consequently, it had been observed that the highest βtot
magnitude of 1, 2, 3, and 4 was observed to be 4.26, 6.07,
8.0, and 6.5 times greater than that of urea, respectively (Table
5). In short, above-mentioned comparative data recommend
the excellent NLO features in investigated compounds 1−4.

3.5. MEP Analysis. MEP analysis is used to explain the
electrons density in terms of the 3D plot on the entire
molecule. The suitable sites for nucleophilic as well as
electrophilic attack are described by a band of colors. Blue >
green > yellow > orange > red is the decreasing order for
electrostatic potential. Blue denotes the positive potential area
suitable for nucleophilic attack. However, red describes the
negative potential site suitable for electrophilic attack. Figure 3
represents that oxygen and bromine atoms generate the red
(negative potential) site, while carbon and hydrogen generate
the blue (positive potential) site.

Table 5. Dipole Polarizabilities and First
Hyperpolarizability (βTot) (a.u) for 1−4

compounds methods αtot βtot (a.u)

1 B3LYP 301.90 253.05
CAM-B3LYP 294.43 241.69
LC-BLYP 285.42 224.09
HF 277.58 218.10
M06 301.27 296.02
M062X 294.12 235.68

2 B3LYP 378.23 406.35
CAM-B3LYP 368.80 379.28
LC-BLYP 357.37 352.22
HF 347.21 309.99
M06 377.72 421.70
M062X 367.37 340.49

3 B3LYP 372.04 555.81
CAM-B3LYP 362.79 427.49
LC-BLYP 351.81 364.96
HF 343.15 323.68
M06 372.34 468.47
M062X 361.27 389.26

4 B3LYP 491.03 303.22
CAM-B3LYP 479.62 215.43
LC-BLYP 465.72 186.37
HF 455.35 200.25
M06 492.16 451.22
M062X 476.90 248.23

Figure 3. Molecular electrostatic potential of compounds of 1, 2, 3, and 4.
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4. CONCLUSIONS

In conclusion, novel peptoids (1−4) were synthesized in the
isolated yields of 60, 57, 58, and 55%, respectively, using a one-
pot multicomponent approach, specifically the Ugi four
component reaction (Ugi-4CR), an ecofriendly chemical
reaction where the only side product is water. The synthesized
peptoid structures were investigated by a spectroscopic
technique. Theoretical exploration of the synthesized com-
pounds was achieved using DFT calculations. Accordingly, the
FMO analysis confirmed that compound 4 contained the
lowest energy gap values, while 1 exhibited the highest energy
gap values. The NBO analysis confirmed the presence of
intramolecular hydrogen bonding, HCIs that are the pivotal
cause for stability of investigated compounds. The more
donating capability, stability, and less accepting capability of
1−4 are suggested from global reactivity parameter findings.
The highest average polarizability and hyperpolarizability
values are found from B3LYP and M06 methods. However,
the HF method showed minimum average polarizability and
hyperpolarizability values. NLO analysis also confirmed that
investigated molecules have 4.26, 6.07, 8.0, and 6.5 times
higher NLO properties as compared to the prototype standard
compound, which disclosed their potential for technology-
related applications.

5. EXPERIMENTAL SECTION

5.1. Chemistry. Top grade chemicals were purchased from
well-reputed chemical industries like Acrös Chemicals, Sigma-
Aldrich, and Fisher Scientific Ltd. and used without further
purification for the synthesis of peptoids. Thin-layer
chromatography (TLC) was performed via pre-coated silica
gel plates to monitor the progress of a reaction. The colorless
spots on TLC were visualized by ninhydrin spray or exposure
to UV radiation (256 and 365 nm λ). Nuclear magnetic
resonance (NMR) spectroscopy (1H, 13C) is used for the
structural elucidation of compounds. The 1H and 13C NMR
spectra were recorded on 400 and 100 MHz Bruker
instruments (AC-400), respectively, at Departamento de
Quiḿica Orgańica, Facultad de Ciencias Quiḿicas, Universi-
dad de Concepcioń, Concepcioń, Chile. The samples were run
normally in CDC13 due to their solubility factor and are
referenced to an internal standard (Me4Si) for

1H spectra.
5.2. General Procedure for the Ugi-4CR. A solution

containing carbonyl compounds and amine (1 equiv each) in
MeOH was stirred at room temperature for 2 h in order to
synthesize the corresponding imine moiety in situ. The
addition of isocyanide (1 equiv), followed by the addition of
carboxylic acid (1 equiv), was carried out to the solution at
ambient temperature. The resulting solution was allowed to
stir overnight at room temperature. Finally, the solvent was
evaporated and the residue was purified by column
chromatography using the Et2O gradient with n-hexane.52−55

5.2.1. 3-Bromo-N-[cyclohexylcarbamoyl-(6,6-dimethyl-
bicyclo[3.1.1]hept-2-ene)-methyl]-N-prop-2-yn-propiona-
mide 1.

Yield: 60% as a sticky oil; 1H NMR (400 MHz, CDCl3): δ
5.75−5.60 (m, 2H), 5.43−5.24 (m, 1H), 4.27−4.01 (m, 2H),
3.82−3.63 (m, 3H), 3.21−3.07 (m, 1H), 2.40−2.28 (m, 3H),
2.13 (m, 1H), 1.93 (m, 2H), 1.75−1.56 (m, 4H), 1.41−1.25
(m, 7H), 1.23−1.07 (m, 4H), 0.89 (m, 3H). 13C NMR (100
MHz, CDCl3): δ 171.9, 168.1, 142.1, 125.0, 79.6, 72.5, 62.1,
48.4, 44.7, 40.3, 37.9, 37.1, 34.9, 33.0, 32.8, 31.9, 31.6, 26.9,
26.0, 25.5, 24.8, 24.7, 21.1.

5.2.2. Methyl-2-[2-[(3-bromopropionyl)-prop-2-yn-
amino]-2-(6,6-dimethyl-bicyclo[3.1.1]hept-2-ene-2)-acetyla-
mino]]-3-phenylpropanoate 2.

Yield: 57% as a sticky oil; 1H NMR (400 MHz, CDCl3): δ
7.39−7.06 (m, 5H), 6.75−6.46 (m, 1H), 5.76−5.01 (m, 1H),
4.84 (m, 1H), 4.23−3.53 (m, 8H), 3.22−3.05 (m, 2H), 2.51−
2.09 (m, 7H), 1.97−1.72 (m, 2H), 1.41−1.20 (m, 6H), 0.95−
0.80 (m, 3H). 13C NMR (100 MHz, CDCl3): δ 172.4, 172.0,
169.6, 168.2, 141.2, 135.8, 129.3, 128.6, 127.1, 125.9, 79.2,
72.8, 63.2, 53.3, 52.4, 44.7, 43.0, 40.2, 38.2, 37.7, 37.0, 36.6,
35.1, 31.8, 30.9, 26.7, 26.0, 24.7, 21.0.

5.2.3. Ethyl([2-[benzyl-(2-tert-butoxycarbonylamino-3-
phenylpropionyl)amino]-2-methylpropyl amino]ethanoate)
3.

Yield: 58% as a sticky oil; 1H NMR (400 MHz, CDCl3): δ
7.38−7.29 (m, 3H), 7.28−7.21 (m, 5H), 7.03−6.97 (m, 2H),
6.36−6.20 (m, 1H), 5.24−5.12 (m, 1H), 4.61−4.43 (m, 2H),
4.27−4.21 (m, 2H), 4.04 (m, 2H), 3.01−2.74 (m, 2H), 2.33−
2.14 (m, 1H), 1.75 (s, 1H), 1.47 (s, 3H), 1.40 (m, 11H),
1.33−1.29 (m, 3H). 13C NMR (101 MHz, CDCl3): δ 174.6,
173.4, 170.3, 155.3, 138.2, 136.7, 129.6, 129.0, 128.4, 127.4,
126.8, 126.2, 79.8, 62.9, 61.4, 53.2, 47.4, 41.7, 39.4, 28.2, 24.1,
14.2.

5.2.4. Ethyl(2-[benzyl-[2-(9H-flouren-9-ylmethoxycarbo-
n y l a m i n o ) - 3 - p h e n y l - p r o p i o n y l ] - a m i n o ] - 2 -
methylpropionylamino)ethanoate 4.

Yield: 55% as a sticky oil; δH in ppm: 1H NMR (400 MHz,
CDCl3): δ 7.81−7.74 (m, 2H), 7.58 (m, 2H), 7.45−7.30 (m,
6H), 7.27−7.18 (m, 5H), 7.06 (m, 1H), 6.27−6.06 (m, 1H),
5.75−5.52 (m, 1H), 4.71 (m, 1H), 4.51−4.41 (m, 1H), 4.39−
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4.09 (m, 6H), 3.98 (m, 1H), 3.89−3.65 (m, 2H), 3.28−2.84
(m, 2H), 2.33−2.05 (m, 1H), 1.51−1.37 (m, 5H), 1.29 (m,
3H), 1.25−1.19 (m, 1H). 13C NMR (100 MHz, CDCl3): δ
174.6, 170.8, 166.4, 161.0, 138.0, 135.6, 129.8, 129.1, 128.6,
128.0, 127.8, 127.5, 127.1, 127.0, 126.4, 126.2, 125.4, 120.3,
119.4, 119.0, 61.8, 58.8, 55.9, 45.8, 40.3, 38.7, 26.2, 25.7, 14.4
(Figure 4).
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Figure 4. General synthetic scheme for the diversely functionalized peptoids (1−4).
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