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a b s t r a c t 

In this study, the solvation effects, structural characterization, and biological properties of the Fmoc-L- 

glutamic acid 5-tert-butyl ester (Fmoc-L-Glu(OtBu)) were described with experimental (UV–Vis, FT-IR, 

and FT-Raman,) and DFT techniques. The topological analysis of the compound was done in order to en- 

sure that self-assembled forces (weak non-bonded contacts) existed between the chemical functionalities 

(carbonyl, amine, carboxylic acid, & hydroxyl) in the solution phases. The spectral techniques were uti- 

lized to assess the compound structure as well as the relationship between potential energy distribution 

and structural properties. The chemical reactivity has been discussed in terms of Molecular electrostatic 

potential, FMOs, and Fukui function analyses. Also, the stability and optical properties of the chemical 

were computationally obtained by NBO and NLO studies. The highest electron transferability of molecular 

orbitals was examined through UltraViolet-Visible absorptions spectra of Fmoc-L-Glu(OtBu). The effects of 

polar and non-polar solvents on the title molecule were also detailed using the solute-solvent interaction 

parameters. The chemical’s biological functions were investigated further via molecular docking with can- 

cer cell proteins. 

© 2022 Elsevier B.V. All rights reserved. 
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. Introduction 

The Fmoc-L-glutamic acid 5-tert-butyl ester (Fmoc-L-Glu(OtBu)) 

s a Fmoc derivative with an N-substituted tert–butyl ester 

olecule. Fmoc group molecules were reported to have a stable 

tructure, were widely used reagents for a variety of chemical for- 

ations, and are important intermediates in the synthesis of phar- 

aceuticals due to their ability to protect amine groups [1] . The ti- 

le chemical Fmoc-L-Glu(OtBu), also reacted effectively with a wide 

ange of organic compounds in drug delivery systems for various 

iseases, including Alzheimer’s [2] , tuberculosis (TB) [3] , cancer [4–

] , viral and bacterial [10] , inflammatory and was most commonly 

een in anti-cancer drug delivery [11–16] . Furthermore, the title 
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olecule and its derivatives have the potential to self-assemble 

nto nano and microscale structures spontaneously [17] . These 

moc materials are more significant in bio-chemicals and phar- 

aceuticals because of their low molecular weight, good stability, 

igh aromatic content, low toxicity, minimal side effect, and amine 

roup protecting properties. Also, the self-assembled Fmoc variants 

ould be used in a range of applications such as supramolecular 

lectronics, drug delivery vectors, photonics, and healing agents in 

egenerative drugs, cell culture, tissue engineering, and other ar- 

as of bionanotechnology [ 18 , 19 ]. Many studies have lately detailed 

he self-assemble property of Fmoc-L-Glu(OtBu) and its derivatives. 

o recognize such qualities in Fmoc derivatives, a full understand- 

ng of structural and electronic aspects is required. As a result 

f these requirements, many cryptographic investigations of the 

RD structure have been reported in various publications. Fmoc 

erivatives and structurally related title molecules have also been 

https://doi.org/10.1016/j.molstruc.2022.133793
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nvestigated for crystal structures, spectroscopic investigations [20–

6] , and computational studies, but title compound Fmoc -L- 

lu(OtBu) has not been reported for spectroscopic studies or DFT 

alculations, to the best of my knowledge. 

Since herein, this manuscript, the compound was structurally 

haracterised by experimental spectroscopic techniques (FT-Raman 

 FT-IR), reactivity descriptor investigations (FMOs, Fukui, & MEP), 

nd with help of computational calculations using DFT/B3LYP 

ethodologies. Moreover, we determined the topological parame- 

ers of the compound to ensure that non-bonded interaction forces 

H-bond, van der walls interactions, and so on) existed between 

hemical functionalities such as amine (NH), hydroxyl (OH), or car- 

oxyl (COOH) groups. Also, molecular docking was performed with 

hree different cancer cell development proteins, due to its signifi- 

ant importance in molecular biology and drug delivery of several 

iseases particularly cancer. 

. Experimental techniques 

The chemical that is being investigated Fmoc- L -glutamic acid 

–tert–butyl ester (C 24 H 27 NO 6 ) in solid form procured from Alfa 

esar chemical company, and for the spectral analysis, it’s been 

tilized without further purification. The FT-Raman spectrum of 

moc- L -Glu(OtBu) was measured in the range of 40 0 0–50 cm 

−1 

sing an FT-Raman spectrometer with a Bruker RFS27 with a reso- 

ution of up to 2.0 cm 

−1 and a source of light Nd: YAG laser with a

00 mW output power and 1064 nm range of laser; cooled Ge and 

iquid nitrogen was used as detectors. The FT-IR spectrum of Fmoc- 

 -Glu(OtBu) was recorded in the range of 450–40 0 0 cm 

−1 using 

he PerkinElmer Spectrum-1 spectrometer, with up to 1.0 cm 

−1 

esolution. A Jasco model with version V-670 spectrometer was 

sed to investigate the chemical’s UV absorption spectrum in the 

0 0–20 0 nm range. The UV pattern was generated using a 10 −5 

olar solution of Fmoc- L -Glu(OtBu) in DMSO solvent. The reac- 

ion quickly scans at a speed of 20 0 0 nm/min using the light

ource D2/WI. 

. Quantum computational calculations 

The quantum computation employs the DFT with the standard 

3LYP method with the 6-311 ++ G(d,p) level to identify the opti- 

ized geometric structure of the Fmoc- L -Glu(OtBu) molecule, and 

his optimized structure, as well as the same DFT method, were 

sed for all computational calculations that could be used in it. 

aussian 09 W package program [27] and Gaussview molecular 

isualization application were utilized for all these computations. 

sing AIM & Multiwfn.3.8 software [ 28 , 29 ], the topological anal- 

sis including ELF and LOL studies of the compound was done 

o ensure that non-covalent connections in the different solvent 

hases. In addition, the vibrational wavenumbers of the Fmoc- L - 

lu(OtBu) molecule with the lowest energy were calculated in the 

apor form. Wavenumbers ranging from 1700 to 40 0 0 cm 

−1 , even 

hose below 1700 cm 

−1 , were scaled using 0.958 and 0.983, re- 

pectively [30] . To characterize them, the PED contributions for fre- 

uencies of the al vibrations were computed using the VEDA tool 

31] . To analyze the reactivity of the substance for the same opti- 

ized structure, the FMOs analysis , Electrostatic potential energy 

ESP) map, and local chemical reactivity parameters of Fukui func- 

ions, are used [32–37] Also, the optical properties and stability of 

hemicals were computationally obtained by NLO and NBO calcu- 

ations. The experimental results compared to the theoretically cal- 

ulated electronic excitation in the UV-Vis spectrum with the TD- 

FT method [ 38 , 39 ]. The targeted protein (PDB codes: 3PP0, 7EFJ,

nd 1OQA) is associated with tumor cells, and the AutoDock tool 

40] , and the PyMOL viewer were used to execute molecular dock- 

ng. 
2 
. Results and discussion 

.1. Structure of the Fmoc-L-Glu(OtBu) 

The title molecule contains four segments of planar includ- 

ng the Fluorene group, amine group along with carbonyl, L - 

lutamic acid, and tert–butyl ester. The dihedral angles, bond an- 

les, and lengths are major attributes of this molecular struc- 

ure in which geometric parameters have been examined via the 

onding strength, position, and chemical environments. The opti- 

ized structure of Fmoc- L -glutamic acid 5–tert–butyl ester ( Fmoc- 

 -Glu(OtBu)) was computed using DFT techniques and selected pa- 

ameters are compared with experimental values acquired from 

41] a similar molecule’s crystallographic information as listed in 

able S1 (supplementary material), and molecular structure with 

umbering scheme in the gas phase was shown in Fig. 1 . The main

orsion angles (e.g. C25-O1-C13-C8, O1-C25-N7-C18, O5-C31-C27- 

24, and C23-O2-C26-C18) that determine the structural units of 

hese segments can be seen in this diagram and Table S1 shows 

 few of them. The bond lengths and angles of Fmoc- L -Glu(OtBu) 

re consistent with those reported in the publications but the tor- 

ion angles slightly deviate from the given experimental results 

ue to the little changes in chemical environments from reported 

ompounds (e.g. the torsion angles C25-O1-C13-C8 & O5-C31-C27- 

24 are -165.15 & -51.71in DFT and −125.55 & -63.60 in experi- 

ental, respectively). 

The calculated parameters did not differ more than 0.148 Å 

at N7-H47) of bond length and 2.91 °(C15-C8-H32) of bond angle 

rom the experimental results. The highest calculated intramolecu- 

ar distance at C18-C24 & C13-C8 (1.549 & 1.529 Å) and this elon- 

ation are due to the largest molecular groups of Fluorene and 

 -glutamic acid bonded at C13 and C18, respectively, which also 

tate that the weakest bonding between the atoms. The lowest 

ond distances were found at O3 = C25, O4 = C26, & O6 = C31 (1.213,

.208, & 1.207 Å) due to double bond attachments of carbonyl 

nd carboxylic group, which shows that the strongest bonding be- 

ween them. The title chemical’s calculated N 

–C bond length (N7- 

25 = 1.359 Å) is nearly identical to the literature results (1.344 Å). 

he largest bond angles (130.9, 129.3 & 129.2 °) were identified at 

C11-C12-C17, C8-C10-C15, & C8-C9-C14) Fluorene rings, this may 

e due to the delocalized electrons of two benzene rings interact 

ith a five-membered ring of Fluorene in C 

= C bonds, ensure that 

hese two ring systems’ delocalized electrons to overlap. Hence this 

olecular group of Fmoc is a highly stable and protecting group. 

 significant deviation was found between the Fmoc- L -Glu(OtBu) 

 

–C 

= O bond angles at C26, C25 & C31(O2-C26-O4 = 125.8 °; O1- 

25-O3 = 124.6 °; O5-C31-O6 = 122.6 °); at C26 and C25 have greater 

ngles ( ∼2 °) than C31, which can be due to lone pair interactions 

etween the amine and carbonyl group molecules. 

.2. Topological analysis: non-covalent weak interaction predictions 

The topological features of the title chemical Fmoc- L -Glu(OtBu) 

ere investigated using the Multiwfn program and AIMAll soft- 

are for the electronic structure, covalent and non-covalent weak 

nteractions predictions by electron localization function (ELF), lo- 

alized orbital locator (LOL), reduced density gradient (RDG) stud- 

es and atoms in molecules (AIM). 

.2.1. AIM 

Several chemical processes are characterized using the AIM 

nalysis, which focuses on structural aspects of electron density. 

he main objective of this study was to identify non-bonded weak 

nteraction forces between chemical functionalities like amine 

NH), hydroxyl (OH), or carboxyl (COOH) groups in gas and solvent 

hases. To define bond classifications, use the parameters p(r) 
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Fig. 1. Structure of the compound Fmoc- L -Glu(OtBu) (a) Optimized stable Structure in the gas phase (b) Chemical structure. 
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he electron density; ∇ 

2 p(r) the II nd derivative electron density 

f Laplacian electron density; H (r) local energy density; G(r) & 

(r) kinetic & potential energy density and it’s the ratio of (G/V) 

 42 , 43 ]. In addition, interaction energy ( �E HB ) and ellipticity ( ε)

an be used to determine the H-bond classification and asymme- 

ry of the molecule. Table 1 lists the above-mentioned calculated 

on-boned weak interaction parameters of Fmoc- L -Glu(OtBu) in 

as, water, DMSO, Et2O, and DMF, respectively. The AIM Molecu- 

ar graphs of the compound with non-boned weak interaction are 

resented in Fig. 2 (a–e) for gas, water, Et 2 O, DMSO, & DMF, re-

pectively. Table S2(a–e), provides, the topological parameters (all 

n a.u) at the bond critical point (BCP) of Fmoc- L -Glu(OtBu) [Elec- 

ron density ( ρ(r)), Laplacian of electron density ( ∇ 

2 ρ(r)), Elliptic- 
3

ty ( ε), Hamiltonian form of Kinetic energy density (K(r)) and dis- 

ance (D, in Å) of Bond Path Length from the nuclear attractors] for 

as, water, Et2O, DMSO, & DMF, respectively. 

In the molecular system, Closed-shell (e.g. hydrogen contacts, 

lectrostatic forces, van der Waals forces, etc.) and shared-shell 

e.g. covalent bonds) interactions between BCPs are frequently dis- 

inguished using the parameters of electron density ρ(r) and Lapla- 

ian electron density ∇ 

2 ρ(r) In general, the calculated ∇ 

2 ρ(r) < 0 

.u. (or negative) values and p(r) ≥ 0.143 a.u. values showed that 

he shared covalent bond interactions while ∇ 

2 ρ(r) 0.1 a.u. and 

ositive Laplacian electron density ∇ 

2 ρ(r) > 0 values are exhib- 

ted that the existence of the Van der Waals forces, weak hydrogen 

ond connections, etc., at BCPs. In the present case, the strongest 
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Table 1 

Topological parameters of the Fmoc- L -Glu(OtBu) for non-covalent weak interactions in gas and solvent phases. 

BCP Length Å ρ(r) (a.u) ∇ 

2 ρ(r) (a.u) V(r) (a.u) G (r) (a.u) H(r) (a.u) -(G/V) ε

�E HB 

(kcal/mol) 

Gas 

C20…H58 2.578 0.0063 0.0269 −0.0037 0.0052 0.0015 1.4205 0.3002 −1.14 

O6…C15 3.597 0.0021 0.0128 −0.0013 0.0022 0.0010 1.7629 1.9861 –

Water 

O2…N7 2.576 0.0227 0.1114 −0.0257 0.0268 0.0011 1.0426 2.5555 –

C15…H58 2.574 0.0202 0.0616 −0.0139 0.0147 0.0007 1.0531 0.3864 −4.35 

O4…H55 2.394 0.0131 0.0610 −0.0105 0.0129 0.0024 1.2242 0.5817 −3.29 

O4…H50 2.423 0.0124 0.0576 −0.0098 0.0121 0.0023 1.2332 0.7187 −3.07 

N7…C31 2.780 0.0167 0.0548 −0.0132 0.0135 0.0002 1.0183 0.7297 –

O2…H48 2.457 0.0109 0.0528 −0.0084 0.0108 0.0024 1.2858 0.6278 −2.63 

O6…H34 2.497 0.0085 0.0432 −0.0060 0.0084 0.0024 1.4071 0.0825 −1.86 

O6…H36 2.704 0.0062 0.0306 −0.0038 0.0057 0.0019 1.5048 1.0935 −1.19 

O5…H53 3.430 0.0006 0.0050 −0.0003 0.0008 0.0005 2.5054 0.2474 −0.10 

Et 2 O 

O2…H46 2.066 0.0258 0.1206 −0.0296 0.0299 0.0003 1.0091 0.7978 −9.26 

O4…H55 2.395 0.0130 0.0602 −0.0104 0.0127 0.0023 1.2255 0.5598 −3.24 

C15…H58 2.209 0.0186 0.0569 −0.0124 0.0133 0.0009 1.0735 0.5729 −3.88 

N7…C31 2.789 0.0163 0.0533 −0.0127 0.0130 0.0003 1.0250 0.5283 –

O2…H48 2.481 0.0108 0.0520 −0.0084 0.0107 0.0023 1.2770 1.0418 −2.62 

O4…H50 2.488 0.0109 0.0508 −0.0083 0.0105 0.0022 1.2643 1.1758 −2.60 

O6…H34 2.481 0.0087 0.0446 −0.0063 0.0087 0.0024 1.3896 0.0784 −1.96 

O6…H36 2.596 0.0077 0.0385 −0.0050 0.0073 0.0023 1.4624 0.6056 −1.56 

O5…H53 2.742 0.0043 0.0232 −0.0022 0.0040 0.0018 1.8494 0.0524 −0.67 

H48…H57 2.391 0.0047 0.0171 −0.0020 0.0031 0.0012 1.5854 0.3736 –

DMSO 

O2…N7 2.576 0.0227 0.1114 −0.0257 0.0268 0.0011 1.0425 2.5347 –

C15…H58 2.158 0.0202 0.0615 −0.0139 0.0146 0.0007 1.0536 0.3839 −4.35 

O4…H55 2.394 0.0131 0.0609 −0.0105 0.0129 0.0024 1.2244 0.5826 −3.29 

O4…H50 2.424 0.0124 0.0576 −0.0098 0.0121 0.0023 1.2334 0.7203 −3.07 

N7…C31 2.780 0.0167 0.0548 −0.0132 0.0135 0.0002 1.0183 0.7278 –

O2…H48 2.457 0.0109 0.0528 −0.0084 0.0108 0.0024 1.2859 0.6320 −2.63 

O6…H34 2.497 0.0085 0.0433 −0.0060 0.0084 0.0024 1.4066 0.0826 −1.87 

O6…H36 2.700 0.0062 0.0308 −0.0038 0.0058 0.0019 1.5045 1.0686 −1.20 

O5…H53 3.427 0.0006 0.0050 −0.0003 0.0008 0.0005 2.5035 0.2407 −0.10 

DMF 

O2…N7 2.539 0.0227 0.1114 −0.0257 0.0268 0.0011 1.0425 2.5594 –

C15…H58 2.209 0.0202 0.0615 −0.0139 0.0146 0.0007 1.0538 0.3853 −4.34 

O4…H55 2.395 0.0131 0.0609 −0.0105 0.0129 0.0024 1.2244 0.5832 −3.29 

O4…H50 2.488 0.0124 0.0576 −0.0098 0.0121 0.0023 1.2332 0.7184 −3.07 

N7…C31 2.789 0.0167 0.0548 −0.0132 0.0135 0.0002 1.0182 0.7238 –

O2…H48 2.481 0.0109 0.0528 −0.0084 0.0108 0.0024 1.2858 0.6313 −2.63 

O6…H34 2.481 0.0085 0.0433 −0.0060 0.0084 0.0024 1.4063 0.0826 −1.87 

O6…H36 2.596 0.0062 0.0309 −0.0038 0.0058 0.0019 1.5038 1.0590 −1.20 

O5…H53 2.742 0.0007 0.0050 −0.0003 0.0008 0.0005 2.5013 0.2357 −0.10 
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ovalent bonds are found form the Table S2(a–e) with the nega- 

ive ∇ 

2 ρ(r) and positive ρ(r) values in solutions and gas phases 

e.g. in the gas phase, the BCPs of O6-C31 p(r) = 0.3688 and 

 

2 p(r) 0.1185). For the gas phase, the highest electron density 

as found at BCP O6-C31; however, for all solvent phases, it 

as shifted at BCP O4-C26. Table 1 summarises the weak non- 

ovalent connections for all media, demonstrating that the Fmoc- 

 -Glu(OtBu) was stabilized in the liquid phase with more weak 

ontacts than in the gaseous form. Only two non-bonded connec- 

ions were detected in the gas phase (at C20...H58 and O6...C15 

ith distances of 2.578 and 3.597), but the number of weak con- 

acts increased significantly in the solvent phases at BCPs O2...N7, 

15...H58, O4...H55, O4...H50, N7...C31, O2...H48, O6...H34, O6...H36, 

5...H53 for water, DMSO, & DMF. Among the interactions listed 

bove, only the O2...N7 contact was not identified in the DMF, 

hereas the O2...H46 and H48...H57 are additionally present in 

his solvent. The Hydrogen bond connections (C15...H58, O4...H55, 

4...H50, O2...H48, O6...H34, O6...H36, & O5...H53) for all media 

ere detected weak; electrostatic and non-covalent nature by the 

ositive local energy and Laplacian electron densities (: for weak 

ydrogen bonds H(r) > 0 & ∇ 

2 ρ(r) > 0) [44] . The hydrogen bond

nteraction energy was also calculated and the greatest interaction 

as found at O2…H46 for DMF; C15…H58 for water, DMSO, and 
MF solvents. w

4 
.2.2. ELF and LOL 

In the molecular structure, bonding and antibonding electrons 

e.g. covalent bonds, lone pairs) may be visualized using the lo- 

alized orbital locator (LOL) and the electron localization function 

ELF) based on electron density attributes. The value of ELF varies 

etween 0.0 and 1.0, while LOL was 0.0 to 0.8 (with color interpre- 

ation ranging from blue to red), with considerably large values im- 

lying regions with localized electrons attributed to the existence 

f a sharing of electrons (covalent bond) and electrons of lone 

airs, and their smaller values denoting regions where electrons 

re anticipated to be delocalized [45] . In the current study, the 

lectronic structure of Fmoc- L -Glu(OtBu) ELF and LOL maps are 

btained in both solvent and gas phases and shown in Fig. 3 (a–c), 

espectively. Electron delocalization and localization are expressed 

y the colours blue and red, accordingly. The deepest red zones are 

een at the hydrogen atoms of H55, and H37 in water, DMSO, and 

MF solvents; H53, and H38 for Et 2 O are shown in these Figures, 

hereas the area with the deepest blue was seen at C28, O2, C27, 

21, C11, C10, & C15 through gas phase and it was reduced in sol- 

ent phases only can be seen at C23 for water, DMSO, and DMF; at 

13 for Et 2 O. They also concluded that the highest possible delo- 

alization sites with chemical environments at C16-C21-C19 & C10- 

15-C20 for gas-phase; C8-C13-O1 for Et 2 O; and C30-C23-C29 for 

ater, DMSO, & DMF by the deepest blue circles at C21, & C15, (for 
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Fig. 2. AIM Molecular graph of Fmoc- L -Glu(OtBu) : green tiny spheres (BCPs), small red sphere (RCBs), black lines (bond paths), ash color solid lines (RCP to BCP ring path), 

and black dotted lines (Non-covalent interactions (NCI)) with Laplacian electron density ∇ 

2 ρ(r) values are illustrated in these figures. 

g

L
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4

A

s

a

m

i
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t
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R

as) C13 (for Et2O) & C23 (for water, DMSO, & DMF) on the Fmoc- 

 -Glu(OtBu) , and their 3D ELF map with electronic environments 

re given in Fig. 4 (a–d). 

.2.3. RDG 

RDG Non-covalent contact analysis is an enhancement of the 

IM study and is being used to detect weak interactions in the 

tructure with its environment, such as attractive van der Walls 

nd H-bonds interactions and repulsive steric effect. NCI infor- 
5 
ation is required to characterize the biological affinity and dis- 

nclination regions of the Fmoc- L -Glu(OtBu) structure, which is 

lso subjected to chemical stability, molecular identification, self- 

ssembly, re-crystallization, and molecular docking. The RDG func- 

ion, which is depicted below, is an electron density gradient with- 

ut dimension form [46] , 

DG = 

1 

2 

(
3 π2 

) | ∇ρ( r ) | 
ρ( r ) 4 / 3 

(1) 
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Fig. 2. Continued 
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In this work, the RDG maps were carried out in different media 

f gas, water, Et 2 O DMSO, and DMF for weak interaction predic- 

ions and are shown in Fig. 5 (a–e). Using Eq. (15), with the elec-

ron density ρ(r) was RDG map picturized in the small region of 

he spectrum between positive values and negative values of sign 

 λ2 ) ρ . This color spectrum represents molecular attractive (non- 

ovalent), repulsive (steric), and neutral (van der Walls) interac- 

ions by blue, red, and Green regions. In the compound Fmoc- L - 

lu(OtBu) in the gas phase, there is no non-covalent region was 
ig. 3. (a) 3D Electron localization function (ELF) map with chemical environments (b) El

moc- L -Glu(OtBu) , in the gas and solvent phases. 

6 
ound but strong repulsive steric and van der walls interactions 

re detected by red (at 0.01, 0.02, & 0.038 a.u.) and green (at 0.00, 

0.01, & −0.02 a.u.) spikes, respectively. On the RDG maps of wa- 

er, DMSO, Et 2 O, and DMF solutions, the non-covalent contact of 

he title chemical in the solvent phase was seen at bellow 0.002 

.u. by blue and dark green color areas, notably strongly shown 

at about −0.026 a.u.) in Et 2 O solvent. This finding is in agree- 

ent with AIM data of weak interactions seen only in the solvent 

hase. 
ectron localization function (ELF) maps and (c) Localized orbital locator (LOL) maps 
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Fig. 4. The ELF map with an electronic environment shows that the highest delocalization regions of (a) C16-C21-C19 & (b) C10-C15-C20 in gas-phase; (c) C8-C13-O1 in 

Et 2 O; and (d) C30-C23-C29 for water, DMSO, & DMF solvent of Fmoc- L -Glu(OtBu) . 
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.3. Structural characterization: vibrational assignments 

Vibrational spectra are one of the most effective tools for ana- 

yzing the molecular structure and functional group conformational 

tudies in organic molecules. The title chemical Fmoc- L -glutamic 

cid 5–tert–butyl ester, has a Fluorene group (two benzene rings), 
Fig. 5. RDG Plots versus the electron density ρ multiplied by the sign of λ2 of the

7 
mine group along with carbonyl, L -glutamic acid, and tert–butyl 

ster and it consists of important molecular groups of amine (NH), 

ydroxyl (OH), or carboxyl (COOH) groups and CH 2 , CH 3 along with 

wo benzene rings. As per DFT optimization with vibrational study 

esults, there are 168 vibration modes in all, and the Gaussview 

ool was used to predict the fundamental modes of vibrations. The 
 title compound in (a) Gas (b) Water (c) Et 2 O (d) DMSO & (e) DMF phases. 
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Table 2 

Calculated FMOs energy values of title compound by using B3LYP/6- 

311 ++ G(d,p). 

Global energy descriptor 

Calculated Energy 

B3LYP/6-311 ++ G(d,p) (eV) 

HOMO (E HOMO ) −8.925 

LUMO (E LUMO ) −5.180 

Energy gap ( �E) 3.745 

Ionization potential (I P ) 8.925 

Electron affinity (E A ) 5.180 

Global hardness ( η) 1.873 

Global softness (S) 0.267 

Electronegativity ( χ ) 7.053 

Chemical potential ( μ) −7.053 

Electrophilicity index ( ω) 13.282 

Nucleofugality ( �E n ) 18.462 

Electrofugality ( �E e ) 22.207 

1
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requency lower than 1700 cm 

−1 was scaled with 0.983, whereas 

he frequency between 1700 and 3500 cm 

−1 was scaled with 0.958 

30] . In Figs. S1 and S2 (Supplementary materials), the compari- 

on of experimental (FT-IR & FT-Raman) and theoretical vibrational 

R and Raman spectra of the Fmoc- L -Glu(OtBu) are displayed. Ta- 

le S3 lists Vibrational frequencies with assignments, IR inten- 

ities (I IR ), and Raman scattering activities (SA Raman ) of Fmoc- L - 

lu(OtBu ) in the gas phase and compared with experimental FT-IR 

nd FT-Raman frequencies. 

Carboxylic acid produces high-intensity bands during vibra- 

ions due to its typical frequencies, which include stretching vi- 

rations of hydroxyl (OH) and carbonyl (C 

= O). The stretching fre- 

uency O 

–H is identified by a band that emerges in the 3400–

600 cm 

−1 range [47] . The peaks of these bands are noticeably 

igher and wider than the amine stretches that arise in the same 

egion. In this case, the strong FT-IR intensity band was observed 

t 3520 cm 

−1 and a very strong band at 3507 cm 

−1 for the FT-

aman spectrum while the calculated wavenumbers at 3514 cm 

−1 

or pure O 

–H stretching due to 100% PED contributions. The C 

= O 

tretching was particularly prominent in the infrared spectrum be- 

ause molecules form exceptionally broad and strong bands due to 

R ray absorption. The stretching vibrations of the C 

= O methyl es- 

er group and carboxylic’s acid and more likely to range between 

790 and 1660 cm 

−1 [ 4 8 , 4 9 ] . In this instance, the C 

= O stretching

f carboxylic’s acid, Ester group and carbonyl (nearby NH) were 

ound at 1727, 1704 & 1702 cm 

−1 in DFT with PED percentage of 

8, 90, & 87, respectively; they were experimentally measured at 

728 (strong), 1708 (very strong) & 1696 (very strong) for FT-IR 

nd at 1730 & 1703 cm 

−1 for FT-Raman. The CO strong absorp- 

ion bands due to stretching in IR frequency is among the charac- 

eristics of carboxylic acid, and it was detected in this case using 

 strong FT-IR intensity band at 1259 and 1085 cm 

−1 ; FT-Raman 

t 1249 cm 

−1 ; and related computed wavenumbers at 1266 and 

074 cm 

−1 . The amine (NH) group stretching vibration arises gen- 

rally at 3450–3250 cm 

−1 [ 50 ]. Protonation affects the stretch- 

ng of the N 

–H bond because the bands associated with N 

–H 

tretching mode are shifted to a higher region. In this instance, it 

as detected at 3483 cm 

−1 (strong intensity) for FT-IR; 3493 cm 

−1 

very strong) for FT-Raman; and estimated scaled wavenumber at 

490 cm 

−1 for practically pure NH vibration because 89 percent 

f PED value was derived for this region. The title compound has 

ne CN covalent bond in this instance, the characterization of C 

–N 

tretching frequencies in a molecule is a challenging task due to 

ifficulties distinguishing these frequencies from other vibrations. 

 

–N stretching is typically found in the 140 0–120 0 cm 

−1 range 

51] , and its stretching mode was calculated at 1074 cm 

−1 ; the 

trong IR intense band at 1085 cm 

−1 . 

Usually, the methyl (CH 3 ) group molecules are considered to 

ave nine major vibrational modes (3 stretchings; 5 bendings; 

torsion). Expected literature CH 3 vibrations regions are in 2935–

860 cm 

−1 for CH 3 asymmetric stretching; in 2985–2925 cm 

−1 for 

H 3 symmetric stretching; at & 1020–930 cm 

−1 & 1080–1020 cm 

−1 

egions of CH 3 rocking; less than 400 cm 

−1 shows for CH 3 torsion 

52] . In this instance, the asymmetric stretching of CH 3 were de- 

ected at 30 08, 30 06, 2980, 2980, 2968, 2967, 2966, & 2965 cm 

−1 

nd their PED values (100%, 98,% 10 0%, 10 0%, 98%, 10 0% , 58%, &

8%) demonstrate that the pure CH 3 asymmetric stretching mode 

as assigned . These asymmetric CH 3 frequency bands are seen at 

975 & 2963 cm 

−1 for FT-IR and very strong intensity bands mea- 

ured at 3001, & 2968 cm 

−1 . Similarly, the pure CH 3 symmetric vi- 

rations were calculated at 2916, 2909 & 2908 cm 

−1 with 98, 100, 

nd 100 PED contribution percentages, respectively. Experimen- 

al FT-Raman and FT-IR spectrums have been recorded at 2906, 

911 cm 

−1 . The CH 3 bending vibrations also were determined 

y calculating, and the scaled frequencies are presented in Table 

3 in the following regions: 1502–1447 cm 

−1 (scissoring); 1406–
8 
378 cm 

−1 (wagging); 1257–1246 cm 

−1 (twisting); 1164–256 cm 

−1 

rocking); the four CH 3 torsions were calculated at 239, 253, 252, & 

00 cm 

−1 , and they are strongly correlated with experimental and 

xpected literature data. In general, the CH 2 group molecule has 

ix basic vibrational (2stretching + 4bending) modes. Asymmetric 

tretching of CH 2 vibrations arises between 2900 and 3000 cm 

−1 

53] , whereas symmetric CH 2 stretching vibrations can be seen at 

90 0–280 0 cm 

−1 [54] . In this present work, asymmetric stretch- 

ng of CH 2 was measured by FT-IR at 2963 cm 

−1 ; at 2968 cm 

−1 

ith the strong band in FT-Raman. The computed DFT wavenum- 

er of asymmetric CH 2 stretching was obtained at 2983, 2966, and 

965 cm 

−1 , correspondingly, with PED contributions of 96, 100, 58, 

nd 58. The CH 2 bending vibrations also were estimated by DFT, 

nd the scaled frequencies are presented in Table S3 in the follow- 

ng bands: at 1511–1452 cm 

−1 (scissoring); 1384–1364 cm 

−1 (wag- 

ing); 1322–1122 cm 

−1 (twisting); 1033–237 cm 

−1 (rocking); They 

lso have a good correlation with experimental and expected re- 

orted values. 

The ring C 

–C and C 

= C stretching vibrations were quite no- 

iceable and incredibly characteristic vibrations in the aromatic 

ing band, and they are the most abundant region in the 1650–

400 cm 

−1 [55] . In this instance, the stretching of the aromatic 

uadrant of C 

= C was estimated at 1618, 1616, 1594, and 1588 cm 

−1 

y DFT; and it was recorded at 1622, 1608 & 1581 cm 

−1 by FT-

aman spectra (not seen in FT-IR). At the same time, the semicir- 

le C 

= C stretching mode was computed at 1483, 1482, 1455, 1451, 

 1354 cm 

−1 and that was experimentally recorded by FT-IR at 

488, 1452, 1354 cm 

−1 with strong medium intensity bands; by 

T-Raman at 1445, & 1350 cm 

−1 with weak and moderate bands. 

.4. Frontier molecular orbitals (FMOs) analysis 

Chemical stability and reactivity are essential characteristics in 

olecular research, especially in organic chemistry and the medic- 

nal area. According to many studies, the HOMO-LUMO (Frontier 

olecular Orbitals) calculations accurately produce the electron 

onor and acceptor quantities [56] . A theoretical approach was 

sed to study and report on HOMO-LUMO analysis for the gas state 

n this article . According to this study, the calculated HOMO energy 

8.925 eV, and LUMO is −5.180 eV, with a narrow energy gap of 

.745 eV is shows that more reactive and has stability of Fmoc- L - 

lu(OtBu) in the gas phase and it was shown in Fig. 6 , and other

arameters of global reactivity such as electron affinity (E a ), ion- 

zation potential (I p ), Global hardness ( η), chemical potential ( μ), 

oftness (s), global electronegativity ( χ ), and electrophilicity index 

 ω) were utilized to more characterized of the chemical using DFT 

pproaches and are listed in Table 2 . The chemical’s electron affin- 

ty value of 5.180 eV represents the rate of electron acceptability, 

hereas the ionization value of 8.925 eV implies the amount of 
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Fig. 6. The Frontier molecular orbitals (HOMO & LUMO) in the gas phase of the title compound. 
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ffort consumed to remove electrons from higher most occupied 

rbitals, and the chemical softness value of 0.267 eV suggests that 

he chemical’s poor toxicity. 

.5. Fukui functions analysis with NPA charge 

The charges on the atoms of the Fmoc- L -Glu(OtBu) are as- 

essed utilizing B3LYP functional by applying the natural popula- 

ion analysis (NPA) approach [57] , and the results of Condensed 

ukui functions ( f + , f −, f 0 & � f ) and Local softness (sr + fr + , sr −

r −, & sr ° f 0 ) of Fmoc- L -Glu(OtBu) for gas with NBO charges were

isted in Table S4 with the appropriate plot shows condensed Fukui 

unctions ( f + , f − & f 0 ) in Fig. S3. Except for C9 and C10, all other

arbon atoms in two benzene rings produce negative charges. Due 

o strong double bond interactions on the title compound, carbon 
9 
toms at C25, C26, and C31 also exhibited negative charge; never- 

heless, the larger negative values were detected at O5. The Fukui 

unction parameters are derived from either the NBO or Mulliken 

harges but in this case obtained by NBO charges. The appear- 

nce of negative results of the Fukui function is shown in Table 

4. A minus Fukui function value indicates that when an elec- 

ron is added to a compound, the electron density is lower in cer- 

ain areas; conversely, whenever an electron is withdrawn from 

he compound, the electron density is raised in certain areas. The 

lectrophilic case’s reactivity order was determined using the com- 

uted values. From this table, the electrophilic reactivity sequence 

as determined using the computed values are C11 > C21 > C19 > 

16 > C9 > C20 > C12 > C22 > N7 > H42 > O4 etc.; and sequence

toms for nucleophilic attack are H58 > C19 > C16 > C17 > C20 >

47 > H54 > C14 > C15 > H53 > C12 etc. These findings suc-
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Fig. 7. Electrostatic Potential (ESP) surface map of Fmoc- L -Glu(OtBu) . 
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essfully demonstrated the biological active region’s involvement 

n docking research. 

.6. ESP surface analysis: reactivity sites predictions 

The electrostatic potential (ESP) is a well-known method for in- 

estigating physical/chemical reaction zones, in molecular model- 

ng research. It depicts the electrostatic potential in proportion to 

he molecule’s electronic density graphically. A molecule’s Electro- 

tatic Potential is created by a system of nuclei and electrons. In 

he Born-Oppenheimer approximation, nuclei are allowed to treat 

s static positive ions (Z A ) located at R A . However, because elec- 

rons are not stable, the average amount of electrons in a volume 

s referred to as the electronic density function ρ(r). Since the elec- 

rostatic potential V(r) is expressed in terms of the atomic unit as 

58] . 

 ( r ) = 

∑ Z A 

| R A − r | −
∫ ρ

(
r ′ 
)
dr 

| r ′ − r | (2) 

The different amounts of electrostatic potential energy on the 

urfaces of the ESP map are predicted by a color spectrum, with 

lue indicating the most electrostatic potential energy and red in- 

icating the minimum number of molecules. The strongest repul- 

ion and attraction are reflected in the dark red (negative) and 

ark blue (positive) portions, respectively. In the range of ESP en- 

rgy −100 to 100 kcal/mol (deepest red to deepest blue), the elec- 

ron density on MEP surfaces is shown in Fig. 7 . Positive regions 

f blue-colored zones seem to be over Hydrogen atoms of CH 2 , 

 CH 3 groups and benzene rings while the deepest blue color 

42.27 kcal/mol) around the CH 2 (nearby benzene rings) of the ti- 

le compound, whereas negative regions oxygen atoms (O3, O6, & 

4) are at the carboxylic and carbonyl groups (COOH, CO, & C 

= O) 

hile the darkest red color ( −76.75 kcal/mol) was found at O3 of 

arboxylic acid group of the Fmoc- L -Glu(OtBu) . In comparison to 

ther parts of the ESP surfaces, the green color sections, which 

quate to half potential among the deepest blue and red color ar- 

as, have practically neutral potential. Since the order of highest 

lectron density was identified as O3 > O6 > O4 > O1 etc., (order low-
10 
st electrostatic energy −76.75, −69.22 & −63.53 kcal/mol) shown 

y the darkest red colors. 

.7. Ultra violet-visible absorption spectra 

UV–Vis spectroscopy studies of the Fmoc- L -Glu(OtBu) were 

arried out in the solvent and gas phases using the TD(time- 

ependent)-DFT technique [59] , and the experimental UV absorp- 

ion spectrum in the DMSO liquid phase was taken between 

00 nm and 800 nm. Table 3 shows the energies of vertical ex- 

itations with absorption peaks ( λmax ) calculated using the Linear 

esponse approximation. The highest (259.60 & 259.44 nm) ab- 

orption maxima ( λmax ) with oscillatory strength (f) of 4.777 & 

.780 were computed for Benzyl alcohol & Benzonitrile solvents 

ue to HOMO → LUMO major transition with 87% contributions of 

he compound Fmoc- L -Glu(OtBu) this table lists the absorbance 

eak, transitions, and primary and secondary contributions includ- 

ng all solvents, as well as the theoretical spectra of UV-Vis absorp- 

ions for all media and, are shown in Fig. 8 . In the experimentally

easured spectra, the absorption maximum is seen at 283.33 nm. 

he predicted wavelengths correlate with the experimental mea- 

urement value, as shown in Table 3 . This table reveals that there 

re three possible electronic transitions that led to the electronic 

erticals in the first excitation level: HOMO to LUMO, HOMO-3 to 

UMO, and HOMO to LUMO + 1. Those electronic excitations were 

epicted in Fig. 9 . The HOMO is clearly noticeable in the oxygen 

O1, O2, O3, O4, O5, & O6) and nitrogen (N7) atoms of lone pair 

lectrons and the aromatic region of two benzene rings in this fig- 

re, while the LUMO is only viewable in the aromatic regions of 

wo benzene rings. 

.8. Effect of solvent parameters on the UV-Vis spectra of 

moc- L -Glu(OtBu) 

The effect of polar solutions and non-polar solutions on nu- 

erous spectroscopic features of the molecule was adequately ex- 

lained using solvent parameters. The polarity scale was used to 

nalyze the Fmoc- L -Glu(OtBu) absorption maxima in several so- 

utions in this case. The following relationship was used to trans- 
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Fig. 8. The UV-Visible absorption spectrum of experimental and theoretical TD-DFT spectra for different mediums. 

Fig. 9. Major four Electronic excitations due to L(n) → π∗ and π → π∗ transitions in the first excitation state with MOs diagrams of Fmoc- L -Glu(OtBu) . 

11 
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Table 3 

Electronic excitations of Fmoc- L -Glu(OtBu) obtained by experimental and TD-DFT/B3LYP/6-311 ++ G(d,p) methods. 

Medium 

Experimental TD-DFT/B3LYP/6-311 ++ G(d,p) 

Major and minor contributions a 

λmax (nm) 

Band 

gap �E (eV) λmax (nm) 

Band 

gap �E (eV) 

Energy 

(cm 

−1 ) 

Oscillator 

Strength (f) 

Gas 277.95 4.461 35,977 0.1883 H ® L (53%) H ® L + 1 (32%) 

H-3 ® L (9%) H-3 → L + 1(2%) 

Chloroform 259.34 4.781 38,559 0.4690 H ® L (86%) H-3 ® L (4%) H 

→ L + 1 (5%) 

Methanol 258.19 4.803 38,732 0.4330 H ® L (83%) H-3 ® L (6%) H 

→ L + 1 (6%) 

Water 258.17 4.803 38,735 0.4350 H ® L (84%) H-3 ® L (6%) H 

→ L + 1 (6%) 

DMSO 283 4.382 258.73 4.793 38,650 0.4620 H ® L (85%) H-3 ® L (5%) H 

→ L + 1 (5%) 

DMF 258.83 4.791 38,635 0.4660 H ® L (86%) H-3 ® L (5%) H 

→ L + 1 (5%) 

2,2,2-Trifluoroethanol 257.94 4.807 38,769 0.4187 H ® L (82%) H-3 ® L (6%) H 

→ L + 1 (7%) 

Benzonitrile 259.44 4.780 38,545 0.4941 H ® L (87%) H-3 ® L (4%) H 

→ L + 1 (5%) 

Ethanol 258.43 4.798 38,695 0.4439 H ® L (84%) H-3 ® L (5%) H 

→ L + 1 (6%) 

Benzyl alcohol 259.60 4.777 38,521 0.4965 H ® L (87%) H-3 ® L (4%) H 

→ L + 1 (5%) 
a [H 

–HOMO; l -LUMO] 

Table 4 

Solvent parameters and spectral properties of Fmoc-L-Glu(OtBu) compound. 

Solvent λmax (nm) υ ̅ (cm 

−1 ) E T (kcal/mol) ε n 

Kamlet-Abboud-Tafta a 

π ∗ α β

Chloroform 259.34 38,558.95 110.24 4.81 1.43 0.58 0.44 0.00 

Methanol 258.19 38,731.55 110.74 33.70 1.33 0.59 0.93 0.66 

water 258.17 38,734.78 110.75 78.30 1.33 1.09 1.02 0.18 

DMSO 258.73 38,650.09 110.50 47.24 1.48 1.00 0.00 0.75 

DMF 258.83 38,634.76 110.46 37.22 1.43 0.88 0.00 0.69 

2,2,2- 

Trifluoroethanol 

257.94 38,768.65 110.84 8.55 1.28 0.73 1.51 0.00 

Benzonitrile 259.44 38,545.24 110.20 26.00 1.53 0.90 0.22 0.00 

Ethanol 258.43 38,695.20 110.63 24.55 1.36 0.54 0.83 0.77 

Benzyl alcohol 259.60 38,521.04 110.14 13.00 1.54 0.98 0.00 0.50 
a Values taken from Ref. [60,61] . 
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ate the chemical’s maximum absorptions λmax (in nm) into molar 

ransition energies (E) T in various solutions (Chloroform, Methanol, 

ater, DMSO, DMF, 2,2,2-Trifluoroethanol, Benzonitrile, Ethanol, & 

enzyl alcohol), and the results are listed in Table 4 . 

 T = 

28591 

λmax 
( kacl/mol ) (3) 

This molar transition energy ( E T ) values indicate the stabi- 

ization of a chemical in a ground state for certain solutions . 

able 4 provides the values in various solvents and this can be seen 

hat the E T value in water is the highest if compared to other so- 

utions, showing that the probe molecules are strongly coupled to 

his solution, as well as the polar nature of the Fmoc- L -Glu(OtBu) 

n the ground state. The influence of various polar solvent and 

on-polar solvent interactions on solute stabilization was investi- 

ated using a multiparameter solvent polarity scale. The Kamlet–

bboud–Taft multilinear analysis, which is expressed in the follow- 

ng equation form, was first used in this regard [ 60 , 61 ]. 

¯ = ῡ + αα + bβ + cπ∗ (4) 

Where ῡ is the parameter of the solvatochromic interest (en- 

rgy of absorptions in cm 

−1 ); π ∗ α, & β are the ability of 

he hydrogen-bond donation and accepting solvents, respectively, 

hereas π ∗ index of the (dipolarity/polarizability) polarity sol- 

ents, respectively. Similarly, a, b, and c are independent coeffi- 

ients. Multivariate regression was used to fit the absorption en- 
12 
rgies to the preceding equation, giving the following expression 

ith relatively excellent correlations (R 

2 = 0.83154) obtained, 

¯ = 38404 ( ±73 ) + 180 ( ±28 ) a + 136 ( ±42 ) β + 114 ( ±71 ) π∗ (5) 

The greater value of β in Eq. (5) , indicates that hydrogen-bond 

ccepting solvents have the greatest influence on the transition en- 

rgy. The huge value α of in the Kamlet–Taft equation indicates 

hat hydrogen-bond donating solutions have the most major im- 

act on transition energy. 

.9. Donor-acceptor interactions analysis: NBO analysis 

In molecular chemistry, the NBO (Natural bond orbital) anal- 

sis is essential for understanding different kinds of interactions 

etween donor group molecules and acceptor group molecules 

ith their stabilization energies, natural Lewis structure, and p- 

haracter with occupancy [62–64] In this work, the NBO calcu- 

ation on the Fmoc- L -Glu(OtBu) addressed energy of stabiliza- 

ion with kinds of donor-acceptor bond interactions that were 

iven in Table S5. The NBO simulation on the Fmoc- L -Glu(OtBu) 

as examined in this research, as well as the stabilization en- 

rgy with various types of donor-acceptor interactions, as pre- 

ented in Table S5. Interactions are mainly attributed to lone 

air of oxygen & nitrogen atoms (e.g. O2, O3, O4, O5, O6, & 

7) with anti-bonding groups of CH 2 , CH 3, and benzene rings, 

hich initiate charge transfer between natural bonds in a molecule 
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Table 5 

Molecular docking results of binding energy (in kcal mol-1), inhibition constant (in μm), electrostatic energy (in kcal mol-1) intermolecular energy (in kcal mol-1), 

and ref. RMSD values (in Å) for the compound Fmoc-L-Glu(OtBu) with three different proteins (PDB code: 3PP0, 7EFJ, & 1OQA). 

Protein (PDB 

code) 

Type of 

organism 

Ligand 

molecule 

Binding affinity 

(kcal mol −1 ) 

Inhibition 

constant ( μm) 

Electrostatic Energy 

(kcal mol −1 ) 

Inter molecular 

energy (kcal mol −1 ) 

Reference 

RMSD ( ̊A) 

3PP0 Homo sapiens Fmoc- L - 

Glu(OtBu) 

−4.19 855.42 −1.99 −7.47 50.74 

7EFJ Homo sapiens Fmoc- L - 

Glu(OtBu) 

−6.80 10.41 −1.44 −10.08 77.59 

1OQA Homo sapiens Fmoc- L - 

Glu(OtBu) 

−4.95 233.45 −1.00 −8.24 17.50 

Fig. 10. The protein-ligand interactions with the best-docked pose of Fmoc- L -Glu(OtBu) with targeted proteins (a) 3PP0 (b) 7EFJ (c) 1OQA. 
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s well as increase their stability. The greatest interaction en- 

rgy contributions of 3132, 1653, & 1032 kJ/mol were found for 

he transitions of LP(n)O3 → σ ∗(C28-H51), LP(n)O4 → σ ∗(C27-C31), 

 LP(n)O5 → σ ∗(C27-C31). Other types of interactions, such as π- 
∗, σ - σ ∗, σ - π ∗, and π- σ ∗ were also identified and their stabiliza- 

ion energies were found in this case. 

.10. NLO properties: first-order hyperpolarizability prediction 

Non-Linear Optical (NLO) properties are a method of evaluat- 

ng the material’s induced changes in optical strength, which are 

oncerned with the examination of the relationship between high- 

ntensity light and materials [ 65 ], and they were the most searched 

ecent study due to their importance in interacting with signifi- 

ant activities. The dipole moment ( μ), first-order Hyperpolariz- 

bility ( β), and Plorizability ( α) have been computationally de- 

ermined in this study and are listed in Table S6. The computed 

alues of dipole moments ( μ) 1.884 Debye (Urea u = 0.9884D) 

nd this higher value indicates that there are stronger sub- 

tantial intermolecular interactions.; The first order hyperpolariz- 

bility of ( β) the computed value of the Fmoc- L -Glu(OtBu) of 

113.68 × 10 −33 e.s.u in comparison to urea [66] , as a typical ma- 

erial (372.89 × 10 −33 e.s.u) and which is 5.66 times higher than 

rea. 
13 
.11. Biological evaluations: molecular docking analysis 

Molecular docking is an effective and suitable study for evaluat- 

ng the compound’s biological properties with target proteins and 

iomolecules. Using the PASS online tool [67] , the highest possi- 

ility of action to Pin1 inhibitor was predicted. Pin1 is a unique 

nzyme responsible for the regulation that is usually found in tu- 

or and normal cell molecules, where that colocalizes with many 

ucleoproteins. Pin1 is also involved in the development of cancer 

hrough canonical processes that take place in both the cytoplas- 

ic and the nucleus [68] . Hence we selected three Pin1-specific 

roteins in tumor cells that are linked to human tumor cells for 

his study, such as (a) Kinase domain of Human HER2: erbB2 (PDB 

ode: 3PP0) (b) Human Pin1 (PDB code: 7EFJ) and (c) BRCT-c do- 

ain from human BRCA1 (PDB code:1OQA) [69–71] . Table 5 and 

ig. 10 show Protein-Ligand interactions with the best binding pose 

nd Fig. S4, provides the H-bond donor-acceptor surfaces, binding 

arameters of binding affinity, inhibit activity rate, and so on. The 

on-bonded weak interaction forces are listed in Table 6 and vi- 

ualized in Fig. 11 . According to these results, the ligand of the 

itle compound interacts with all target proteins of 3PP0, 7EFJ, & 

OQA. The compound Fmoc- L -Glu(OtBu) exhibited the highest en- 

rgy of binding ( −6.80 kcal/mol) with a larger weak contacts for- 

ation against the pin1 protein of cancer cell (Human Pin1 PDB 
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Table 6 

The Non-covalent weak interactions between the Ligand Fmoc- L -Glu(OtBu) and three different proteins 3PP0,7EFJ, & 1OQA [ ∗COHB - Con- 

ventional Hydrogen bond; PDHB -phi donor hydrogen bond; CAHB-Carbonyl Hydrogen Bond; UFAA - Unfavourable Acceptor-Acceptor; AKL- 

Alkyl; PAL- Phi-Alkyl; PPS - Phi-Phi Stack; PPTS- Phi T shaped; APS- Amide phi stacked; BEN - Benzene ring]. 

Ligand Protein 

Binding Energy 

(kcal mol −1 ) Ligand group 

Protein 

Residues 

∗ Type of 

interaction 

Distance 

( ̊A) 

Fmoc- L - 

Glu(OtBu) 

3PP0 −4.19 C = O ALA706 COHB 3.57 

CO ARG840 AKL 5.11 

BEN VAL839 PAL 4.77 

BEN VAL773 PAL 5.27 

BEN TYR772 PPTS 5.38 

BEN LEU869 PAL 6.97 

Fmoc- L - 

Glu(OtBu) 

7EFJ −6.80 C = O LYS97 COHB 4.82 

CO SER32 COHB 4.30 

CO LYS97 COHB 5.78 

BEN TRP34 PPTS 4.14 

BEN TRP23 PPS 5.26 

BEN TRP34 PPS 5.05 

Fmoc- L - 

Glu(OtBu) 

1OQA −5.00 OH ARG9 COHB 3.96 

C = O ILE7 CAHB 4.72 

BEN PHE8 PLP 6.62 

BEN CYS94 PSU 7.32 

BEN CYS94 AKL 5.00 

Fig. 11. The Non-covalent weak interactions between Fmoc- L -Glu(OtBu) and targeted proteins (a) 3PP0 (b) 7EFJ (c) 1OQA. 
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No data was used for the research described in the article. 
ode: 7EFJ), from these findings three conventional Hydrogen bond 

onnections are identified at carboxylic and carbonyl (C 

= O, CO) 

roups of title chemical and residue LYS97, SER32, & LYS97of pro- 

ein with distances 4.82, 4.30, & 5.78 Å, respectively; one Phi T 

haped interaction at TRP34 and benzene ring of the ligand with 

istance 4.14 Å; and two Phi-Phi Stack interactions were also found 

t TRP23 & TRP34 with distances 5.26 & 5.05 Å between ligand and 

rotein. 

. Conclusion 

In this work, The molecular structure of Fmoc- L -Glu(OtBu) was 

tudied using FTIR and FT-Raman spectral techniques, as well as 

heoretical calculations using the B3LYP method. The previously re- 

orted results of strong self-assembled forces between chemical 

unctionalities (C 

= O, COOH, NH, and OH) of the compound were 

onfirmed by AIM, RDG, ELF, and LOL investigations of the Fmoc- 

 -Glu(OtBu). As a result of this process, the compound was more 

table in the solvent phases, with more non-bonded interactions 

han in the gaseous form. Also, ELF and LOL studies concluded 

hat the highest possible delocalization sites with chemical envi- 

onments at C16-C21-C19 & C10-C15-C20 for gas-phase; C8-C13- 

1 for Et 2 O; and C30-C23-C29 for water, DMSO, & DMF. Due to 

he transition of the compound’s LP(n)O3 → σ ∗(C28-H51), the max- 

mum stabilization energy contribution was found in the NBO anal- 

sis. The calculated first-order hyperpolarizability of ( β = 2084.984 
14 
10 –33 e.s.u) the value showed the good NLO property of Fmoc- L - 

lu(OtBu). Against the Pin1 cancer cell (PDB: 7EFJ) development 

rotein, which has the highest binding energy of −6.80 kcal/mol, 

he title chemical has the largest interaction energy and creates 

he more weak bonds. 
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