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Abstract

Methyl 5-methoxy-H-indole-2-carboxylate (MMIC) was prepareda esterification of
commercially available 5-methoxyindole-2-carboxyliacid. The title molecule MMIC was
characterised using FT-IR and FT-Raman in the muo§et000-500 and 4000-50 ¢nrespectively.
The fundamental modes of the vibrations were assigind the UV-visible spectrum of the MMIC
molecule was recorded in the range of 200-400 nrexgore its electronic nature. The HOMO-
LUMO energy distribution was calculated and the ding and anti-bonding structures of the title
molecule were studied and analysed using the ndiarad orbital (NBO) approach. The reactivity of
the MMIC molecule was also investigated and bothpbsitive and negative centres of the molecule
were identified using chemical descriptors and akr electrostatic potential (MEP) analysis. The
chemical shifts of théH and**C NMR spectra were noted and the magnetic fieldrenment of the
MMIC molecule are discussed. The non-linear opt{®dLO) properties of the title molecule were
studied based on its calculated values of polatisabnd hyperpolarisability. All computations veer
obtained by DFT methods using the 6-311++G (d,g)sbset.
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1. Introduction

The pineal gland synthesises and releases thel gineaoneN-acetyl-5-methoxytryptamine
(melatonin, MLT) in a circadian rhythm, with highenqgpheral blood levels at night. It has been
reported that MLT has sleep-inducing properties,wadl as pain modulatory, antitumour, anti-
inflammatory, and antioxidant effects [1-4]. Melaito affects M and MT, receptors, which are G-
protein-coupled receptors, as well as a low-affipiitative MLT binding site called MI5,6].

Nonlinear optical (NLO) materials are attractinggr@at deal of attention due to their great
impact on information technology and industrial laggtions [7,8]. NLO materials are characterised by
their nonlinear response to the electric field asded with the light of a laser beam. Organic
nonlinear optical materials have attracted growimgrest due to their large optical susceptibsitie
inherent ultrafast response times, and high optlaasholds for laser power compared with inorganic
NLO materials [9]. Nevertheless, the burgeoninglfed NLO research and applications is still in dee
of new NLO materials for a wide variety of processe

The indole nucleus constitutes the core structfire large number of melatoninergic ligands
that can modulate melatonin receptors [10-12]. Adio to the literature, the molecular structure of
methyl 5-methoxy-H-indole-2-carboxylate (MMIC) has not been previgushvestigated using
computational methods and hence its molecular ctenaation will support the development of new
bioactive compounds. Therefore, the present wonkolies vibrational profiling, as well as
spectroscopic (FT-IR, FT-RamatH and **C NMR) characterisation and investigation of theONL
properties, of the MMIC molecule using DFT compiatadl approaches. Molecular electrostatic
potential (MEP) and HOMO-LUMO analyses were alsdgrened. It is believed that the results of the
current investigation will give insight into the gmble intermolecular interactions of the MMIC
molecule, which could help with the rationalisatiohintermolecular drug-receptor interactions with
the purpose of designing new biologically activéale-bearing molecules.

2. Experimental details
2.1. General

The melting point was measured using a Gallenkamgdtimy point device and is
uncorrected. The FT-IR spectrum of the MMIC molecwas recorded using KBr pellets on a
Perkin Elmer RXL spectrometer (Waltham, MassachsiséiSA) with a spectral resolution of 2
cm’. The FT-Raman spectrum was obtained using a BrukE8S 100/s spectrophotometer
(Ettlingen, Germany) with an excitation wavelength 1064 nm and using the emission of an
Nd:YAG laser source (Goettingen, Germany). The N8#iRple was dissolved in DMS@3-and the
NMR spectra were recorded using Bruker NMR speogtemat 500 MHz fofH and 125.76 MHz for
13C at the Research Center, College of Pharmacy, &gl University, Saudi Arabia.



2.2. Synthesis

A few drops of concentrated sulphuric acid were eaddo a suspension containing 5-
methoxyindole-2-carboxylic acidl(2.00 g, 0.01 mol) in absolute methanol (30 mL)eTreaction
mixture was heated to reflux for four hours, cootedoom temperature, and the precipitated solid
filtered off to give 2.1 g (96%) of MMIC2) as yellow crystals, m.p. 450-451 K [13].
2.3. Crystal structure determination

The methanolic solution of the MMIC molecule wasjsated to slow evaporation to give
single crystals suitable for X-ray analysis. Brus8MART APEXII CCD diffractometer equipped with
graphite monochromatic Mo &radiation at 100 (2) K was used to collect thead&tell refinement
and data reduction were carried out by Bruker SAINZ]. The title structure was solved using
SHELXS-97 [15,16]. Full-matrix least-squares tecjusis with anisotropic thermal data for non-
hydrogen atoms oft? were used to finalize the refinement. All the logkn atoms were placed in
calculated positions (Tables T1-T3). Crystallogiaptata of the MMIC molecule have been deposited
with the Cambridge Crystallographic Data Centerpfdementary publication number CCDC-
1052719). Copies of the data may be obtained ffegharge from the Director, CCDC, 12 Union
Road, Cambridge, CB2 1EZ, UK (deposit@ccdc.camkac.u
2.4. Quantum chemical calculations

Density functional theory (DFT) is an effective kdor calculating the electronic structures of
molecules. The basis set, 6-311++G (d,p), was antgdeby a ‘d’ polarisation function for heavy
atoms and a ‘p’ polarisation for hydrogen atomyriaker to achieve a better representation of tierpo
bonds in the molecule [17,18]. All calculationgtiwe present work were performed using the Gaussian
09W [19] program package on a personal computeronm@é&ical parameters and vibrational
wavenumbers were computed by optimising the gegnuétthe molecule using the B3LYP, M06-2X
and B3PW91 methods with 6-311++G (d,p) as the bsstisThe vibrational frequency assignments
were calculated by the total energy distributioED) method using the vibrational energy distribatio
analysis (VEDA) program [20]. The optimised geomaedf the MMIC compound was further used to
complete a natural bond orbital (NBO) analysis g\BO version 3.1 [21], which is implemented in
the Gaussian 09W package. The NMR chemical shifiseotitte compound were also calculated using
the gauge independent atomic orbitals (GIAO) metfil23] with the B3LYP/6-311++G (d,p)
functional method'H and**C isotropic magnetic shielding (IMS) of any X atgcarbon or hydrogen)
was applied according to the value of TMS,xGSIMSrys - IMS,. The energy distribution from
HOMO to LUMO was calculated using the Gausssunilxaftware program.



3. Results and discussion
3.1. Synthesis

The target molecule, MMIC2}, was preparedia esterification of the commercially available
5-methoxyindole-2-carboxylic acidl) in methanol and a catalytic amount of sulphuratda as
illustrated in Scheme 1 according to the publishextedure [13].

H3CO OH _ H3CO OCH
T ' T
N o) N o)
H H

1 2

Reagents and conditions: i) methanolSBy, reflux, 4h 96%.

Scheme 1Synthesis of the MMIC2) molecule.

3.2. Structural geometry analysis

MMIC crystallizes in the monoclinic crystal systemith space group R& with four
molecules per unit cell (Z = 4) and cell dimensioha = 7.8956(6)b =5.8304(4) and= 22.0407(16)
A. The crystal packing of the molecule with Z =wita is shown in Figure 1. The molecule consists of
one methyl ester group and one methoxy group athth the indole ring, as illustrated in Figure 2.
The geometrical parameters of the title compountewemputed by B3LYP, M06-2X and B3PW91
functionals with the basis set 6-311++G (d, p) d&he results, along with the XRD values, are
presented in Table 1. The geometrically optimizéte tmolecule exhibited energy value of -
442924.7202 Kcal.mdl The calculated structural geometry parametersa@ie correlated with the
experimental values as indicated, with their catieh coefficient (R) values calculated as 0.9878,
0.9867 and 0.9876 (for bond lengths) and 0.90®D1® and 0.8990 (for bond angles) using B3LYP,
MO06-2X and B3PW91 functionals, respectively.



Figure 1. Crystal packing of the MMIC molecule.
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Figure 2. Optimized structure of the MMIC molecule.



Table 1.Geometrical parameters [bond length (&), bond a@gland dihedral angle)] of the MMIC
molecule.

B3LYP/6-311G++
(d,p) MO6-2X/6-

Parameters
B3PW91/6-

311G++ (d,p) 311G++ (d,p) XRD
Gas Ethanol
Phase Phase

Bond length Q&)

C1l-C2 1.426 1.4229 1.4177 1.4228 1.414
C1-C6 1.403 1.4029 1.4007 1.4007 1.413
C1-Cc7 1.429 1.4251 1.4308 1.4256 1.421
C2-C3 1.395 1.3946  1.3943 1.3929 1.396
C2-N14 1.375 1.3694 1.3723 1.37 1.371
C3-C4 1.389 1.3858 1.3835 1.386 1.372
C3-H9 1.084 1.0844  1.0833 1.0848 0.949
C4-C5 1.415 1.4142 1.4129 1.4123 1.416
C4-H10 1.081 1.0826  1.0813 1.0827 0.950
C5-C6 1.388 1.3862 1.3826 1.3855 1.369
C5-022 1.373 1.3664  1.3659 1.3659 1.374
C6-H11 1.083 1.0845 1.083 1.084 0.950
C7-C8 1.378 1.3791 1.3703 1.3767 1.369
C7-H12 1.078 1.0791 1.0779 1.0788 0.950
C8-N14 1.381 1.3751 1.3737 1.3755 1.377
C8-C15 1.464 1.4619 1.4681 1.4613 1.455
H13-N14 1.008 1.0083 1.0081 1.0074 0.891
C15-016 1.215 1.2166 1.2069 1.2133 1.211
C15-017 1.347 1.3365 1.3354 1.3412 1.239
C18-017 1.439 1.4357 1.4292 1.4308 1.448
C18-H19 1.091 1.091 1.0903 1.0917 0.980
C18-H20 1.088 1.0876 1.0864 1.0884 0.980
C18-H21 1.091 1.091 1.0903 1.0917 0.980
C23-022 1.419 1.4191 1.4097 1.4111 1.416
C23-H24 1.089 1.0893 1.088 1.0899 0.979
C23-H25 1.096 1.0952 1.0951 1.0969 0.980
C23-H26 1.096 1.0952 1.0951 1.0969 0.980
Bond angle (°)

C2-C1-C6 119.55 119.6074 119.5603 119.5737 120.03
C2-C1-C7 106.84 106.8039 106.8566 106.829 106.59
C6-C1-C7 133.61 133.5887 133.5832 133.5973 133.39
C1-C2-C3 121.37 121.4031 121.4677 121.3741 121.46
C1-C2-N14 107.54 107.6847 107.6798 107.5716 108.06



C3-C2-N14
C2-C3-C4
C2-C3-H9
C4-C3-H9
C3-C4-C5
C3-C4-H10
C5-C4-H10
C4-C5-C6
C4-C5-022
C6-C5-022
C1-C6-C5
C1-C6-H11
C5-C6-H11
C1-C7-C8
C1-C7-H12
C8-C7-H12
C7-C8-N14
C7-C8-C15
N14-C8-C15
C2-N14-C8
C2-N14-H13
C8-N14-H13
C8-C15-016
C8-C15-017
016-C15-017
C15-017-C18
017-C18-H19
017-C18-C20
017-C18-021
H19-C18-H20
H19-C18-H21
H20-C18-H21
C5-022-C23
022-C23-H24
022-C23-H25
022-C23-H26
024-C23-H25
024-C23-H26
H25-C23-H26

131.09
118.17
121.54
120.29
121.10
118.68
120.22
120.85
123.31
115.84
118.96
121.74
119.29
106.97
127.66
125.37
109.58
132.08
118.33
109.07
127.87
123.06
123.50
112.56
123.94
115.84
110.49
105.35
110.48
110.63
109.22
110.64
118.94
105.81
111.65
111.65
109.12
109.12
109.38

130.9122
118.0923
121.4706
120.4371
121.1861
118.6405
120.1734
120.8611
123.0891
116.0498
118.85
121.4815
119.6685
106.784
127.5635
125.6526
109.6743
131.3485
118.9772
109.0531
127.04
123.9069
123.5079
112.3885
124.1036
116.1871
110.4329
105.4598
110.4327
110.3967
109.6599
110.3966
118.6221
105.8793
111.5247
111.5246
109.1371
109.1372
109.5328

130.8524
118.1029
121.4342
120.463
121.0232
118.6365
120.3403
120.9388
123.1238
115.9374
118.9071
121.9535
119.1394
106.5256
128.0832
125.3912
110.182
131.6959
118.1221
108.756
127.9913
123.2528
123.3043
112.5556
124.1402
115.2102
110.2575
105.6595
110.2576
110.7369
109.1585
110.7368
118.1587
106.0639
111.3917
111.3912
109.2342
109.2347
109.4387

131.0543
118.1228
121.5811
120.2962
121.1636
118.665
120.1713
120.824
123.2498
115.9262
118.9418
121.7665
119.2918
106.8286
127.7802
125.3911
109.668
132.1618
118.1702
109.1028
127.9496
122.9476
123.4144
112.5613
124.0244
115.4832
110.5861
105.5124
110.5858
110.525
109.0773
110.5249
118.6156
105.9413
111.7444
111.7442
108.9868
108.987
109.3243

130.48
117.48
121.39
121.29
121.78
119.08
119.15
121.33
113.67
125.08
117.92
121.08
121.00
107.19
126.41
126.41
109.70
130.54
119.70
108.44
126.39
123.99
124.91
112.04
123.05
116.78
109.54
109.45
109.40
109.46
109.46
109.52
117.19
109.50
109.46
109.48
109.47
109.44
109.48

The geometrical parameters for the title compourdpaesented in Table 1. Morzyk-Ociepa
and Rozycka-Sokolowska [24] reported that the caylo acid bond lengths (C=O and C-O) are



1.265A and 1.27Q4, respectively. The computed values among diffeneethods for the 15C-160
bond of the title compound are 1.215, 1.206 and.3 & using B3LYP, M06-2X and B3PW9,
respectively The theoretical values are in good agreement weghXRD value (1.21]&). In the case
of the methoxy group connected to the left sidehef indole ring, the bond lengths of 23C-220
computed with B3LYP, M06-2X and B3PW9 are 1.41910.and 1.411A, respectively, and they are
in good agreement with that of experimental vaIlJ.é:(GA). Whereas the C-O bond (15C-170) on
the right side of the ring is not as same as thtteocomputed values which has difference neatly ~
A. In the case of the N-H bond (H13-N14), the compuialues are found to be higher than the
experimental one (0.89&). It is also found that all of the C—-C, C-N, andHCbond lengths of the
indole group are close to the experimental X-rdfratition (XRD) values. In addition, the calculated
geometrical parameters for the title molecule ie liquid state (ethanol) using the B3LYP method
showed good agreement with the experimental XRDeslwith correlation coefficients 2(}% 0.9892
and 0.9083 for bond lengths and angles, respegtivel

The C-C bond lengths of the indole ring were fotmbe different from those of the benzene
ring, where the difference between the lengthéiefdouble and single bonds is not clearly obsenved
the benzene ring. Thus, the indole C—C single bengths é) were found to be 1.421 (C1-C7), 1.413
(C1-C6), and 1.416 (C4-C5) and the C=C double Hendths é) were 1.369 (C5-C6), 1.372 (C3-
C4), and 1.396 (C2-C3). In contrast to the benzeng the differentiation of double and single bond
lengths is clearly observed. In the case of the Gehd Iengthzé), the values were found to be 1.371
(C2-N14) and 1.377(C8-N14). The calculated valuesewfound to be in good agreement with the
XRD experimental values. There is a slight distortof the indole bond lengths due to the attachment
of the carboxylic acid methyl ester on the riglitesof the indole ring and the methoxy group on the
left side of the indole ring. Upon comparing thetimgsed geometrical parameters with the
experimental XRD data [25] in Table 1, the compytadameters appear to deviate slightly from the
XRD values. This might be because the theoretgglutations were performed in the gas phase, while
the solid state was used in the experimental XRBsuements.

The angle for C8-C15-016 is around 128r the three computed methods, which is close to
the experimental value (12491The angle between the methoxy and carbonyl grésiparound 115
and similarly the angle between indole and methgsgups is around 128both are close to the
experimental values (116.78 and 117.19, respegjivEhe C7-C8-N14 angle was observed at around
11, which is very close to the XRD value at 109.70he angle of the 160-15C-170 functional
group was found to be around 22hd it is close to the experimental value (123.0he angle where
the carboxylic methyl ester group is connected whthindole ring (C8-C15-017) was observed to be
around 112 which is also close to the XRD value (112)04



It can be concluded that the computed geometri@adpeters produced a good approximation
of the structure and that they could be used agoilmedation to calculate the other parameters én th
current work.

3.3. Crystal structure of the MMIC molecule

The asymmetric unit of the MMIC molecule;:81:NOs, has one independent molecule with a
nearly planar indole residue. The crystal strucpaeking of the target molecule is stabilized by on
intermolecular hydrogen bond with N1 works as hgem bond donor while O1 works as hydrogen
bond acceptor. The distance of the interactions/det N1—H1---O1 is 2.03 (1) A and the angle is
160°. Symmetry code: % —-y+1, -z The atomic displacement parameters, fractionamat
coordinates and selected data collection for thestal are displayed in Tables T1, T2 and T3,
respectively.

3.4. Vibrational analysis

The vibrational spectral assignments were complégdecording the FT-IR and FT-Raman
spectra and the theoretically predicted wavenumbsirsg the density functional B3LYP/6-311++G
(d,p) method, as illustrated in Table 2. A scaletda was adopted for the computed infrared and
Raman wavenumbers of the title molecule accordirfgdott and Radon [26]. The RMS value between
the experimental and the predicted vibrational wewbers of the title molecule was calculated to be
26.4098. Figure S1 illustrates the correlation leemvthe computed and experimental wavenumbers
with a coefficient () value = 0.997. None of the predicted vibratiomalvenumbers have any
imaginary frequencies, which proves that the oedistructure is located at the local lowest pomt
the potential energy surface (PES). The title mdie@possesses;®oint group symmetry and it is
distributed as:

I'sn6= 49A° (in-plane) + 23 A™ (out-of-plane) (2)

Here "A™ represents the symmetric planar and "Aepresents the asymmetric non-planar
vibrations. Figures S2 and S3 illustrate the IR &aiman active vibrations of the title molecule,

respectively.



Table 2 Vibrational wavenumbers obtained for the MMIC lewule at B3LYP/6-311++G(d,p) method [harmonic frency (crt), IRi(Km/mol),
Raman Activity é“/amu units)].

Experimental Theoretical Wavenumber

Mode Nos. TED>10%
FT-IR Raman Scaled IRt Ramanac
1 3482b 3532 109.21 77.55 vNH (100)
2 3126w 3149 0.18 72.81 vCH (99)
3 3102 6.09 125.85 vCH (93)
4 3086vw 3087 3.76 105.44 vCH (99)
5 3072 6.72 78.07 vCH (93)
6 3048vw 3053 13.69 82.45 asSH (81)
7 3031vw 3026 26.59 160.66 asH (92)
8 2992vw 2997w 3020 18.82 68.40 a8 (98)
9 2934w 2944w 2953 42.75 73.32 a8y (100)
10 2949 44.86 243.52 sy@H (100)
11 1784s 1782m 2899 72.39 192.40 s@H (92)
12 1746s 1760ms 1687 470.40 447.43 vOC (83)
13 1713vs 1745vs 1614 39.67 28.10 vCC (62)
14 1611s 1615w 1558 12.56 11.95 vCC (32) H3CCC (10)
15 1587s 1597ms 1520 224.35 430.43 vCCC (47)
16 1468 0.07 62.25 vCC (42)
17 1456vs 1453 44.84 6.27 BHCH (70)
18 1449 11.25 16.75 BHCH (89)
19 1442 8.68 16.63 PHCH (81) +yCHOH (11)
20 1434w 1434 15.07 17.79 BHCH (82) +yCHOH (16)
21 1434 9.23 15.55 yCHHH (48)
22 1422 38.61 2.96 BHCO (41) +vCHOH (40)
23 1415 48.94 85.54 BHCC (14) +vCHHH (34)
24 1381vs 1380vw 1398 43.64 218.04 yCCCC(12) +uNC(25) +pCCC(12)



25
26
27
28
29

30

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

47
48

1332vs
1307m
1264m
1220m

1161m

1096m
1039m
1010m
978m

905m

878w

815m
770vs

1309vw
1268vw
1220m

1174m

1153s

1044w
1021s
980vw

884vw

808w

765w

1352
1295
1275
1217

1206

1200

1174
1162
1143
1131
1128
1121
1084
1024
988
924
914
891
849
812
804
770

764
753

44.55
130.73
12.76
1047.21
12.16

50.24

66.61
70.64
38.95
0.71
0.71
24.49
33.31
36.38
48.09
6.42
0.33
1.75
33.25
6.76
2.83
16.71

0.23
48.83

17.25

+ BHNC(11)
vCC (11)

48.07 vCC (48) +uNC (17)
126.93 vOC (10) +BHCC (22) +BCCC (14)
179.23 vOC (31) +BHNC (11)

15.44

8.18

38.80
23.67
7.84
3.33
3.04
8.93
11.22
3.74
6.31
110.32
0.79
0.61
0.24
4.05
2.16
0.30

25.26
0.17

BCCC (12) +BHCC (35)

WNC(10) +vOC (12) +BHNC (19)
+ BHCC (24)

vOC (10) + BHCO (27) +
yCHOH(36)

BHCO (15) +yCHOH (16)

vOC (10) +yCHOH (12)

BHCH (17) +YyCHOH (82)

BHCO (50) +yCHOH (44)

vCC (13) +BHCC (64)

BHCC (40)

vOC (53) +BHCC (14)

uNC(18) +vOC (47)

vOC (20) +BCNC (19)

BCCC (57)

tHCCH (89)

yCCCH (80)

uNC (11) +BCCC (21)

yCCCH (79) +yOCOC (13)
tHCCN (75)

vOC (10) +BOCO (28) +BCOC
(11)

yCCCH (11) +yOCOC (54)



49
50

51
52

53
54

55

56

57
58
59

60
61
62

63
64
65

66
67

707m

682m

594s
552m

464vs

723m
709s

604w

552m

495ms

351w

298w
277vw

261vw

165s
140m

729
718

621
607

587
557

511

448

436
422
360

357
289
280

261
235
209

176
145

14.70
10.83

3.89
0.07

13.09
16.44

1.86

71.37

0.32
0.21
0.11

15.29
14.06
2.11

3.01
0.24
0.31

0.13
1.53

18.06
0.05

6.12
1.21

0.01
3.21

1.46

0.34

3.56
0.80
0.35

0.76
2.23
7.13

0.18
0.09
0.42

1.74
0.81

vCC(23) +vOC (19) +BCNC (14)
1CCCC (57)

BCCC (10) +BCCN (11) +BCCO
(20)

tCCCN (51) +CCCC (10)

tHNCC (11) + tCCCN (31) +
1CCCC (37)

BCCC (36) +4COC (10)

BCCO (26) +BCCC (19) +pCOC
(13)

BHCC (14) +tTHNCC(77) +yCHHH
(34)

vCC(13) +BOCO (10) +BCCC (11)
+BCOC (14)

1CCCC (75)

1CCCO (29) +CCCN (38)

BCCN (18) +BCCO (15) +BCOC
(37)

BOCO (10) +BCOC (55)

v CC(24) +BCCC (12) +BOCO (11)
1CCCC (10) + tCCNC (35) +
1CNCC (11)

tHCOC (75)

BCCO (51) HCOC (23)

vOC(10) + tHCOC (12) +
1CCNC(12) + 1CCOC(20) +
1CCCO(21) +'CNCC(13)

tHCOC (39) + 1CCOC (22) +



1CCCO (13)

68 103vs 119 1.54 0.83 tHCOC (54) +CCOC (27)
69 91 2.27 0.35 BCCO (22) CCC(47)
iNCCO (23) + 1CCOC (20) +
70 72 2.27 0.04 tCNCC (30)
71 69 0.88 1.23  tNCCO (55) +1CCOC (26)
72 43 3.82 0.23  tCCOC (50) +CNCC(21)

IR in-IR intensity;Ram - Raman Activity; w-weak; vw- very weak; s-stromg-very strong; m-medium,; br, sh- broad, shoylder- stretchingpsym —
symmetric stretchinguasy asymmetric stretchingd;: in plane bendingy- out-of —plane bendingr: torsion.



3.4.1. C-H vibrations

The heteroaromatic structure shows the presen€e-df stretching vibrations in the region of
3100-3000 cr, which is characteristic of such vibrations [2W. this region, the bands are not
affected appreciably by the nature of the substtaieThe C-H stretching modes usually appear with
strong Raman intensity and are highly polariseds High polarisation might be the reason for the
absence of Raman bands in the experimental spétttiae indole ring of the MMIC molecule, there
are four C—H bonds (C3-H9, C4-H10, C6-H11, and A2} so we expected to observe four C—H
stretching, C-H in-plane and C-H out-of-plane begdvibrations. In the FT-IR spectrum of the
MMIC molecule, the weak bands at 3126 and 3086were assigned to C—H stretching vibrations.
The theoretically computed wavenumbers for the ttdmpound fall at 3149, 3102, 3087, and 3072
cm™* (mode nos.2-5, respectively) with a TED contribatof about 95%, as shown in Table 2.

The C-H in-plane bending vibration is usually expdco occur in the region of 1300-1000
cm® and these vibrations are very useful for charazton [27]. In the titte MMIC molecule, the
medium bands at 1264 and 1220tin the FT-IR spectrum and medium to weak bands268 and
1220 cnt in the FT-Raman spectrum were assigned to thei@-gtane bending modes of the C3-H9,
C4-H10, C6-H11, and C7-H12 units with a TED conttibn of about 20%. The wavenumbers for
this mode at 1275, 1217, 1206, and 1200 vrare assigned to C—H in-plane bending vibrations

The C-H out-of-plane bending vibrations are notynalbserved as strongly coupled vibrations
and occur in the region of 1000-750"tf28]. The aromatic C—H out-of-plane bending vikas fall
at 849, 804, 764, and 753 ¢nfmode nos. 43, 45, 47, and 48, respectively) byBBLYP/6-311++G
(d,p) method and they showed good agreement wétmetborded FT-IR band at 815 ¢rand the FT-
Raman bands at 808 and 765 trithe computed, as well as the recorded spectta) dere found to
be very consistent with reported values [29,30f TiED contribution is about 70% as a mixed mode
with other vibrations, as shown in Table 2.

3.4.2. O—CHvibrations

The vibrational wavenumbers of the methoxy gromptheé MMIC molecule include a large number of
interesting interactions, such as electronic e$feabtermolecular hydrogen bonding and Fermi
resonance [31]. The electronic effects, such ak Hanation and induction, are mainly caused by the
oxygen atom attached to the €group, which alters the position of the C—H stietg and bending
modes [32,33]. The methoxy group vibrations werseobed in both the IR and Raman spectra as
intense bands, with a large variation from the ramalues of the methyl groups. This is due to the
electronic effect, which led to deviations from #gected values [34]. In the MMIC molecule, the
two methoxy carbon atoms lie in the same planechvis evident from the optimised structure, as

shown in Figure 2. In the present study, the vesgkvands observed in the FT-IR spectrum at 3048,



2944 cnt were assigned to C18-H19, H20, and H21 (asymmsiirétching vibrations) and C23-H24,
H25, and H26 (symmetric stretching vibrations), pegtively. The theoretically computed
wavenumbers for the asymmetric and symmetric $tirggicvibrations were at 3035, 3053, 2620, 3020,
2953 and 2949 crh(mode nos.6-11) with a TED contribution of abo08&@ The O—CH stretching
vibrational mode has been assigned at around 16%0far anisole [35] and at 1000—-100 ¢nfor
anisole and its derivatives [36]. In the MMIC malég; the O—CH stretching mode appeared as a
medium strength band in the FT-IR spectrum at 2040978 crit and as a strong band to a very weak
band at 1021 and 980 &hin the FT-Raman spectrum, showing good agreeméhttie computed
wavenumbers at 1028 and 988 tfmode nos. 38 and 39) and coinciding with the erpental
results, with a TED contribution of about 45%. larsand Algul [37] assigned the C-O—-Cahgle
bending mode to be around at 300 cfor anisole, anda bending mode at 421'dior 4-methoxy
benzaldehyde was found by Campagnaro and Wood {3Blers [39] have assigned the C-O-sCH
bending mode in the region of 670-300cfor anisole and its derivatives, mixed with C—Cas@jle
bending modes. We have assigned the predicted wentgsr at 360 cih(mode no. 59) to be the C—
O-CH; angle bending mode, which showed good agreemeéhttiae@ recorded FT-Raman band at 351
cm™* with a TED contribution of 29%. The torsional moafethe O—CH group vibrations for anisole
has been predicted at around 100'dny some researchers [37-39]. Balafour [36] assighis mode
at 82 cntt, and Lakshmaiah and Rao [40] calculated theseatitiors as 58 crhfor anisole and its
derivatives. In the MMIC molecule, these modes weakulated at 145 and 119 ¢nand were
assigned to the O—GHorsional mode, showing good agreement with theepked FT-Raman spectral
data, as presented in Table 2.
3.4.3. C=0 vibrations

The C=0 stretching vibration typically appears ® foee from other vibrations. In many
carbonyl-containing compounds, the C=0 double Hduamla force constant which is different from the
structural units, such as C=C, C-C, and C-H. Oméydtructural C=C units have force constants of
similar magnitudes to the C=0 group. Carbonyl coumuts show a very intense and narrow band in
the region of 1800-1600 ¢h{41,42]. In the present study, the C15=016 stiatghibrations were
recorded in the FT-IR and FT-Raman spectra at Ef¢b51760 cnl, respectively, as strong bands.
The computed wavenumber for this mode of vibrati@s at 1687 cih (mode no. 12) with a TED
contribution of 83%, showing moderate agreemernt eiperimental and literature data [41,42].
3.4.4. Ring vibrations

The identification of C=N and C—-N vibrations is dfidult task, since the mixing of several
bands is possible in the region. Silversteiiral. [41] assigned C=N stretching absorption in tigae
of 1382—1266 cm for aromatic amines. In benzamide, a band wasreedeat 1368 cihand it was

assigned as C—-N stretching [41]. In the presenkwibie FT-IR and FT-Raman bands observed at



1307 and 978 cih and 1309 and 980 chrespectively, have been assigned as the C—Nlsimgt
vibrations of the MMIC molecule. The predicted \@dwof the C—N stretching vibrations were at 1295,
1200, and 988 cth(mode nos. 26, 30, and 39). The benzene ring nadasbon stretching vibrations
occur in the region of 1430-1625 ¢min general, the bands are of variable intensiéird are
observed at 1625-1590, 1575-1590, 1470-1540, 1486-and 1280—1380 chfrom the frequency
ranges given by Varsanyi [43]. In this work, theveraumbers computed by the B3LYP/6-311++G
(d,p) method for the MMIC molecule at 1614, 155868, 1352, 1295, 1275, 1217, 1174, 1143, 1121,
988, and 812 cith(mode nos. 13, 14, 16, 25-28, 31, 33, 36, 39 andespectively) were designated as
the C—C stretching vibrations. The TED correspogdmall C—C vibrations lies between 30 and 70%,
as shown in Table 2, in combination with C—H infg@abending in this region. The in-plane
deformation vibrationsare found at higher wavenumsittiean the out-of-plane vibrations. Shimanouchi
et al. [39] gave the frequency data for these vibratifmndifferent benzene derivatives as a result of
normal coordinate analysis. The other vibrationsygoted by the B3LYP/6-311++G (d,p) method
showed good agreement with the recorded spectial da

3.5.'H and**C NMR spectral analysis

Application of the gauge independent atomic orbiteGIAO) [44] approach to molecular
systems is considerably more efficient when congpamgh ab initio self-consistent field (SCF)
calculations. The GIAO calculation procedure isesigr since it exhibits faster convergence of the
calculated properties upon extension of the chobasis set. Taking into consideration the
computational cost and the effectiveness of theutations, the GIAO method seems to be preferable
in many aspects. Figure S4 illustrates the corcgldietween the computed and experimental chemical
shift values of the title molecule having corredaticoefficients (B values = 0.865 and 0.990 fti
and**C, respectively.

GIAO 'H and*®C chemical shift calculations for the MMIC molecutere computed using the
B3LYP/6-311++G (d,p) method for the gas and sotupipases and the results are presented in Table
3. The signals of the aromatic protons were obskeate7.37-11.79 ppm. The hydrogen atom is the
smallest atom and it is typically localised at ffe¥iphery of the molecules. Therefore, its chemical
shift is more susceptible to intermolecular intéats in aqueous solution, compared with other
heavier atoms. Attached hydrogen atoms or nearbgtreh-withdrawing atoms or groups will be
subjected to reductions in shielding and their mnasse will move towards a higher frequency. In
contrast, electron donating atoms or groups inerélas shielding and move the resonance towards a
lower frequency. In the MMIC molecule, the obseraed calculated chemical shifts for the hydrogen
atoms of methyl groups are quite low due to th#achment to electron-withdrawing oxygen atoms.
Thus, the methyl protons at C18 and C23 appearsthgkets, with three proton integrals at 3.87 and



3.77 ppm, respectively. The observed chemical shlfies for the other protons are in good agreement
with the computed ones (Table 3).

The range of*C NMR chemical shifts for a typical organic molezwdre usually expected to
be above 10-200 ppm [45,46]. This accuracy ensuedisble interpretation of spectroscopic
parameters. In the present study, the signals wéseat 52.14 and 55.67 ppm in thi€ NMR
spectrum of the MMIC molecule were assigned to metltarbons (C18 and C23). The signals for the
aromatic carbons were observed at 102.43, 11318477, 127.70, 133.23, and 154.44 ppm in'ffle
NMR spectrum for the title molecule, since thosdboa atoms belong to the benzene ring. The indole
carbons (C7 and C8) were observed at 107.82 an®lLppm, respectively. In general, the observed
chemical shift values of the carbons in the MMIClecale are in good agreement with the calculated

values (Table 3).

Table 3 The experimental and theoreticdC and 'H NMR chemical shift values of the MMIC

molecule.
lSC lH
6exp 8calc 8exp 6calc
Atom DMSO Solution Atom DMSO Solution
Gas phase Gas phase
phase phase
Ci1 127.70 135.71 135.16 H9 7.37 7.43 7.64
C2 133.23 137.84 138.03 H10 6.94 7.15 7.34
C3 116.77 114.16 115.49 H11l 7.11 7.42 7.44
C4 113.94 111.85 112.35 H12 7.07 7.17 7.25
C5 154.44 161.84 161.97 H13 11.79 8.31 8.57
C6 102.43 113.35 113.00 H19 3.87 3.95 3.98
Cc7 107.82 111.58 111.23 H20 3.87 3.62 3.78
C8 127.51 133.82 133.82 H21 3.87 3.95 3.98
C15 162.17 168.98 169.82 H24 3.77 4.01 4.08
C18 52.14 53.50 53.93 H25 3.77 3.71 3.81
C23 55.67 55.15 55.49 H26 3.77 3.71 3.81

3.6. UV-visible frontier molecular orbital analysis

The most common types of electronic transitidra bccur in organic molecules are—
n— n andx (acceptor)— = (donor) [47]. The Gausssum 3.0 program [48] wasdu® calculate
group contributions to the molecular orbitals (HOM@J LUMO) and prepare the density of the state
(DOS) spectrum, as shown in Figures 3 and S5, céspl. The DOS spectrum was calculated by
convoluting the molecular orbital information wghGAUSSIAN curve of the unit cell. The recorded
UV-vis absorption spectrum of the MMIC molecule wasorded in acetonitrile, along with the
theoretical simulated spectrum as shown in Figude I8 order to understand the nature of the

electronic transitions, the positions of the expemtal absorption peaks, the calculated absorption



peak fmax, the vertical excitation energies, and the ol strength (f) were calculated and are

presented in Table 4.

LUMO

4.08 e\

HOMO

Figure 3. HOMO-LUMO representation of the MMIC molecule.

Table 4. Calculated and experimental absorption wavelengthergies and oscillator strengths of the
MMIC using TD-DFT method at the B3LYP/6-311++G (d,p

Excitation Gas Phase Acetonitrile Phase Experinhenfsssignments In solvent
Cl Wavelength Oscillator Cl Wavelength Oscillator major
expansion (nm) Strength expansion (nm) Strength contribution
coefficient coefficient (>10%)
Excited state 1 59760 344.68 0.0445  0.69961 349.77 0.0594 296 g HPLO7%)
Excited state 2 H-1-L
0.68266 0.69072 .
015527 288.05 0.4696 012666 295.24 0.5926 247 -AT (93%)
Excited state 3 -0.10932 H—-L+2
0.69274 248.79 0.0002 0 .67908 246.33 0.0253 228 -An (96%)

The first transition was from the O(22)¢kb the carboxylate group C(O)Ogldnd the other
two transitions took place in the indole ring ND48C-7C and 2C-1C. Table 4 shows the oscillator
strengths, which indicate the intensity of thesagitions. The transitions in the gas phase ar#16.,0
0.4696, and 0.0002for O(22)GHC(O)OCH, 8C-7C and 2C-1C, respectively. In the acetoaitril
phase, the same transitions are 0.0594, 0.592).82&, respectively. These oscillator strength eslu

showed that only the first two transitions will peesent in the experimental and theoretical UV-vis



spectra. This is exactly what was observed in kbt experimental and theoretical spectra in
acetonitrile, at wavelengths 295 and 246 nm inekgerimental spectrum and at 349 and 295 nm in
the theoretical spectrum of the MMIC molecule. Teresponding values in the gas phase are at 344
and 288 nm, respectively. The surface of the fesntholecular orbital was described in order to
understand the bonding scheme of the MMIC molechlteur important molecular orbitals were
examined i.e. the highest (HOMO) and the seconddsigoccupied (HOMO-1) MOs, as well as the
lowest (LUMO) and the second lowest unoccupied (LUM1) MOs. The predicted HOMO-LUMO
molecular orbitals for the MMIC molecule are showrFigure 3. The HOMO is located over the ether
group, the HOMG->LUMO transitions denote that the electron densitlf transfer from the ether
group to the ring system. The energy gap betweerthtMO and LUMO of the title molecule in the
gas phase is 4.083 eV. The HOMO-LUMO contributionthe first transition is 93%, which is the
reason for the very high stabilisation energy asdillator value for this transition. The absorption
wavelength values are almost equal in the gas phaadein acetonitrile, which indicates that the
influence of the solvent in the optical activitytoe molecule is negligible.

Chemical hardness is a good indicator of the chansi@bility. The chemical hardness of the
title molecule was found to be around 2.0 eV ans ¥alue is slightly decreased going from the gas
phase to the solvent phase using either the B3LYReB3PW9 method. The chemical softness was
around 0.5 eV, indicating that the chemical hardnisvery high and hence, the compound is
chemically stable. Similarly, the calculated elentgativity using the B3LYP method was observed to
be 3.7 eV in the gas phase and 3.8 eV in etharadelElectronegativity is a measure of the atacti
of an atom for electrons in a covalent bond. Whea tifferent atoms are covalently bonded, the
shared electrons will be more strongly attractetthéoatom with greater electronegativity.

The electrophilicity index is a measure of the ggdowering due to the maximal electron flow
between the donor (HOMO) and the acceptor (LUMGbI& 5 shows that the electrophilicity index
of the MMIC molecule using the B3LYP method was23e¥/ in the gas phase and 3.62 eV in ethanol.
These are moderate values, and ensure strong etnangyormation between the HOMO and LUMO
[49]. The dipole moment in a molecule is anothegpamant electronic property. When a molecule has
a large dipole moment, intermolecular interacti@ne very strong. The calculated dipole moment
value for the title compound is 0.93 D in the ghage and 1.39 D (using B3LYP) in the solvent phase.
These are comparatively high, indicating that théMI molecule has strong intermolecular

interactions.



Table 5. HOMO, LUMO, Kubo gap, global electronegativitylolgal hardness and softness, global
electrophilicity index, and dipole moment of the MB/molecule.

Parameters Gas Ethanol
B3LYP/ 6- B3LYP/ 6- B3PW91/ 6- MO06-2X/ 6-
311G++ (d,p) 311G++ (d,p) 311G++(d,p) 311G++(d,p)

E+omo (eV) 5.722 5.858 5.7692 6.9956
ELumo (eV) 1.639 1.804 1.8285 0.6576
AEwomo - ELumo gap(eV) 4.083 4.054 3.9406 6.3379
Chemical hardness)( 2.041 2.0271 1.9703 3.1689
Global softness) 0.489 0.493 0.5075 0.6311
Electronegativityy) 3.680 3.831 3.7989 3.8266
Electrophilicity index() 3.318 3.621 3.6622 2.3105
Dipole moment ) 0.9333 1.3852 0.9277 0.7434

3.7. Molecular electrostatic potential (MEP) anasys

The MEP is used to analyse the reactivity of mdkesuin most MEP diagrams, electrophilic
attack is indicated as red and nucleophilic atteckepresented in blue. The MEP diagram also
displays the molecular shape, size, and negatogtiype and neutral electrostatic potentia colour
grading and helps researchers to analyse the pmly®mical properties of molecules [50]. The
different colours in Figure S7 represent differealues of electrostatic potential at the surfacéhef
MMIC compound. The electrostatic potential increasethe order red<orange<yellow<green<blue.
The colour code of the maps was found to be inréimge of -0.454 a.u (deepest red) to 0.454 a.u
(deepest blue), where the red colour indicatesttungest repulsion and the blue colour indicdtes t
strongest attraction. Regions of negative V(r) asmially associated with the lone pair of an
electronegative atom. As seen in Figure S7, negaiectrostatic potential is present over the oryge
atoms of the C=0 and OGHjroups and a region with positive electrostatiteptal is present over
the hydrogen atoms and ring system. The high ptimooof the light green colour probably represents
the halfway point between the two extremes, redtdod. This analysis provides information about
regions where the compound can be subject to imlegular interactions.
3.8. Hyperpolarisabilities

Properties such as polarisability and hyperpolhaiiiba were calculated for the title molecule
in the gas phase. An isolated molecule of MMIC tedk&n and the NLO properties were studied using
the DFT technique in order to show any indicatidnN@O character according to its calculated
polarisability, hyperpolarisability and dipole momte The hyperpolarisability and dipole moment
values of urea as studied by Casstlgl [51] were considered as a reference.



Hyperpolarisabilities are very sensitive to the &yed basis sets and levels of theoretical
approach [52-54]. Thus, the electron correlation change the value of hyperpolarisability. It is
already established that the molecular hyperpahiitsy and mechanical stabilities are enhanced in
organic molecules containing O—H and N-H groupsijcwhare involved in the hydrogen bond
interactions [55]. Urea is one of the prototypinablecules used in the study of the nonlinear optica
(NLO) properties of molecular systems. Therefarédas frequently been used as a threshold value for
comparative purposes. The highest values of th@elipoment were found to be 0.8352 and 0.8064 D
along |xcomputed from B3LYP and B3PW91 methods, respegtiatl 6-311++G (d,p) basis set. For
the Y and Z directions, the values are equal t8&24and 0.4586 D, and 0.0017 and 0.0005 D using
the B3LYP and B3PW91 methods, respectively. Howeter dipole moment calculated by the M06-
2X/6-311++G (d,p) method is much lower than thatoted from the other two methods, as shown in
Table 6. The first order hyperpolarisability totalue for the MMIC molecule calculated using the
B3LYP and B3PW91 methods with the 6-311++G (d,@ibaet are 11.146xF0and 11.124x16°
esu, respectively, whereas the value obtained Mid6-2X/6-311++G (d,p) is 9.443xTHesu, as
illustrated in Table 7. The first order hyperpatability of the MMIC molecule is about 30 (using
B3LYP and B3PW91) and 25 (using M06-2X) times gee#ttan that of urea (0.3728 x¥tesu). This
large hyperpolarisability value of the title moléeundicates that it has considerable NLO optical
properties. Therefore, the title molecule can bejesied to future studies to investigate its NLO
properties.

Table 6. The calculated electric dipole moment (Debye congnts for the MMIC molecule) by
B3LYP, B3PW91 and M06-2X methods at 6-311++G (thgmis set.

Parameter B3LYP/6-311++G (d,p) B3PW91/6-311++G (d,pM06-2X/6-311++G (d,p)

Mx 0.8352 0.8064 0.4942
My 0.4382 0.4586 0.5553
Mz 0.0017 0.0005 0.0006

M 0.9432 0.9277 0.7434




Table 7. Calculatedd components anfl: (x10°°esu) value of the MMIC molecule using B3LYP,
B3PW91 and M06-2X methods at 6-311++G (d,p) basdis s

B components B3LYP/6-311++G (d,p) B3PW91/6-311++G (d,p) M06-2X/6-311++G (d,p)

a.u a.u a.u
Broos -1356.6407 -1345.1045 -1133.9397
Py 97.7461932 92.7165419 90.4670
B 20.7961061 17.6896171 10.1928
Py 25.8027336 27.0419735 25.1735
B 0.0367924 0.0341322 0.03341
Bry: 0.0162696 0.0155299 0.01567
Byy: -0.015457 -0.0148109 -0.0129
Pra 56.2656156 49.625379 40.1164
Pyz 41.5670401 39.0049653 27.4046
Pz 0.0917631 0.082628 5 0.07404
Brot 11.146x10° esu 11.124x1# esu 9.443x16° esu

3.9. Natural bond orbital (NBO) analysis

NBO analysis is an effective tool for the chemidaterpretation of hyperconjugative
interactions and electron density transfer from filed lone pair orbital of one subsystem to the
vacant orbital of another subsystem. DFT calcufetiare used to analyse the various second order
interactions between the filled orbitals and vacariiitals of a system, giving a measure of the
delocalisation and hyperconjugation [56,57]. Thedrgonjugative interaction energy can be obtained
from the second order perturbation method as:

)

2 2
(o|F|o) ij
0 -~

E(2) = —-n = —n

€ov— 60 AE 2)
Where<cs|Fb>2 or Fijz is the Fock matrix element between the i and j NBRitals,e; ande,+ are the

energies ofc andc* NBOs, andn, is the population of the donar orbital [58].The NBO analysis
shows the various possible donors and acceptatseimolecule with their occupancy value in each
position. Similarly, the various possible transisoamong these donors and acceptors are provided.
The intramolecular interaction is formed by orbibalerlap between bonding C-C, C-O and C-H to
anti-bonding C-C, C-0O and C-H, which leads to mtskecular charge transfer (ICT) to stabilise the
molecule. TheE® value in Table 8 shows that the larger #@ values, the more intense the
interactions between the electron donors and ascepbups i.e. the greater the electron donating
tendency from electron donors to electron acceptbesgreater the extent of conjugation in the whol

system.



The electron density of the conjugated systemsaédide double bond of the MMIC molecule
is (~1.6 to 1.9 e), which denotes the strong ddikaifon in the molecule. For example, the
intramolecular hyperconjugation interaction of (C3-C4) distributed tar*(C1-C2), (C1-C6) has
stabilisation energies of 17.11 and 18.30 KJ/modl the C5-C6 distributed to the (C1-C2 and C3-
C4) has stabilisation energies of 18.77 and 18.34nkl. In the same way, for the->n* transition
observed in the indole ring C7-C8, energy is distied to C1-C2 and C15-016 with stabilisation
energies of 22.24 and 19.08 KJ/mol. The other itians are shown in Table 8.

The magnitudes of the charge transfer from the lpae of the nitrogen atom LPN14 to
various C—C bonds are as follows: C7-C18 and CIrc21*, 37.03 and 35.94 KJ/mol, respectively),
LPO16 to C15-017 and C8-C15+m*, 31.49 and 16.33 KJ/mol, respectively), LPO17Cb3-014
(n—m*46.17 kJ/mol) and 022 to C5-C6-fw* 25.65 KJ/mol). Transitions with higher stabilisat
energies are correlated with the UV-visible transs.



Table 8 Second order perturbation theory of the Fock m&tBO analysis of the MMIC molecule.

. : E(2) EG)-E®) .

Donor (i) Type ED/e Acceptor (j) Type ED/e (Ki/Mol) (a.u) F(i,)) (a.u)
C1-C2 c 1.95891 C1-C6 c* 0.01948 3.01 1.24 0.055
C1-C2 c 1.95891 C2-C3 c* 0.02138 4.26 1.23 0.065
Ci1-C2 o 1.95891 C7-H12 o* 0.01123 3.44 1.11 0.055
Ci1-C2 o 1.95891 H13-N14 o* 0.01806 4.15 1.05 0.059
Ci1-C2 T 1.56457 C3-C4 * 0.35245 20.40 0.27 0.067
C1-C2 T 1.56457 C5-C6 T 0.34778 18.34 0.28 0.065
C1-C2 T 1.56457 C7-C8 T 0.33971 19.24 0.27 0.066
C1-C6 c 1.97339 C1-C2 o* 0.02864 3.38 1.23 0.058
C1-C6 o 1.97339 Ci1-C7 o* 0.01815 3.81 1.23 0.061
C1-C6 o 1.97339 C5-022 o* 0.02944 3.43 1.05 0.054
Ci1-C7 c 1.97033 C1-C6 o* 0.01948 3.93 1.24 0.063
C1-C7 c 1.97339 C2-C3 o* 0.02138 3.70 1.23 0.060
C2-C3 c 1.97613 C1-C2 o* 0.02864 4.35 1.24 0.066
C2-C3 c 1.97613 C2-N14 o* 0.02381 2.33 1.17 0.047
C2-C3 o 1.97613 C3-C4 o* 0.01164 2.81 1.30 0.054
C2-N14 o 1.98535 C1-C6 o* 0.01948 2.26 1.39 0.050
C2-N14 c 1.98535 C2-C3 o* 0.02138 2.23 1.38 0.050
C2-N14 c 1.98535 C8-C15 o* 0.05994 2.52 1.25 0.051
C3-C4 c 1.97245 C2-N14 o* 0.02381 5.96 1.16 0.074
C3-C4 T 1.75388 C1-C2 T 0.51136 17.11 0.29 0.067
C3-C4 T 1.75388 C5-C6 T 0.34778 18.30 0.29 0.067
C3-H9 o 1.97908 Ci1-C2 o* 0.02864 4.13 1.06 0.059
C3-H9 o 1.97908 C4-C5 o* 0.02927 3.77 1.07 0.057
C4-C5 c 1.97779 C3-C4 o* 0.01164 2.85 1.29 0.054



C4-C5
C4-H10
C4-H10

C5-C6

C5-C6

C5-C6

C5-C6
C5-022
C5-022
C6-H11

C7-C8

C7-C8

C7-C8

C7-C8
C7-H12
C7-H12
C8-N14
C8-C15
C8-C15

H13-N14
C15-0O16
C15-0O16
C15-017
017-C18
C18-H19
C18-H20
C18-H21

A a9 a a a 3 aa aaaaa3aaaaaaaaaaaqaaaa

1.97779
1.97650
1.97650
1.97197
1.97197
1.69983
1.69983
1.99133
1.99133
1.97661
1.97355
1.97355
1.79173
1.79173
1.98149
1.98149
1.98248
1.97570
1.97570
1.98902
1.99522
1.98245
1.99277
1.99162
1.99462
1.99218
1.99462

C5-C6
C2-C3
C5-C6
C4-C5
C4-C5
C1l-C2
C3-C4
C3-C4
C1-Co6
C4-C5
C1-Co6
H13-N14
C15-016
C1l-C2
C8-N14
C1-C2
C2-C3
C17-C18
C7-C8
C7-C8
C8-C15
C7-C8
C8-N14
C8-C15
017-C18
C15-017
017-C18

Q 9 9 9 a9 83 a9 a9 9 a a9 a a9 3 83 9 a9 a9 a9 a9 a g a a a a a
* Ok ok kK k% ok ok Kk F Sk k% ok F ok kX 3k  k  F  *  * ok

>

0.01949
0.02138
0.01949
0.02927
0.02927
0.02864
0.35245
0.01164
0.01948
0.02927
0.01948
0.01806
0.29065
0.51136
0.02103
0.02864
0.02138
0.01535
0.01494
0.01494
0.05994
0.33971
0.02103
0.05994
0.01535
0.09692
0.01535

4.07
3.47
3.85
3.84
4.41
18.77
18.54
1.02
1.42
4.65
5.39
3.32
22.24
16.08
3.17
2.07
4.40
3.77
3.47
1.79
2.09
4.76
1.92
2.32
0.54
2.80
0.54

1.28
1.10
1.11
1.24
1.24
0.28
0.28
1.47
1.47
1.05
1.29
1.10
0.27
0.29
0.98
1.07
1.37
0.96
1.29
1.27
1.52
0.42
1.37
1.27
0.79
0.89
0.79

0.065
0.055
0.058
0.062
0.066
0.069
0.065
0.035
0.041
0.065
0.075
0.054
0.070
0.066
0.050
0.042
0.069
0.054
0.060
0.043
0.051
0.043
0.046
0.049
0.019
0.046
0.019



022-C23 o 1.99335 C5-C6 c* 0.01949 2.40 141 0.052
C23-H24 o 1.99083 C5-022 c* 0.02944 3.53 0.89 0.050
N14 LP(1) 1.62108 C7-C8 c* 0.01494 37.03 0.29 0.093
N14 LP(1) 1.62108 C1l-C2 c* 0.02864 35.94 0.29 0.094
016 LP(1) 1.98023 C8-C15 c* 0.05994 2.09 1.15 0.044
016 LP(2) 1.85113 C15-017 * 0.09692 31.49 0.63 0.128
016 LP(2) 1.85113 C8-C15 * 0.05994 16.33 0.72 0.099
017 LP(1) 1.96296 C15-0O16 c* 0.01911 7.62 1.17 0.085
017 LP(2) 1.79555 C15-0O16 n* 0.29065 46.17 0.33 0.113
022 LP(1) 1.96303 C4-C5 c* 0.02927 6.75 1.08 1.08
022 LP(2) 1.85531 C5-C6 n* 0.34778 25.65 0.34 0.089




4. Conclusions

A complete vibrational analysis of methyl 5-metha*y-indole-2-carboxylate (MMIC) was
carried out using various DFT methods with the &31+(d,p) basis set. The computed geometrical
parameters produced a good approximation and tleeg wsed as a foundation to calculate the other
parameters in the current investigation. The Fuhid FT-Raman spectra of the MMIC molecule were
recorded and the observed wavenumbers were fouié twell consistent with the computed ones.
The TED contribution was about 70% as a mixed nwaitle other vibrations.

The absorption wavelength values in the UV studtheftitle molecule are almost equal in the
gas and liquid phases, indicating that the infleéeoicthe solvent in the optical activity of the malile
is negligible. The calculated hyperpolarisabiliglues of the MMIC molecule are higher than those of
the reference NLO compound (urea) and hence MMIR lma considered as a new NLO organic
material. The results of the current investigatraight support the development of new bioactive
indole-bearing molecules.
Supplementary Information

Figures S1-S7as well as the X-ray data Tables (T1-T3) are giwenthe supporting
information.
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Figures Legends

- Scheme 1: Synthesis of the MMIE) (molecule.

- Fig. 1: Crystal packing of the MMIC molecule.

- Fig. 2: Optimized structure of the MMIC molecule.

- Fig. 3: HOMO-LUMO representation of the MMIC moide.



. DFT investigations on C;; H13NOg, a potential precursor to bioactive

compounds
. FT-IR, FT-Raman, *H and *C NMR spectral analyses were recorded.
. The geometrical parameters confirm the XRD data.

. The HOMO-LUMO and NLO properties of the title molecule were calculated



