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ABSTRACT. The synthesis of three spiro compounds has been achieved by a solvent-free method, and the 

compounds have been fully characterized.  The crystal X-ray structure of 3H spiro[1,3-benzothiazole-2,1’-

cyclohexane] (1) has been presented. Compound 1 crystallizes in the Orthorhombic space group Pna21 with four 
(4) molecules in the unit cell characterized by unit cell parameters a = 7.7154(5) Å, b = 17.015(1) Å, c = 8.0771(5) 

Ǻ, α = β= γ = 90°.  The experimental bond lengths and bond angles have been compared with DFT-computed results. 

The Hirshfeld surface analysis of compound 1 showed that H-H interaction accounted for 68.9% of the overall 
crystal packing, the C-H (18.5%), S-H (9.6%), and N-H (3.0%). The in-silico ADMET carried out on the compounds 

showed that the compounds can be good candidates as potential drugs. 
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INTRODUCTION 

 

Spiro compounds are compounds containing two rings with one shared carbon atom that is sp3 

hybridized. The compounds occur widely in nature with potential for a wide range of activities 

[1, 2]. Spiro compounds have been synthesized by different techniques [1-10].  They have been 

studied because of their versatility; they have found use as antitumor agents [3-6], anti-

inflammatory agents [7-9], and anti-microbial agents [10].  Spiro-type compounds have found 

application as molecular hole-conduction materials [11]. Some conjugated acetylene-linked 

compounds containing methoxy triphenylamine terminal groups and thiophene derivatives have 

been accessed and used as hole-transporting materials [12]. Hole transport materials have been 

designed for application in quantum dot sensitized solar cells. Substituents on phenyl groups 

enhanced the hole transport features of these materials. When hydrogen was the only substituent, 

the compounds exhibited higher hole mobility than when spiro compounds were used [13-15].  

The synthesis of some spiroindoles have been achieved via microwave irradiation. The indol-2,3-

diones reacted with different heterocyclic amines to give Schiff bases, which were then converted 

to spiro compounds [16]. The synthesis of fluorinated spiro[3H-indole-3,20-tetrahydro-1,3-

thiazine]-2,40(1H)-diones, fluorinated spiro[3H-indole-3,20-thiazolidine]-2,40 (1H)-diones was 

achieved by using an ionic liquid as a catalyst and initiated by microwave irradiation [17]. 

Microwave irradiation has been used on solvent-free systems to achieve greater yields in synthesis 

[18]. Shorter reaction times have been achieved by microwave irradiation in reaction systems that 

contain organic solvents [19]. Microwave irradiation has been used in some nanoparticle-

catalysed reactions [20]. A series of spiro[(2H,3H)quinazoline-2,1`-cyclohexan]-4(1H)-one 
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derivatives have been synthesized as poly-ADP ribose polymerase (PARP-1) inhibitors. Most of 

the compounds showed effective anti-proliferative activity against breast carcinoma cell lines and 

were effective against the target PARP-1 enzyme [9]. The insertion of a methylene group have 

been achieved in the synthesis of 3′-methylene bis(4-hydroxyquinolin-2(1H)-ones). In silico 

results showed that, the compounds have good binding affinity to the severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2 main protease (Mpro) when compared with Darunavir 

[10]. We herein report, the Hirshfeld surface analysis, computational studies, and absorption, 

distribution, metabolism, excretion, and toxicity (ADMET) analysis of three 3H spiro[1,3-

benzothiazole- derivatives. 

 

MATERIALS AND METHOD 

 

Sigma Aldrich (USA) supplied analytical-grade reagents and solvents for synthesis, including 2-

Aminophenol, cyclohexanone, cycloheptanone, and cyclooctanone, while Merck Chemicals (SA) 

supplied ethanol, methanol, and ethyl acetate. The chemicals were employed as they were 

delivered, meaning they were not further purified. Using DMSO-d6 as the solvent and 

tetramethylsilane as the internal standard, 1H and 13C-NMR spectra were captured on a Bruker 

Avance AV 400 MHz spectrometer running at 400 MHz for 1H and 100 MHz for 13C, and 

chemical shifts (ppm are used to express chemical changes. A Bruker Platinum ATR 

Spectrophotometer Tensor 27 was used to record FT-IR spectra. A Vario Elementar Microcube 

ELIII was used to conduct elemental analysis. A Stuart Lasec SMP30 was used to estimate melting 

points, and an Agilent 7890A GC System coupled to a 5975C VL-MSC with electron impact as 

the ionization mode and triple-axis detection was used to determine the masses. A 30 m x 0.25 

mm x 0.25 µm DB-5 capillary column was installed in the GC. Helium was employed as the 

carrier gas at a pressure of 63.73 kPa, a flow rate of 1.63 mL.min−1, and an average velocity of 

30.16 cm s−1.  

 

3H spiro[1,3-benzothiazole-2,1’-cyclohexane] (1)  

 

2-Aminothiophenol (0.02 mol, 2.50 g) was mixed with 

cyclohexanone (0.02 mol, 1.96 g) in a round-bottom flask and 

heated at a consistent temperature with stirring for 12 hours. The 

reaction mixture was allowed to cool, and 30 mL of methanol was 

added to dissolve it. The product was recrystallized and obtained as 

a light brown solid from ethanol: ethyl acetate (1:1).  Yield = 84%, m.p = 93-94 °C, 1H-NMR 

(ppm): 6.95 (d, J = 6.4 Hz, 1H), 6.82 (t, J = 6.4, 7.2 Hz, 1H), 6.54 (d, J = 7.2 Hz, 2H), 6.43 (s, 

1H), 2.08 (m, 2H), 1.80 (m, 4H), 1.47 (m, 2H), 1.25 (m, 2H). 13C-NMR (ppm): 147.6 (C-N), 125.4 

(CH), 125.1 (C), 121.7 (CH), 118.4 (CH), 109.2 (CH), 80.7 (C), 41.0 (CH2CH2), 25.0 (CH2), 24.0 

(CH2CH2).  IR (νmax, cm−1): 3329 (N–H), 2949 (C–H), 2953 (C–H), 1580 (C=C), 1456 (C–N), 

1393 (C-N). Anal. calcd. for C12H15NS: C, 70.20; H, 7.36; N, 6.82; S, 15.62. Found: C, 70.15; H, 

7.28; N, 6.72; S, 15.50. LRMS (m/z, M+): Found for C12H15NS = 205.32, Expected mass = 205.20. 

The 5-chloro-4’-ethyl-3H-spiro[1,3-benzothiazole-2,1’-cyclohexane] derivative has been 

synthesized by the reaction of 2-amino-4-chlorothiophenol (0.01 mol) and 4-ethylcyclohexanone 

(0.01 mol) in absolute ethanol (50 mL) under reflux on a water bath for 8 h. [21]. 

 

3H-spiro[benzo[d]thiazole-2,1'-cycloheptane] (2)  

 

2-Aminothiophenol (0.02 mol, 2.50 g) was mixed with cycloheptanone 

(0.02 mol, 2.24 g) in a round-bottom flask and heated under reflux at 

a constant temperature for 12 hours. The reaction mixture was cooled, 

and 30 mL of methanol was added to dissolve it. The product was 



Synthesis and, computational studies of some 3H spiro[1,3-benzothiazole –derivatives 

Bull. Chem. Soc. Ethiop. 2026, 40(1) 

107 

recrystallized and obtained as a brown solid from ethanol: ethyl acetate (1:1).  Yield = 71%, m.p 

= 92-93 °C 1H-NMR (ppm): 7.01 (s, 1H), 6.95 (d, 1H, J = 7.6 Hz), 6.87 (t, 1H, J = 7.6 Hz), 6.57 

(m, 1H), 2.37 (m, 2H), 2.18 (m, 2H), 1.89 (m, 2H), 1.76 (m, 2H), 1.66 (m, 2H), 1.39 (m, 2H) . 
13C-NMR (ppm): 149.6 (C=N), 126.2 (Ph–H), 122.9 (C), 122.2 (Ph–H), 118.9 (Ph–H), 109.2 (Ph–

H), 82.8 (C), 38.3 (CH2), 38.0 (CH2), 29.3 CH2), 26.3 (CH2), 25.6 CH2).   IR (νmax, cm−1): 3322 

(N–H), 3224 (N–H), 2947 (C–H), 1668 (C=C), 1602 (C=C), 1525 (C=C), 1300 (C–O). 

Anal.calcd. for C13H17NS: C, 71.18; H, 7.81; N, 6.39; S, 14.62. Found: C, 71.11; H, 7.73; N, 6.32; 

S, 14.53. LRMS (m/z, M+): Found for C13H17NS = 219.21, Expected mass =219.35. 

 

3H-spiro[benzo[d]thiazole-2,1'-cyclooctan] (3)  

 

2-Aminothiophenol (0.02 mol, 2.50 g) was mixed with cyclooctanone 

(0.02 mol, 2.52 g) and heated under reflux at a constant temperature for 

12 hours. The product was recrystallized and obtained as a brown solid 

from ethanol: ethyl acetate (1:1). Yield = 68%, m.p = 89-91 °C, 1H 

NMR (ppm): 7.01 (br, 1H), 6.95 (d, J = 7.2 Hz, 1H), 6.87 (t, J = 72, 7.6 Hz, 1H), 6.57 (t, 2H), 

2.826 (t, J = 11.6Hz, 2H), 2.37 (m, 2H), 2.18 (t, J =10-14.4 Hz, 2H), 1.91 (m, 2H), 1.77 (m, 2H), 

1.652 (m, 2H), 1.45 (m, 2H). 13C-NMR (ppm):  149.5 (C=N), 126.3 (Ph–H), 122.9 (C), 121.8 

(Ph–H), 119.0 (Ph–H), 109.2 (Ph–H), 82.8 (C), 38.4 (CH2), 37.8 (CH2), 29.5 (CH2), 26.5 (CH2), 

25.6 (CH2). IR (νmax, cm−1): 3287 (N–H), 2933 (C–H), 2857 (C-H), 1702 (C=C), 1579 (C=C), 

1463 (C-N). Anal. calcd. for C14H19NS: C, 72.05; H, 8.21; N, 6.00; S, 13.74. Found: C, 71.96; H, 

8.13; N, 5.91; S, 13.65. LRMS (m/z, M+): Found for C14H19NS = 233.29, Expected mass = 233.37. 

 

X-ray crystal structure determination 

 

An X-ray diffraction study of compound 1 was carried out at 200 K using monochromated Mo 

Kα radiation (λ = 0.71073 Å) with a Bruker Kappa Apex II diffractometer. Data collection for 

cell refinement and data reduction was done using APEXII and SAINT [22]. Structure 

determination was done directly using SHELXT-2018/2 [23] and refined by least-squares 

procedures with SHELXL-2018/3 [24], whilst SHELXLE [25], served as a graphical user 

interface. The carbon-bound H atoms were incorporated in the refinement in the riding model 

approximation, with Uiso (H) set to 1.2Ueq (C), and placed at estimated positions (C–H 0.95 Å 

for aromatic carbon atoms and C–H 0.99 Å for methylene groups). The non-hydrogen atoms were 

refined anisotropically. The use of numerical techniques in SADABS [22] were employed for 

absorption effects and data correction. The ORTEP-3 was used to create the molecular 

visualizations [26] whilst mercury [27] and PLATON [28] were used for preparing the materials 

for publication. 

 

Computational studies  

 

The Gaussian 09 program was used for all computations [29]. Compound 1 was optimized at the 

singlet ground state in the gas phase at the density functional theory (DFT) using the 6-311g (d,p) 

basis set and the B3LYP, CAM-B3LYP, B3PW91, and WB97XD [30-32] functionals. 

Optimization and frequency computation were done to ensure that the enhanced molecular 

structure matched a minimum. Gaussview 6.0 [33] and Avogadro [34] were used to observe the 

results. The choice of basis set and functionals was based on previous studies [30-32]. 

 

Hirshfeld surface analysis 

 

An effective method for illustrating interactions in molecular crystals is Hirshfeld surface 

analysis. A computer program called Crystal Explorer 3.1 uses the computed Hirshfeld surfaces 
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of molecules inside a crystal structure to ascertain the intermolecular interactions between specific 

molecules or for the entire crystal structure. A quantitative method for examining the 

intermolecular interactions between the molecules in a crystal structure is Hirshfeld surface 

analysis. Additionally, it provides information about their crystal packing behavior. The software 

Crystal Explorer 3.1 was used to map fingerprint plots and Hirshfeld surfaces [35]. Using a static 

color scale and high surface resolution, the normalized contact distance (dnorm) was used to show 

the analysis. The van der Waals radius of the atom is given by rvdw, di is the corresponding 

distance to the nearest nucleus inside the surface, and de is the distance from the Hirshfeld surface 

to the nearest nucleus outside the surface [36]. The dnorm parameter displays a red-white-blue 

color surface. The shape index gives a qualitative difference in the shapes of surfaces. It is helpful 

in detecting subtle differences in areas that show as relatively flat [37]. A measure of the shape of 

the surface area of the molecule is its curvedness [38]. 

 

HOMO LUMO analysis 

 

DFT has been used to assess the energy gaps for the lowest unoccupied molecular orbitals 

(LUMOs) and highest occupied molecular orbitals (HOMOs). The frontier orbitals help explain a 

variety of reactions in conjugated systems and forecast the most reactive position in π-electron 

systems [39]. Due to a considerable amount of intramolecular charge transfer from the end 

capping electron-donor groups via a π-conjugated path, the conjugated molecules have a small 

highest occupied molecular orbital-lowest unoccupied molecular orbital gap (HOMO and LUMO 

separation) [40]. The primary orbitals that determine a species' chemical stability are the HOMO 

and LUMO [41]. The ability to give an electron is represented by the HOMO, and the ability to 

accept an electron is represented by the LUMO. Whereas the LUMO's energy is correlated with 

electron affinity, the HOMO's energy is directly tied to the ionization potential. The stability or 

reactivity of molecules is determined by the energy gap, the difference between the HOMO and 

LUMO orbitals [42]. Since the energy gap is a measure of electron conductivity, it is a crucial 

factor in establishing the electrical transport characteristics of molecules [43]. The hardness of a 

molecule also corresponds to the gap between the HOMO and LUMO orbitals [44].   

 

Basis of ADMET Analysis 

 

ADMET Lab 2.0 was used to calculate several properties such as bioavailability, blood-brain 

barrier penetration, plasma-protein binding, and metabolism. Although there are many steps 

involved in drug discovery and design, adsorption, metabolism, excretion, and toxicity 

assessments are all highly useful [45].  While safety and efficacy are some of the challenges in 

the creation of novel pharmaceuticals, computational methods have emerged as a very useful 

addition to the discovery of new drugs [46]. The compounds' ADMET (absorption, distribution, 

metabolism, excretion, and toxicity) characteristics are crucial to the drug-discovery process. A 

bioactive agent with good ADMET capabilities is a good candidate to be developed into a drug; 

this is greatly enhanced when the chemical satisfies the drug-likeness requirements [47].  The 

Lipinski rule of five is a useful criterion for distinguishing between various substances' 

characteristics, prospective uses as medications, and possible routes of administration. Molecular 

weight (MW) < 500, octanol/water partition coefficient (A log P) ≤ 5, the number of hydrogen 

bond donors (HBDs) ≤ 5, and the number of hydrogen bond acceptors (HBAs) ≤ 10 were the five 

evaluation criteria [48]. If a compound falls short or violates two or more of the criteria, then it 

would not be orally active. 
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RESULTS AND DISCUSSION 

 

Crystal structure of compound 1 

 

The compounds were synthesized by a solvent-free heating of 2-aminothiophenol and the 

respective cycloalkanone for 12 hours. It was recrystallized from ethanol:diethyl ether (1:1) as 

light brown or brown crystals. Scheme 1 gives the synthetic scheme for 3H-spiro[1,3-

benzothiazole derivatives. 

 

 
 

Scheme 1. Synthetic scheme for 3H spiro[1,3-benzothiazole derivatives.                                                                                              

 

A series of spirocyclohexane-1,4′-pyrazolothiazepinones has been accessed by one-pot 

multicomponent cyclocondensation reactions between 5-amino-1-arylpyrazoles, cyclohexanone, 

and mercaptoacetic acid. The scope of reaction and mechanism of the reaction were studied [1]. 

Some 2,3-dihydronaphtho[2,3-d][1,3]thiazole-4,9-diones and 2,3-dihydroanthra[2,3-

d][1,3]thiazole-4,11-diones have been synthesized by the reaction of 2-

(methylamino)naphthoquinones and anthracene-1,4-diones with S2Cl2 and 1,4-diazabicyclo[2.2. 

2]octane (DABCO). 3H-Spiro(thiazol-2,1'-cyclohexanes) underwent a new ring contraction and 

fusion reaction, resulting in the formation of tetrahydroindoles. The reaction was explored for 

other substrates [2].  The synthesis of spiro[indene-2,3′-indeno[2′,1′:5,6]pyrano[2,3- b]pyridines] 

has been achieved by the reaction of N-arylaldimines with two moles of 2-arylidene-1,3-

indanediones in dry acetonitrile. The reaction proceeded in the absence of a catalyst, and the 

product was obtained in moderate yield [3]. The formation of 5-chloro-4’-ethyl-3H-spiro[1,3-

benzothiazole-2,1’-cyclohexane] has been achieved by the reaction of 2-amino-4-

chlorothiophenol and 4-ethylcyclohexanone in absolute ethanol [4]. 3-Aryl benzo[d]thiazole-

2(3H)-imines have been synthesized by the reaction between diazonium salt and different 

thioureas [5]. Different spiro[benzo[b]thiophene-2(3H),1’-cyclopropan]-3-one derivatives have 

been synthesized by a domino reaction between thioaurones and sulfur ylides [6]. The synthesis 

of triphenylphosphanylidene spiro[cyclopentane-1,3′-indoline] and spiro[cyclopent [2]-ene-1,3′-

indoline] has been achieved by the reaction between triphenylphosphine, but-2-ynedioate, and 

isatylidene malononitrile (ethyl cyanoacetate) [7]. 2,3-Dihydronaphtho[2,3-d][1,3]thiazole-4,9-

diones and 2,3-dihydroanthra[2,3-d][1,3] thiazole -4,11-diones have been accessed by the reaction 

of N-substituted 2-(methylamino) naphthoquinones and -anthracene-1,4-diones in the presence of 

S2Cl2 [8].  

The crystallographic data, selected bond lengths, and bond angles for the crystal structure of 

compound 1 are provided in Tables 1 and S4. The ORTEP diagram for compound 1 is presented 
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in Figure 1.  The compound crystallizes in the orthorhombic space group Pna21 with four (4) 

molecules in the unit cell characterized by unit cell parameters a = 7.7154(5) Å, b = 17.015(1) Å, 

c = 8.0771(5) Á. Table S4 gives the summary of theoretical and experimental bond lengths and 

bond angles for compound 1 using B3LYP, CAM-B3LYP, B3PW91 and WB97XD functionals 

and 6-311g basis set. The level of theory chosen has been reported in literature to give results, 

which are consistent with the experimental results [30-32]. The bond lengths S1-C12 and S1-C21 

are 1.759(2) and 1.860(2) Å respectively which are consistent with typical C-S bonds [49-50], 

gave deviations between 0.019 and 0.092 Å whilst the bond distances of N1-C11 and N1-C21 are 

1.388(2) and 1.475(2) Å respectively which were consistent with C-N single bonds [49-50], gave 

deviations between 0.026 and 0.084Å.  

 
Table 1. Crystallographic data and structure refinement summary for compound 1. 

 

Property 1 

Formula C12H15NS 

Formula weight 205.31 

Crystal system Orthorhombic 

Space group Pna21 

a [Ǻ] 7.7154(5)  

b [Ǻ] 17.015(1)  

c [Ǻ] 8.0771(5) 

α [°] 90 

β [°] 90 

γ [°] 90 

V [Ǻ^3] 1060.34(11) 

Z 4 

D(calc) [g/cm^3] 1.286 

Mu(MoKa) [ /mm ] 0.264 

Flack x 0.021(15) 

F(000) 440 

Crystal size [mm] 0.56 x 0.56 x 0.56 

Temperature (K) 200 

Radiation [Å] MoKa 0.71073 

θ Min-Max [°] 2.4,  28.3 

Dataset -9: 10; -22: 22; -10: 10 

Tot., Uniq. Data, R(int) 13788, 2505, 0.019 

Observed data [I > 2.0 sigma(I)] 2410 

Nref,  2505 

Npar 131 

R  0.0237 

wR2 0.0619 

S 1.05 

Max. and Av. Shift/Error 0.00, 0.00 

Min. Resd. Dens. [e/Å^3] -0.18, 

Max. Resd. Dens. [e/Å^3] 0.18 

 

The bond distances of C11-C12, C11-C16 and C12-C13, are 1.403(2), 1.389(2) and 1.383(2) 

Å which were consistent with C-C single bonds [49-50] gave deviations from 0.022 to 0.079 Å. 

The bond distances of C13-C14, C14-C15, C21-C26 and C21-C22, which were consistent C-C 

single bonds [49-50], with deviations between 0.011 and 0.072 Å. The bond angles of C12-S1-

C21 and C11-N1-C21 were experimentally determined as 90.2(1) and 111.6(1)° whilst the 

computed values gave deviations of between 3.6 and 8..2° from the experimental values.  
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Figure 1. An ORTEP view of showing 50% probability displacement ellipsoids and atom labelling 

for compound 1. 

 

Hirshfeld surface analysis 

 

The dnorm parameter displays a red-white-blue color surface. Blue spots indicate intermolecular 

connections that are longer than their vdW radii, whereas bright red spots indicate intermolecular 

contacts that are shorter. Their vdW radii add up to white patches. Bright red spots show the 

intermolecular contacts less than their vdW radii, while the blue spots show intermolecular 

contacts longer than their vdW radii. White spots are the sum of their vdW radii. Figure 2 shows 

the molecular Hirshfield surfaces that were created using a standard (high) surface resolution. 

These surfaces include the dnorm surface, shape index, and curvedness of compound 1. The 

dnorm surface was mapped on over the range of -0.1420 Å to 1.1878 Å, shape index in the range 

of -1.0000 Å. to 1.0000 Å and curvature in the range of -4.0000 Å to 0.4000 Å, di was mapped 

over the range 1.0108 Å to 2.4846 Å, de ranged from 1.0103 to 2.4605 Å, fragment patch was in 

the range 0.0000 to 13.0000 Å. Figure 2 gives the two-dimensional (2D) fingerprint plots from 

Hirshfeld surface analyses of compound 1. 

 

 
Curvedness 

 
de 

 
di 

 
dnorm  

 
Shape index 

 

 Figure 2. Hirshfeld surfaces mapped for (a) d norm surfaces, (b) shape index and (c)  

curvature of 3H spiro[1,3-benzothiazole-2,1’-cyclohexane] (1). 
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The H-H interaction gave a contribution of 68.9% to the overall crystal packing, the C-H 

(18.5%), the S-H (9.6%) and N-H (3.0%) fingerprint plots provide information about the 

intermolecular hydrogen bonds and the contribution of the individual elements towards the crystal 

packing. The electron density of the surface curves around the chemical interactions, as indicated 

by the curvedness. Whereas the sharp curvature area, which typically tends to divide the surface 

into patches and indicates connections between neighbouring molecules, corresponds to high 

values of curvedness, the flat areas of the surface correlate to low levels of curvedness. 

 

 
                           All                                   H-C-C-H                       H-H-H-H 

 
                                                  H-N-N-H                  H-S-S-H 

 

Figure 3. Relative contributions to the percentage of Hirshfeld surface area for the various  

              intermolecular contacts in 3H spiro[1,3-benzothiazole-2,1’-cyclohexane] (1).  

   

HOMO LUMO analysis 

 

The computation of the HOMO-LUMO gaps of compound 1 gave varying gaps for the functionals 

and basis set used of B3LYP (0.0901), CAM-B3LYP (0.09119), B3PW91 (0.37042), and 

WB97XD (0.10589). Tables 3 and S4 give the HOMO –LUMO computation and the plots. The 

HOMO for compound 1 is distributed over the benzothiazole ring, specifically the phenyl ring 

and the heteroatoms (sulphur and nitrogen), with no noticeable contribution from the cyclohexyl 

ring. The LUMO is distributed over the benzothiazole ring with some contribution from the 

cyclohexyl ring. This shows that the most reactive portion of the molecule is the benzothiazole 

moiety, which uses the cyclohexyl ring for stabilization when attacked by a nucleophile. This 

means that substitution reactions and addition reactions will mostly occur on the benzothiazole 

ring.  

 

 

 

 



Synthesis and, computational studies of some 3H spiro[1,3-benzothiazole –derivatives 

Bull. Chem. Soc. Ethiop. 2026, 40(1) 

113 

Table 2. HOMO–LUMO energy levels of 3H spiro[1,3-benzothiazole-2,1’-cyclohexane] (1) using B3LYP, 

CAM-B3LYP, B3PW91 and WB97XD functionals and 6-311g(d,p) basis set. 

 

Compound 1 

Energy levels B3LYP (eV) CAM-B3LYP 

(eV) 

B3PW91 

(eV) 

WB97XD 

(eV) 

LUMO+4 -0.26891 -0.25941 -0.17313 -0.27971 

LUMO+3 -0.32799 -0.32532 -0.18425 -0.32319 

LUMO+2 -0.33345 -0.33368 -0.19936 -0.32646 

LUMO+1 -0.34946 -0.35006 -0.25269 -0.34290 

LUMO -0.48682 -0.48806 -0.28058 -0.48171 

HOMO -0.57692 -0.57925 -0.65100 -0.58760 

HOMO-1 -0.58142 -0.58296 -0.65656 -0.59015 

HOMO-2 -0.58614 -0.58671 -0.66173 -0.59207 

HOMO-3 -0.58836 -0.59010 -0.66304 -0.59538 

HOMO-4 -0.62522 -0.62690 -0.70241 -0.63248 

HOMO-LUMO GAP (eV) 0.0901 

 

0.09119 0.37042 0.10589 

 

ADMET Analysis 

 

Table 3 gives the ADMET results for compound 1−3 (A) physicochemical properties, (B) 

medicinal chemistry, (C) absorption, (D) distribution, (E) metabolism, (F) excretion, (G) toxicity,  

(H) environmental toxicity, (I) tox21 pathway. The ADMET lab 2.0 platform was used to obtain 

the physicochemical properties of the compounds. Different physicochemical and 

pharmacokinetic properties were determined.  All the compounds were donors as well as 

acceptors of hydrogen bonds.  None of the compounds has a rotatable bond. The compounds' 

lower topological polar surface area values (12.030) indicated that they were less flexible than 

ampicillin (112.73). Compounds 1 and 2 gave a log S values greater than -4 log [mol/L] whilst 

compound 3 gave a log S value of -4.106 log [mol/L] with Ampicillin giving a log S of -1.564 log 

[mol/L]. All of the compounds showed good oral bioavailability and high gastrointestinal 

absorption. This indicates that the compounds all have good cell permeability and transport 

properties. All the compounds have a molecular weight between the suggested range of 205 to 

380 g/mol. The compounds gave lipophilicity (log P) values within the permissible range of 2.3 

and 5.0.  The compounds showed good drug likeness, as indicated by Lipinski "Rule of Five," 

which includes to have log P less than or equal to 5, MW less than or equal to 500, to have number 

of hydrogen bond donors less than or equal to 5, and a number of hydrogen bond acceptors less 

than or equal to 10. The compounds complied with Lipinski's Rule of Five (RO5). The in silico 

ADMET results show that the physicochemical properties of the compounds can be improved 

through the introduction of new substituents.   

 
Table 3. Molecular properties of compound 1-3 (A) physicochemical properties, (B) medicinal chemistry, 

(C) absorption. 

 

A. Physicochemical properties 

Property 1 2 3 Ampicillin 

Molecular weight 205.090 219.110 233.120 349.110 

Volume 212.035 229.331 246.627 330.464 

Density 0.967 0.955 0.945 1.056 

NHA 1 1 1 7 

NHD 1 1 1 4 

NRot 0 0 0 5 

NRing 3 3 3 3 
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MaxRing 9 9 9 7 

NHet 2 2 2 8 

FChar 0 0 0 0 

NRing 16 17 18 17 

Flexibility 0.000 0.00 0.000 0.294 

Stereo Centers 0 0 0 4 

TPSA 12.030 12.030 12.030 112.73 

log S -3.275  -3694 -4.106 -1.564 

log P 3.522 3.916 4.351 0.899 

log D 3.326 3.634 3.871 0.589 

 

B. Medicinal chemistry 

Property 1 2 3 Ampicillin 

QED 0.690 0.700 0.700 0.675 

Synthetic accessibility score 3.181 3.120 3.070 3.527 

Fsp3 0.500 0.538 0.571 0.438 

MCE-18 51.333 51.800 52.182 70.304 

NPscore -0.198 -0.185 -0.173 0.742 

Lipinski’s rule Yes Yes Yes Yes 

Pfitzer No No No Yes 

GSK rule Yes Yes No Yes 

Golden triangle Yes Yes Yes Yes 

 

C. Absorption 

Property 1 2 3 Ampicillin 

Caco-2 permeability -4.550 -4.593 -4.625 -5.910 

MDCK permeability 1.8 e-05 1.6 e-05 1.4 e-05 3.1e-0.5 

Pgp inhibitor Excellent Excellent Excellent Excellent 

Pgp substrate Excellent Excellent Excellent Excellent 

Human intestinal absorption Excellent Excellent Excellent Excellent 

Human oral bioavailability 20% Excellent 

 

Excellent 

 

Excellent 

 

Excellent 

Human oral bioavailability 30% Excellent Excellent Excellent Excellent 

 

CONCLUSIONS 

 

Three spiro compounds have been accessed without the use of solvents; compound 1 crystallized 

in the orthorhombic space group Pna21, having four molecules in the unit cell. A comparison of 

the DFT calculations with experimental bond lengths and bond angles showed good agreement 

amongst the results. The Hirshfeld surface analysis showed that the most important interactions 

were the H-H interaction (68.9%), followed by the C-H (18.5%), S-H (9.6%), and N-H (3.0%). 

The in in-silico ADMET analysis showed that the compounds have the potential as future 

medications. 
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