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 Abstract 

In this text, we synthesized and characterized a new spirooxindole 

grafted pyrrolidino/piperidine moieties. The new hit obtained via 

one-pot reaction of the chalcone based cyclohexanone with the 

isatin and (R)-piperidine-2-carboxylic acid in MeOH under reflux 

for 48 h. The compound exclusively obtained in regio-selective 

and diastereo-selective manner. The chemical feature of the target 

compound is confirmed by 1H NMR and 13C NMR spectroscopy. 

In addition, we reported for the first time the X-ray single crystal 

structure of isatin. Its molecular packing  depends mainly on 

strong O…H hydrogen bonds and π-π stacking interactions as well 

as weak H…H and H…C contacts. Using DFT calculations, isatin 

is a polar molecule with a net dipole moment of 5.912 Debye. 

Also, the calculated structure agreed very well with the 

experimental one. The charge distribution at the different atomic 

sites is calculated using NBO calculations.  

 

Keywords: Spirooxindole, pyrrolidino/piperidine DFT, Hirshfeld 

analysis. 

1. Introduction 

Drug discovery and modern medicinal chemistry 

with the tremendous progress by discovering the 

natural and synthetic products have been gain 

much attention (Li et al., 2018). In the past 

century, natural products have been achieved 

enormous success in the drug innovation in the 

area of oral availability, biological compatibility, 

but the drug-resistance remain a challenge for the 

most natural products with potential 

pharmacological effects. Therefore, 

pharmacologists and chemists gave a more 

attention to diverse the functional diversity and 

structural features of natural products, with an aim 

to overcome the existing problems. Specifically, 
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the alkaloids spirooxindole scaffold, as a class 

member of the oxindole environmentally natural 

products (Kaur et al., 2016), (Tantawy et al., 

2017), (Newman et al., 2016). The first example 

was first isolated from Apocynaceae and 

Rubiaceae plants. The spirooxindole scaffold is a 

privileged structure consisting of two basic 

substructure units: the first unit is oxindole with 

multiple functionality, which can acts as acceptors 

or donors with the biological targets via hydrogen 

bonding interaction. The second unit is a 

carbocyclic or heterocyclic moiety fused with 

oxindole ring at the C-3 position. It provides an 

opportunity to regulate many physicochemical 

properties and the liposolubility of spirooxindole 

(e.g: anti–inflammatory, anticancer, analgesic, 

antimicrobial, antimalarial, antioxidant, antiviral, 

antidiabetic, antiatherosclerotic, and insecticidal 

activities) and unique spatial architecture of 

spirooxindole have got a remarkable attention of 

many pharmacologists and chemists (Tantawy et 

al., 2017). Accordingly, the significant biological 

activities (Arun et al., 2013), (Lotfy et al. 2017), 

(maiulo et al., 2018) (Barakat et al., 2018), (Lotfy 

et al., 2018), (Lotfy et al., 2019), (Barakat et al., 

2020). 

In this text, we applied the combinatorial approach 

of the 1,3-dipolar cycloaddition between  chalcone 

based cyclohexanone with isatin and the (R)-

piperidine-2-carboxylic acid to synthesize a new 

spirooxindole hit. In addition, for the first the X-

ray single crystal and the supramolecular 

structures of isatin are presented. Also, its 

electronic aspects were analyzed using DFT 

calculations. 

2. Experimental 

2.1. General 

The 1H NMR and 13C NMR spectra of a new 

spirooxindole hit 4 were recorded on a JEOL 400-

MHz spectrometer (JEOL, Ltd, Tokyo, Japan) at 

ambient temperature. The solvent used was 

DMSO-d6; the chemical shifts (δ) were given in 

ppm. Single crystal X-ray data of isatin 2 were 

collected on a Rigaku Oxford Diffraction 

Supernova diffractometer at 120 K.  

(3'R)-3-((E)-benzylidene)-2'-phenyl-6',7',8',8a'-

tetrahydro-2'H,5'H-dispiro[cyclohexane-1,1'-

indolizine-3',3''-indoline]-2,2''-dione 4 

A mixture of 2,6-di((E)-benzylidene)cyclohexan-

1-one 1 (137mg, 0.5mmol), isatin 2 (73.5mg, 0.5 

mmol) and (R)-piperidine-2-carboxylic acid 3 

(64.5mg, 0.5 mmol) in methanol (10 mL) was 

refluxed on oil bath for 1h. After completion of the 

reaction as evident from TLC, the mixture was 

kept for slow evaporation. The resulting solid was 

filtered and recrystallized from ethanol to yield a 

faint yellow powder (207.5 mg, 0.42 mmol, 85%). 

m.p: 154-155 °C; IR (KBr, cm–1): 3255, 2939, 

1710, 1620, 1535, 1490, 1260; 1H NMR (400 

MHz, CHLOROFORM-D) δ 8.67 (s, 1H), 7.37 (t, 

J = 7.3 Hz, 2H), 7.33 – 7.12 (m, 8H), 7.09 – 6.98 

(m, 2H), 6.99 (s, 1H), 6.94 (s, 1H), 6.75 (d, J = 7.9 

Hz, 1H), 4.40 (d, J = 10.3 Hz, 1H), 3.80 (t, J = 

10.3 Hz, 1H), 2.40 (dt, J = 15.2, 3.9 Hz, 2H), 2.23 

(s, 2H), 2.19 (d, J = 11.0 Hz, 0H), 2.11 (q, J = 8.5 

Hz, 1H), 1.72 (dd, J = 23.4, 11.2 Hz, 2H), 1.44 (t, 

J = 7.1 Hz, 1H), 1.34 (dq, J = 8.8, 4.3 Hz, 3H), 

1.34 – 1.15 (m, 2H), 1.08 (dt, J = 15.6, 8.0 Hz, 

1H); 13C NMR (101 MHz, CHLOROFORM-D) δ 

202.41, 178.30, 141.53, 138.90, 138.28, 137.93, 

136.03, 130.52, 129.87, 129.77, 129.12, 128.20, 

126.71, 122.79, 109.33, 63.38, 62.10, 56.04, 45.67, 

31.08, 28.67, 25.72, 23.98, 20.04, 1.13; LC/MS 

(ESI): 489.25 [M+ H]+
; Anal. for C33H32N2O2; 

calcd C, 81.12; H, 6.60; N, 5.73.; Found: C, 81.22; 

H, 6.63; N, 5.784. 

 

2.2. Single-Crystal X-Ray Diffraction Analysis 

X-ray diffraction data of target molecule was 

collected on Bruker D8 Venture Diffrectometer 

with the aid of Cu Kα (λ = 0.71073Å) radiation 

source and CMOS Photon 100 detector 100. Data 

integration, and reduction were carried out by 

APEX 3 software package (Rikagu et al., 2018) 

followed by use of SHELXL programs to solve 

and refine the final structure (Sheldrick et al., 

2015), Table 1. Geometrical calculations and inter-

molecular interaction studies were performed on 

PLATON and Mercury 3.10.1, respectively 

(Sheldrick et al., 2015), (Hubschle et al., 2011). 

ORTEP diagram, Fig. 1, described the three-

dimensional representation of title compound. 

2.3. Hirshfeld surface analysis 

The topology analyses were performed using 

Crystal Explorer 17.5 program (Turner et al., 

2017). 

2.4. Computational methods 

All DFT calculations were performed using 

Gaussian 09 software package (Frisch et al., 2007) 

utilizing B3LYP/6-31G(d,p) method. Natural 

charge populations were performed using NBO 3.1 
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program as implemented in the Gaussian 09W 

package (Reed et al., 1988). 

 

3. Results and Discussion 

3.1. Chemistry 

The synthesis of the new substituted spirooxindole 

is outlined in Scheme 1. Multi-component one-pot 

reaction approach to furnish the requisite 

compound in a high purity as well as regio-

selective and diastero-selective fashion was 

employed. Assignment of the chemical features of 

the substituted spirooxindole analogue is based on 

the spectrophotometric techniques. 1H NMR and 
13C NMR spectra showed all features of corrected 

protons and carbon, respectively, Figures 1 and 2. 

 

Scheme 1. Synthesis of the spiroxindole derivative 4 

 

Figure 1. 1HNMR of spiroxindole derivative 4 

 

 

Figure 2. 13CNMR of spiroxindole derivative 4 

3.2. Crystal Structures of Compound 2 

A suitable single crystal obtained by slow 

evaporation of the isatin in EtOH. Isatin is 

crystallized in monoclinic crystal system and space 

group P21/c with one molecule per asymmetric 

unit and Z=4. The structure details and refinement 

parameters are listed in Table 1. The X-ray 

structure with thermal ellipsoids at 50% 

probability level along with atom numbering is 

given in Figure 3 while the bond distances and 

angles are listed in Table 2. 

 
Table 1. Crystal and refinements data of isatin 2 

CCDC No.  2034244  

Empirical formula  C8H5NO2  

Formula weight  147.13  

Temperature  120(2) K  

Wavelength  1.54184 Å  

Crystal system  Monoclinic  

Space group  P21/c  

Unit cell dimensions a = 6.1475(3) Å α= 90°. 

 B = 14.5787(7) Å β= 

93.758(4)° 

 c = 7.0751(4) Å γ= 90° 

Volume 632.73(6) Å3  

Z 4  

Density (calculated) 1.545 Mg/m3  

Absorption coefficient 0.950 mm-1  

F(000) 304  

Crystal size 0.152 x 0.062 x 

0.043 mm3 

 

Theta range for data 

collection 

6.071 to 76.544°.  

Index ranges -7<=h<=5, -

18<=k<=16, -

8<=l<=7 

 

Reflections collected 3820  

Independent 

reflections 

1298 [R(int) = 

0.0243] 

 

Completeness to theta 

= 67.684° 

100.0 %   

Absorption correction Gaussian  

Max. and min. 

transmission 

1.000 and 0.744  

Refinement method Full-matrix least-

squares on F2 

 

Data / restraints / 

parameters 

1298 / 0 / 104  

Goodness-of-fit on F2 1.047  

Final R indices 

[I>2sigma(I)] 

R1 = 0.0381, 

wR2 = 0.0986 
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R indices (all data) R1 = 0.0466, 

wR2 = 0.1041 

 

Extinction coefficient n/a  

Largest diff. peak and 

hole 

0.327 and -0.200 

e.Å-3 

 

 

 
Figure 3. X-Ray structure with atom numbering and 

thermal ellipsoids at 50% probability level for isatin 

Table 2.  Selected bond lengths [Å] for isatin 

Bond  Distance  Bond  Angle  

O(1)-C(1)  1.2193(18) C(1)-N(1)-C(8) 111.50(12) 

O(2)-C(2)  1.2092(18) O(1)-C(1)-N(1) 127.99(13) 

N(1)-C(1)  1.3512(19) O(1)-C(1)-C(2) 126.18(13) 

N(1)-C(8)  1.4094(18) N(1)-C(1)-C(2) 105.83(12) 

C(1)-C(2)  1.5662(19) O(2)-C(2)-C(3) 131.42(13) 

C(2)-C(3)  1.4630(19) O(2)-C(2)-C(1) 123.76(13) 

C(3)-C(4)  1.388(2) C(3)-C(2)-C(1) 104.82(11) 

C(3)-C(8)  1.400(2) C(4)-C(3)-C(8) 120.71(13) 

C(4)-C(5)  1.394(2) C(4)-C(3)-C(2) 132.19(13) 

C(5)-C(6)  1.395(2) C(8)-C(3)-C(2) 107.10(12) 

C(6)-C(7)  1.395(2) C(3)-C(4)-C(5) 118.47(14) 

C(7)-C(8)  1.379(2) C(4)-C(5)-C(6) 119.86(14) 

  
C(7)-C(6)-C(5) 122.16(14) 

  
C(8)-C(7)-C(6) 117.21(14) 

  
C(7)-C(8)-C(3) 121.59(13) 

  
C(7)-C(8)-N(1) 127.67(13) 

  
C(3)-C(8)-N(1) 110.74(12) 

 

Molecular packing of compound 2 is controlled 

mainly by strong N1-H1…O1 hydrogen bond. The 

hydrogen bond parameters are given in Table 2 

where each two isatin molecules form a hydrogen 

bonded dimer as shown in Figure 4. Donor-

acceptor distance for this interaction is 2.902(2) Ǻ. 

 
Figure 4. Molecular packing of isatin molecules via 

N-H…O hydrogen bonds 

Table 3. Hydrogen-bond geometry (Å) 

D—H···A D—H H··A D··A D—H··A 

N(1)-

H(1)…O(1)#1 

0.91 

(2) 

2.00 

(2) 

2.9023 

(16) 

167.2 

(18) 

Symmetry codes: #1; -x,-y+1,-z+1 

3.3. Analysis of molecular packing 

The Hirshfeld surfaces of isatin is shown in Figure 

5 while the whole set of intermolecular contacts 

contributing in its molecular packing are listed in 

Table 4 and presented graphically in Figure 6. The 

molecules are mainly packed by strong O…H 

(41.7%) and C…C (13.2%) interactions. These 

interactions appeared as red regions in the dnorm 

map indicating significantly short contacts with 

intermolecular distances shorter than the van der 

Waals radii sum of the interacting atoms, Figure 7. 

The shortest interactions are O1…H4 (2.546 Ǻ), 

O2…H6 (2.466 Ǻ), O1…H1 (1.912 Å) and 

C7…C8 (3.379 Å). The short C…C contact 

distance and the presence of complementary 

red/blue triangles in the shape index map of isatin 

as indicated by black arrow in Fig. 7 revealed very 

well the π-π interactions. The rest of 

intermolecular contacts are weak and have less 

significance. For example, the H…H (23.5%) and 

H…C (12.2%) contacts appeared as white or blue 

regions in the dnorm indicating weak interactions 

with intermolecular distances equal or longer than 

the van der Waals radii sum of the interacting 

atoms, Figure 7. 
 

  

dnorm 

  

Shape index 

  

Curvedness  

Figure 5. Hirshfeld surfaces of compound 2 
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  Table 4 Summary of the intermolecular 

interactions in compound 2 

Contact  Percentage 

O…O 2.5 

N…O 0.4 

C…O 2.2 

O…H 41.7 

N…H 1.7 

H…H 23.5 

C…N 2.6 

H…C 12.2 

C…C 13.2 

C…O 2.2 

 

 
Figure 6. Pie chart showing the weight percentage of 

the different contacts sharing in the molecular 

packing of compound 2 

 
Figure 7. Fingerprint plots (upper) and dnorm 

surfaces (lower) of the strong O...H and C...C 

interactions as well as the weak H…H and H…C 

contacts  

DFT studies 

The optimized geometry of compound 2 is 

presented in Fig. 8. Structure matching between 

the computed molecular geometry with the 

experimental one indicated very well the 

agreement between them. The maximum deviation 

in the bond distances not exceeds 0.04 Ǻ while for 

bond angles the maximum deviation is 1.8º. The 

high correlation coefficients between the 

experimental and calculated geometric parameters 

are also good indicators on the good agreement 

between the calculated and experimental 

structures, Fig. 9. 

  
Figure 8. The optimized geometry (left) and overlay 

of the optimized with experimental structures, 

(right) for compound 2 

 

 
Figure 9. Correlation between the calculated and 

experimental geometric parameters 

 

The partial atomic charges using NBO method 

revealed the high electronegative nature of 

nitrogen and oxygen atoms. The partial charges of 

the oxygen atoms are -0.478 and -0.533 while the 

nitrogen has partial charge of -0.647 e. All 

hydrogen atoms have positive partial positive 

charges while carbon atoms have negative partial 

charges except carbon atoms attached directly to 

electronegative atomic site, Figure 10. For 

example, the amidic carbon which is directly 

attached to N and O sites has the highest positive 
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charge among carbon atoms (+0.622). Also, the 

molecule is polar with a net dipole moment of 

5.9122 Debye.  

 
Figure 10. Natural partial atomic charges on the 

different atomic sites for compound 2 

In addition, the molecular electrostatic potential 

(MEP) mapped over electron density for isatin 

molecule is shown in Figyre 11. It clearly 

indicated that the high electron density is related to 

the carbonyl oxygen atomic sites which are the 

most preferred sites for hydrogen bonding as 

hydrogen bond acceptor. In contrast, the blue 

region around the N-H proton suggesting it to be 

the best site as hydrogen bond donor which agree 

with the X-ray structure of isatin 2. 

 
Figure 11. The MEP showing dipole moment vector, 

HOMO and LUMO of compound 2 

The HOMO and LUMO frontier molecular orbitals 

are also shown in Figure 11. These orbitals and 

their energies are important for the molecule 

reactivity (Tannor et al., 1994), (Marten et al., 

1996), (Chang et al., 2001), (Sebastian et al., 

2010), (Kosar et al., 2011), (Singh et al., 2013). 

Their energies were calculated to be -6.560 and -

2.657 eV, respectively. In this regard, the 

ionization potential (I) and electron affinity (A) are 

6.560 and 2.657 eV, respectively while the 

hardness, electrophilicity index and chemical 

potential are 3.904, 2.720 and -4.608 eV, 

respectively. As can be seen from the HOMO and 

LUMO distribution, the lowest energy intra-

molecular charge transfer has mainly π- π* 

transition characters. 

 

4. Conclusions 

We have been combined a set of phamracophors in 

one hybrid complex molecule based on indolinone, 

cyclohexanone, pyrrole and piperidine scaffolds in 

one pot transformation starting from the chalcone. 

Isatin architecture is assigned based on X-ray 

single crystal structure technique. Also, 

computational studies on isatin were carried out. 

The biological activity of the target compound will 

be explored in the near future. 
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