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a b s t r a c t

A new mecarbinate derivative, ethyl 6-bromo-5-((5-bromopyrimidin-2-yl)oxy)-2-((2,6- dimethylmor-
pholino)methyl)-1-methyl-1H-indole-3-carboxylate (1), was synthesized, and single crystals were grown
by the gradual evaporation of acetone under ambient conditions. The optimized molecular crystal
structure was determined based on DFT calculations at the B3LYP/6311G (2 d, p) level. Experimental and
theoretical studies on the structure of the titled compound are presented.

© 2019 Elsevier B.V. All rights reserved.
1. Introduction

Indole derivatives constitute a class of very important organic
and chemical products. Mecarbinate, an indole derivative, has been
extensively applied in chemical and pharmaceutical industries as
an important intermediate of arbidol hydrochloride (and its 4-
substituted derivatives) [1], which is an effective antiviral and
immunomodulatory drug [2,3]. Mecarbinate derivatives have been
receiving attention since the 1960s due to their biological activity
[4,5]. For example, 5-hydroxy-1,2-dimethyl-6-fluoro-1H-indole-3-
carboxylate hydrochlorides and ethyl 5-hydroxy-4-(dimethylami-
nomethyl)-1-methyl-6-pyidin-3-yl-2-(phenylsulfinylmethyl)-1H-
indole-3-carboxylate have been reported to exhibit antiviral ac-
tivity against hepatitis C virus (HCV) [6]. In addition, 1-benzyl-2-
dimethylaminomethyl-3-carbethoxy-5-acetoxy-6- bromo indole
hydrochloride exhibited anti-influenza activity in studies employ-
ing a mouse model for influenza pneumonia [7]. Roller et al. [8]
reported that N-benzyl substituted analogs of the anti-
inflammatory drug, indomethacin, and indomethacin-related N-
benzyl indoleacetamide, exhibited multidrug resistance related-
protein 1 (MRP-1) modulatory activities [9] and selective
Sciences, Guizhou University,
cyclooxygenase-2 (COX-2) inhibition [10]. Moreover, indomethacin
is used for the treatment of periarthritis, rheumatoid arthritis,
osteoarthrosis, gout, ankylosing spondylitis, musculoskeletal sys-
tem diseases, inflammatory diseases of connective tissue, throm-
bophlebitis, and other diseases accompanied by inflammation [11].
Over the years, the extensive application of mecarbinate derivatives
has driven researchers to synthesize new analogs of them [6,12].

In this study, we synthesized compound 1, a new mecarbinate
derivative, which included a pyrimidine ring and a morpholine
ring. To the best of our knowledge, this compound has not been
reported as far as its relevance is concerned. To further study the
biological activity of the titled compound, this study fully explores
the structural characterization of the compound. The structure of
compound 1was characterized by 1H NMR, 13C NMR, FT-IR, andMS.
Furthermore, the crystal structure was determined by single-
crystal X-ray diffraction analysis, and the geometric data were
calculated using the Gaussian 09 program package based on den-
sity functional theory (DFT).
2. Experimental

2.1. General remarks

Mass spectra were recorded in ESI mode on an Agilent 1100 LC-
MS instrument (Agilent Technologies, Palo Alto, CA, USA). 1H NMR
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Table 1
Gibbs free energies (G), relative Gibbs free energies (△G)a and Boltzmannweighting
factor (P%)b of 1 conformers by using the DFT/B3LYP/6-311G (2 d, p) method.

Conformer G (kcal mol�1) △G (kcal mol�1) Pi%

1e1 �4116613.84 0 38.01
1e2 �4116613.61 0.2284 25.74
1e3 �4116613.52 0.3156 22.19
1e4 �4116613.25 0.5829 14.06

a Which related to the most stable conformer.
b Boltzmann weighting factor (Pi%) based on △G.
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and 13C NMR spectra were recorded on a Bruker ARX-400, 400MHz
spectrometer (Bruker Bioscience, Billerica, MA, USA) using TMS as
an internal standard. The IR spectrum of the titled compound was
recorded on a Bruker IFS-55V IR spectrometer (Bruker, Germany),
in the region of 4000e400 cm�1 using the KBr pellet technique
with 1.0 cm�1 resolution. The X-ray diffraction data of the crystal of
1 were recorded using a Bruker P4 X-diffractometer; the data were
collected using a graphite-monochromated Mo Ka radiation
(l¼ 0.71073 Å) at 296 (2) K. For 1, the data collection: APEX2; cell
refinement: SAINT; the program used to solve structures: SHELXS-
97; the program used to refine structures and draw molecular
figures: SHELXTL-97; the program used to measure centroid-
centroid distance: Mercury 2.3. All the materials were obtained
from commercial suppliers and were used without further
purification.

2.2. Experimental details

The synthesis route of compound 1 is shown in Scheme 1. The
specific details are provided in Supplementary Information.

2.3. X-ray crystal structure determination

The title compound 1 was dissolved in acetone and the solvent
was slowly evaporated under air at room temperature. A few days
later, the title compound single crystal suitable for X-ray crystal-
lographic analysis was obtained. A colorless transparent crystal
having a size of 0.22mm� 0.20mm� 0.18mm was selected to be
mounted on the glass fiber in a random direction for data collec-
tion. X-Ray diffraction data of the title compound crystal were
recorded with a Bruker P4 X-diffractometer and the data were
collected by using graphite -monochromated Mo-Ka radiation
(l¼ 0.71073 Å) at 296 (2) K. A total of 15607 reflections were
collected in the range of 1.41e25.32� (index ranges:
14� h� 18, �12� k� 13, �16� l� 17) by using an 4-u scan mode
and 4346 were independent with Rint¼ 0.0390, of which 2724
observed reflections with I> 2s (I) were used in the structure
determination and refinements. The structure was solved by direct
methods with SHELXS-97 program [13]. Refinements were done by
full-matrix least-squares on F2 with SHELXL-97 [13]. The hydrogen
atoms were determined with theoretical calculations.
Scheme 1. Synthesis ro
2.4. Quantum chemistry/DFT calculation

The DFT calculations were performed in the ground state (in
vacuo) with Gaussian 09 software packag [14] by using the B3LYP
method with the 6-311G (2 d, p) basis set. The geometrical, elec-
tronic and energy parameters were extracted from Gaussian 09
program [15] based on the optimized structures.
3. Results and discussion

3.1. Conformational determination

The conformation of a molecule critically influences its physical
and chemical properties [16,17]. Thus, reliable conformational
analysis plays a key role in understanding the structure of a
molecule. The initial conformational search of compound 1 was
performed by the Spartan 08 program [18] with an MMFF [19,20]
molecular mechanics force field. Subsequently, geometry optimi-
zations and frequency calculation of all the possible conformers
were performed at the DFT/B3LYP/6-311G** [21,22] level using the
Gaussian 09 package [23]. From the relative free energies, the
percentage population of each conformation in a room-
temperature equilibrium mixture was predicted. The relative
Gibbs free energies and Boltzmann distribution of 1 are shown in
Table 1.

The relatively stable conformers of compound 1 are given in
Fig. 1. For compound 1, conformers 1e1 (38.01%),1e2 (25.74%),1e3
(22.19%), and 1e4 (14.06%) are significantly populated at room
temperature.
ute of compound 1.



Fig. 1. Relatively stable conformers of 1.

Table 2
Crystal data and parameters for structure refinement of the titled compound,
C23H26Br2N4O4.

Compound （1）

CCDC 1487099
Molecular formula C23H26Br2N4O4

Molecular weight 582.03
Crystal system/Space group Monoclinic, P2 (1)/c
a, b, c(Å) 15.2683(8), 11.6093(5), 14.3751(7)
a, b, g (o) 90.00, 109.07, 90.00
V (Å3) 2408.23
Z 4
Dcalc (g cm�3) 1.606
m (mm�1) 3.403
Radiation l (Å) 0.71073
Ranges/indices (h, k, l) �14, 18; �12, 13; �16, 17
q limit (o) 2.25e21.02
Parameters 372
T, K 296 (2)
Crystal dimensions (mm) 0.22� 0.20 x 0.18
Reflections measured 15607
Unique reflections 4346
Observed reflections (I> 2s(I)) 2724
R1, wR2 (I> 2s(I)) 0.048,0.167
Goodness of fit on F2 0.960
Programs SHELX97
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The differences between the four conformers were attributed to
the orientation of the ester group. The ground-state energies of 1e1
and 1e2, and 1e3 and 1e4 are similar and only a slight difference
between the orientations of ethyl in the five-member heterocyclic
group was observed.

To obtain in-depth insight into the structural characteristics of
the designed analogs, an X-ray structure analysis of 1 was per-
formed. The crystal of 1 was grown by the gradual evaporation of
acetone under ambient conditions, and a suitable crystal was ob-
tained for crystallographic analysis. The measured value showed
that 1 has a monoclinic system with a P2 (1)/c space group [cell:
a¼ 15.2683 (8) Å, b¼ 11.6093 (5) Å, c¼ 14.3751 (7) Å, a¼ 90.00�,
b¼ 109.07�，g¼ 90.00�, V¼ 2408.23Å3, Z¼ 4, and
m¼ 3.403mm�1].

The crystal structure of 1was comparedwith the DFT-optimized
structures. The conformer 1e4 calculated by DFT is consistent with
the crystal conformation obtained by X-ray diffraction, as shown in
Fig. 2.

Themain crystallographic data are summarized in Table 2. Some
geometric parameters of the experimental values of crystal 1 and
the calculated values of conformer 1e4 are listed in Table 3. As
expected, most of the calculated geometry parameters for com-
pound 1 are close to the X-ray data.

The title compound hydrogen bond details are listed in Table 4.
Furthermore, the intramolecular C (10)eH (10) … O (2), C (13)dH
(13B)/N (4) and C (17)dH (17B)/O (3) as well as intermolecular C
(1B)eH (1B)/O (3) and C (23)dH (23A) … N (2B) hydrogen bonds
found in the title compound play a major role in stabilizing the
molecule (Fig. 3C). In addition to the afore-described interactions, it
is worth noting that the crystal packing is further stabilized by one
weak p-p stacking interactions. The perpendicular distance was
found with distances of two benzene rings of two molecules being
3.64 Å (Fig. 3B).

3.2. Molecular electrostatic potential(MEP)

To gain information on the region in which conformer 1e4 (the
major conformer) undergoes intermolecular interactions, the mo-
lecular electrostatic potential was investigated by the B3LYP/6311G
Fig. 2. DFT-optimized and
(2 d, p) method. In the MEP map, the different electrostatic po-
tentials at the surface are represented by different colors, and the
potential increases in the order of red ＜orange＜yellow＜green＜
blue. The color code of the maps in the range�6.0 e�2 (deepest red)
to 6.0 e�2 (deepest blue) in title molecule surface, where red color
denotes the electron rich area and blue region indicates electron
deficient region. As shown in Fig. 4, the N2 atom in pyrimidine of
the conformer 1e4 is surrounded by negative charges, indicating
some possible nucleophilic attack sites. In addition, the positive
charge regions are located on the H atom of the C13 atom.
3.3. Frontier molecular orbitals

Frontier molecular orbitals investigation frequently shows
crystal structures of 1.



Table 3
Selected experimental and calculated geometry parameters for 1.

Bond Distances (Å) Exp.a Calcd.b Difference Bond Distances (Å) Exp.a Calcd.b Difference

Br (2)eC (6) 1.893 1.914 0.021 C (5)eO (1) 1.385 1.395 0.010
N (1A)-C (4A) 1.294 1.328 0.034 C (8)eN (3) 1.374 1.384 0.010
N (1A)-C (1A) 1.321 1.334 0.013 C (12)eN (3) 1.386 1.373 �0.013
C (1A)-C (2A) 1.323 1.389 0.066 C (13)eN (3) 1.467 1.459 �0.008
C (2A)-C (3A) 1.429 1.393 �0.036 C (14)eO (3) 1.218 1.218 0.000
C (2A)-Br (1A) 1.888 1.905 0.017 C (14)eO (2) 1.331 1.353 0.022
C (3A)-N (2A) 1.359 1.330 �0.029 C (15)eO (2) 1.469 1.450 �0.019
N (2A)-C (4A) 1.422 1.333 �0.089 C (17)eN (4) 1.472 1.472 0.000
C (4A)-O (1) 1.374 1.354 �0.020 C (18)eN (4) 1.477 1.468 �0.009
C (20)eC (23) 1.470 1.520 0.050 C (18)eC (19) 1.543 1.528 �0.015
C (20)eC (21) 1.510 1.529 0.019 C (19)eO (4) 1.429 1.433 0.004
C (21)eN (4) 1.445 1.466 0.021 C (19)eC (22) 1.499 1.519 0.020
C (5)eC (6) 1.414 1.407 �0.007 C (20)eO (4) 1.465 1.431 �0.034

Bond angle [�] Exp.a Calcd.b Difference Bond angle [�] Exp.a Calcd.b Difference

C (4)-N (1)-C (1) 114.8 116.251 1.5 O (3)-C (14)-O (2) 122.4 122.069 �0.3
N (1A)-C (1A)-C (2A) 121.4 121.384 0.0 O (3)-C (14)-C (11) 125.2 126.231 1.0
C (1A)-C (2A)-C (3A) 118.0 117.332 �0.7 O (2)-C (14)-C (11) 112.4 111.699 �0.7
C (1A)-C (2A)-Br (1A) 124.6 121.390 �3.2 O (2)-C (15)-C (16) 105.2 107.601 2.4
C (3A)-C (2A)-Br (1A) 117.2 121.277 4.1 N (4)-C (17)-C (12) 111.8 112.849 1.0
N (2A)-C (3A)-C (2A) 122.7 121.669 �1.0 N (4)-C (18)-C (19) 106.7 110.161 3.5
C (3A)-N (2A)-C (4A) 103.7 115.941 12.2 O (4)-C (19)-C (22) 109.9 107.278 �2.6
N (1A)-C (4A)-O (1) 118.0 119.194 1.2 O (4)-C (19)-C (18) 109.5 110.060 0.6
N (1A)-C (4A)-N (2A) 133.0 127.420 �5.6 C (22)-C (19)-C (18) 110.2 112.794 2.6
O (1)-C (4A)-N (2A) 107.4 113.385 6.0 O (4)-C (20)-C (23) 108.6 107.298 �1.3
C (10)-C (5)-O (1) 118.5 118.452 0.0 O (4)-C (20)-C (21) 108.3 110.172 1.9
O (1)-C (5)-C (6) 119.6 120.130 0.5 C (23)-C (20)-C (21) 111.7 112.798 1.1
C (4A)-O (1)-C (5) 116.0 119.494 3.5 N (4)-C (21)-C (20) 110.2 110.317 0.1
C (14)-O (2)-C (15) 115.9 116.428 0.5 C (8)-N (3)-C (12) 109.5 109.282 �0.2
N (3)-C (8)-C (7) 129.0 129.167 0.2 C (8)-N (3)-C (13) 125.0 124.425 �0.6
N (3)-C (8)-C (9) 108.3 108.202 �0.1 C (12)-N (3)-C (13) 125.5 126.222 0.7
C (10)-C (9)-C (11) 134.8 135.013 0.2 C (21)-N (4)-C (17) 109.3 111.043 1.7
C (11)-C (12)-N (3) 108.3 109.239 0.9 C (21)-N (4)-C (18) 109.8 110.028 0.2
C (11)-C (12)-C (17) 130.3 129.685 �0.6 C (17)-N (4)-C (18) 110.8 112.490 1.7
N (3)-C (12)-C (17) 120.8 121.049 0.2 C (19)-O (4)-C (20) 110.0 112.659 2.7

a Experimental geometry parameters for molecule 1.
b Calculated geometry parameters for conformer 1e4.

Table 4
Hydrogen bonds for the title compound (Å, �).

DdH … A d (DeH) d (H,,,A) d (D,,,A) :DHA

C (1B)eH (1B)/O (3)ⅰ 0.93 2.50 3.270 (19) 140
C (10)eH (10) … O (2) 0.93 2.54 3.015 (8) 112
C (13)dH (13B)/N (4) 0.96 2.45 3.155 (10) 130
C (17)dH (17B)/O (3) 0.97 2.46 3.116 (8) 125
C (23)dH (23A) … N (2B)ⅱ 0.96 2.44 3.30 (2) 150

Symmetry code: (i) -x, 1/2 þ y, 3/2 - z; (ii) 1 þ x, y, z.

Fig. 3. (A) The crystal packing of title compound; (B) p-p stacking of compound 1 and
centroidecentroid distances between two molecules; (C) The distance of the hydrogen
bond of the title compound.
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important in reactive prediction [24,25]. The highest occupied
molecular orbital (HOMO), which is regarded as an electrons donor,
is related to potential electron delocalization directly. The energy of
HOMO reveals ability of charges transfer. On the other hand, the
lowest unoccupied molecular orbital (LUMO) describes an area
where electrons can be accepted, and the energy of LUMO is
regarded as electron affinity [26]. The energy of band gap expresses
the energy difference between this two important FMOs which
signifies the stability of molecular structure.

To investigate the chemical stability of conformer 1e4, the en-
ergies of the highest occupied molecular orbital (HOMO), the
lowest unoccupied molecular orbital (LUMO), and their orbital
energy gap were calculated by the B3LYP/6-311G (2 d, p) method.
The pictorial illustration of the frontier molecular orbitals (FMOs)
and their respective positive and negative regions represented by
red and green colors are shown in Fig. 5. The values of LUMO and
HOMO were �1.7943 eV and �6.1631 eV, respectively. The value of
the energy separation between the HOMO and LUMO
was �4.3688 eV for conformer 1e4. The large HOMOeLUMO gap
automatically implied high excitation energies of the excited states
and good stability. Furthermore, the ionization energyand electron
affinity can be expressed as: I¼ -EHOMO¼ 6.1631 eV, A¼ -
ELUMO¼ 1.7943 eV. The hardness, which can be denoted as: h ¼ (I-
A)/2, indicates the resistance toward the deformation of the elec-
tron cloud of chemical systems under small perturbation



Fig. 4. Molecular electrostatic potential map of conformer 1e4.

Fig. 5. The highest occupied and lowest unoccupied molecular orbitals of conformer
1e4 obtained by the DFT/6311G (2 d, p) method.
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encountered during chemical process [27e29]. The hardness of
compound 1 is 2.1844 eV.

3.4. Vibrational analysis

3.4.1. Carboxylate group (eCOOe) vibrations
For the primary ester groups, the stretching deformation vi-

bration is generally indicated by a sharp absorption peak in the
region around 1735 cm�1 (VC¼O) and two or three strong correla-
tion absorption bands in the region between 1300 and 1050 cm�1

(VCeOeC). The frequency band indicative of C]O shifts to the right
if the carbonyl group in the ester group is conjugated to the aro-
matic ring. Thus, the stretching vibration of C]O is indicated by a
very strong band at 1688 cm�1, as showed in Supporting Informa-
tion. This band is attributed to the relatively strong conjugation
effects of the indole ring, and the absorption bands at 1688 cm�1

were assigned to the asymmetrical stretching mode of C]O in
molecule 1.

3.4.2. Ether (CeOeC) vibrations
The CeOeC stretching vibrations are expected within the region

of 1270e1010 cm�1. Both the asymmetric stretching vibration fre-
quency and the symmetric stretching peak intensity increase when
the oxygen atom of ether oxy is connected to the aromatic ring or
alkenyl group. There are two kinds of ethers positioned at different
chemical locations in the title molecule. One is an aromatic oxide
and its asymmetrical stretching vibration and symmetrical
stretching vibration frequencies are 1238 cm�1 and 1036 cm�1,
respectively, since the ether group is connected to the pyrimidine
ring and the indole ring, which can be explained by the resonance
effect. In addition, according to the above analysis, the vibrational
frequencies observed at 1113 cm�1 in the IR spectrum are assigned
to the stretching vibrations of the ether, which is located in the
morpholine ring.
3.4.3. CeBr vibrations
The vibration belonging to the CeBr bond, through which the

halogen atom and the ring are linked, is indicated since it is possible
that the vibrations are mixed due to the lowering of the molecular
symmetry and the presence of heavy atoms [30e32]. In the organic
halogen compounds, the bands at 1360e1000 cm�1,
760e505 cm�1, and 650e485 cm�1 may be assigned to the CeF,
CeCl, and CeBr stretching vibrations, respectively [33]. In our dis-
cussion, a shift in the absorption frequencies of CeBr may occur
owing to the vibrational coupling with neighboring C groups. The
strong IR bands obtained at 710 cm�1 and 604 cm�1 for C30Br33 and
C2Br25, respectively, may be attributed to the stretching vibrations
of CeBr.
3.4.4. C]C vibrations
The peaks at approximately 1600 cm�1 and 1500 cm�1 are the

characteristic absorption bands of the stretching vibrations of the
aromatic ring skeleton. In compound 1, one of the C]C stretching
vibrations of the aromatic ring overlaps with the vibrations of the
C]O stretching mode. The bands at 1560 cm�1 and 1550 cm�1 may
be assigned to the stretching vibrations of C]C. Moreover, the C]N
stretching vibrational bands, which are too weak to be identified
except in the presence of other substituent groups in the IR spec-
trum, usually coincides with the C]C vibrational bands in the re-
gion of 1690e1590 cm�1. Consequently, it is not discussed herein.
3.4.5. eCH group vibrations
The aromatic CeH stretching vibrations in the substituted

benzene rings are generally indicated by the bands in the high
region of 3000e3100 cm�1 [34,35]. As shown in Fig. S2, the weak
band at 3054 cm�1 in the IR spectrum can be assigned to the CeH
stretching modes of the pyrimidine ring. For this compound, the
bands due to the CeH stretching modes of the benzene ring were
observed at 3451 cm�1.
3.4.6. eCH2 group vibrations
Compound 1 has four CH2 groups with sp3 hybridization. Here,

the bands indicative of the asymmetric stretching and scissoring
vibration of the methylene group are expected in the regions of
2940e2915 cm�1 and 1385e1345 cm�1, respectively [36]. In addi-
tion, the average peak at 2936 cm�1 in the IR spectrum is attributed
to the asymmetric stretching vibrationmode of CH2(C15), while the
strong bands at 1479 cm�1 indicate the scissoring vibrations of
CH2(C17), CH2(C18), and CH2(C21).
3.4.7. eCH3 group vibrations
Compound 1 has three CH3 groups. The bands, indicative of the

methyl (eCH3) symmetric stretching frequencies, appear in the
region of 2885e2860 cm�1, whereas those of the asymmetric
stretching frequencies lie in the range of 2975e2950 cm�1 [37]. In
Fig. S2, the bands at 2970 cm�1 and 2876 cm�1 are assigned to the
asymmetric stretching vibration and symmetric stretching vibra-
tion of CH3, respectively. Two strong and sharp peaks indicative of
the asymmetrical deformation vibration and symmetrical defor-
mation vibration are observed at 1445 cm�1 and 1373 cm�1,
respectively.
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4. Conclusion

In this study, a mecarbinate derivative, ethyl 6-bromo-5-((5-
bromopyrimidin-2-yl)oxy) -2-((2,6-dimethylmorpholino)methyl)-
1-methyl-1H-indole-3-carboxylate, was synthesized by a 7-step
reaction. Subsequently, the optimized structures of the molecule
were determined based on DFT calculations by the B3LYP method
with the 6-311 þ G (2 d, p) basis set. The structures optimized by
the DFT method were compared with those determined by X-ray
diffraction studies. The results show that the crystal structures
determined by single crystal X-ray diffraction and DFT calculations
are very similarity.
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