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Abstract 

The comprehensive study of isatin and its halogenated derivatives elucidates the multifaceted impact of 

halogenation on isatin and its derivatives, spanning from stability and electronic transitions to reactivity and 

vibrational properties. The study, focusses on their relative stability, electronic transitions, NMR chemical 

shifts, UV-Vis spectroscopy, thermochemistry, global reactivity parameters, and vibrational spectra.The 

findings demonstrate that specific halogen substitutions can significantly influence the stability, electronic 

structure, optical properties, thermochemistry, and reactivity of isatin derivatives. These insights could be 

invaluable for the design and development of new materials and pharmaceuticals based on isatin, highlighting 

the potential for targeted modifications to achieve desired properties. 
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1. Introduction 

The biological activities of isatin and its derivatives have been known for a long time.Isatin derivatives 

have several important pharmaceuticals and medicinal properties including anticancer, anti-HIV, antiviral, 

antitumor, antifungal, antimalarial, antioxidant, anti-inflammatory, antimicrobial, analgesics, anticonvulsants 

and so on[1-11].The isatin also possess neuroprotective properties, therefore they can be used in treating 

diseases like Alzheimer’s and Parkinson’s disease[12,13].Fluorosubstituted isatin derivative, was approved 

by the FDA (U.S. Food and Drug Administration) for treatment of advanced renal cell carcinoma [14] which 

indicates the important use of halogen in the drug discovery and development.  

Introduction of halogen in isatin increases lipophilicity which leads to greater permeability to lipid membranes 

coupled with increase in central molecule biological activity due to its electronegativity which results in 

enhanced binding, metabolic stability, selectivity and improved physicochemical properties [15,16]. 
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Therefore, it is worthwhile to study molecular properties of halogen substituted isatin derivatives and its 

relation to medicinal properties. 

2. Computational Details 

Two enol conformers viz. enol1 and enol2 and one keto conformer(Figure 1)are explored for relative 

energy calculations of isatin and halogen substitutedisatin compounds in gas phase. The numbering scheme 

of the isatin and its halogen derivatives is shown in Figure 1.The geometry optimized tautomers and 

conformers of isatin and its various halogen derivatives are shown inFigure 2.In order to know the most stable 

conformer of these tautomers, we geometry optimized all the structures using density functional B3LYP/6-

311++G**[17-19] calculations, and then we performed vibrational analysis for each final optimized structure 

which revealed no imaginary frequencies. The vibrational frequencies were scaled by a factor of 0.9679 

andand zero-point energies scaled by a factor of 0.9877 and added to the calculated energies to give total 

energy [20].Thermodynamic properties such as enthalpies, and Gibbs energies were calculated at 298.15 K 

and 1 atm pressure. The NBO (Natural Bond Orbital) [21]analysis was performed in order to understand 

charge transfer within the molecule. 

UV-Vis spectra were calculated using the Time-Dependent DFT (TD-DFT) approach [22-24] in DMSO 

solvent.All computations were performed using the Gaussian 09 packages[25]. 

 

1a                                                1b 

 

1c 

Figure 1 Numbering scheme of Isatin (1a), 10-Bromo-11-haloisatin (1b), 10-Bromo-9-haloisatin (1c)  
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IST (KETO) IST (ENOL1) 

  

IST (ENOL2) IST-10 (KETO) 

  

IST-10 (ENOL1) IST-10 (ENOL2) 
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IST-10A (KETO) IST-10A (ENOL1) 

  

IST-10A (ENOL2) IST-10B (KETO) 

  

IST-10B (ENOL1) IST-10B (ENOL2) 

  

IST-10C (KETO) IST-10C (ENOL1) 
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IST-10C (ENOL2) IST-10D (KETO) 

  

IST-10D (ENOL1) IST-10D (ENOL2) 

  

IST-10E (KETO) IST-10E (ENOL1) 
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IST-10E (ENOL2) IST-10F (KETO) 

  

IST-10F (ENOL1) IST-10F (ENOL2) 

 

Figure 2B3LYP/6-311G**++ geometry optimized tautomers and conformers of isatin and its halogen derivatives [Color Code: 

Carbon (Grey), Hydrogen (White), Oxygen (Red), Nitrogen (Blue), Fluorine (Light Blue), Chlorine (Green), Bromine (Dark Red)]  

 

3. Results and Discussion 

3.1 Relative Energies in Gas Phase  

Relative energy of all low energy conformers of isatin and itsderivatives are arrangedin increasing order 

in Table 1, 2 and 3. From the analysis of the energy data reported in Table 1, 2 and 3 it is clear that keto 

conformer of isatin and all the halogen derivatives of isatin is the most stable one.Therefore, the population 

of keto conformer of isatin and its derivatives is maximum at room temperature and hence we confine 

ourselves to the discussion of keto conformer only. From the Table1 we may suggest that substitution of 

bromine at tenth position of isatin increases its stability. Out of all the keto conformers of 10-Bromoisatin, 

10C and 10F is the most stable one suggesting that bromine present at ninth (10F) and eleventh position (10C) 

increases the stability of 10-Bromoisatin. Upon analysing relative energy data of 10-Bromoisatin we may 

conclude that the stability increases as we change halogen from F to Br at position 11th and 9th. 
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Table 1 Relative energy of keto conformer of isatin and its halogen derivatives 

KETO  

SPECIES 
E 

(Kcal/mol) 
ZPVE (Kcal/mol) 

Etot 

(Kcal/mol) 

Relative Energy 

(Kcal/mol) 

ISATIN -322042.2053 71.09717451 -321971.1081 3229851.374 

4 -1936961.415 64.67278851 -1936896.742 1614925.74 

4A -1999250.639 59.5932647 -1999191.046 5551013.528 

4B -2225374.941 58.65484106 -2225316.286 1326506.196 

4C -3551878.195 58.22821392 -3551819.967 2.51579653 

4D -1999249.71 59.56826602 -1999190.142 1552632.341 

4E -2225376.831 58.71903168 -2225318.112 1326504.37 

4F -3551880.789 58.30609406 -3551822.482 0 

 

Table 2 Relative energy of enol1 conformer of isatin and its halogen derivatives 

ENOL1 

SPECIES 
E  

(Kcal/mol) 

ZPVE 

(Kcal/mol) 

Etot 

(Kcal/mol) 
Relative Energy (Kcal/mol) 

ISATIN -322028.0987 71.07057575 -321957.0282 3229865.454 

4 -1936947.73 64.65730137 -1936883.073 1614939.409 

4A -1999237.22 59.59159549 -1999177.628 1552644.854 

4B -2225361.584 58.64571471 -2225302.938 1326519.544 

4C -3551864.821 58.24586412 -3551806.575 15.90741427 

4D -1999235.549 59.5826173 -1999175.966 1552646.516 

4E -2225362.151 58.69860604 -2225303.452 1326519.03 

4F -3551866.009 58.27514942 -3551807.734 14.7482289 

 

Table 3 Relative energy of enol2 conformer of isatin and its halogen derivatives 

ENOL2 

SPECIES 
E  

(Kcal/mol) 

ZPVE 

(Kcal/mol) 

Etot 

(Kcal/mol) 
Relative Energy (Kcal/mol) 

ISATIN -322028.2178 71.07429938 -321957.1435 3229865.339 

4 -1936947.691 64.64637741 -1936883.044 1614939.438 

4A -1999237.291 59.59078558 -1999177.7 1552644.782 

4B -2225361.582 58.64066756 -2225302.941 1326519.541 

4C -3551864.818 58.21599607 -3551806.602 15.88033236 

4D -1999235.121 59.55795443 -1999175.563 1552646.919 

4E -2225361.707 58.66545883 -2225303.041 1326519.441 

4F -3551865.61 58.23756744 -3551807.373 15.10967989 
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3.2 NBO Analysis of Isatin (IST) 

Table 4Natural bond orbital (NBO) analysis of Isatin 

 

S.No. 
DONOR 

ORBITAL 
OCCUPANCY 

ACCEPTOR 

ORBITAL 
OCCUPANCY 

INTERACTON 

ENERGY 

(Kcal/mol) 

1 π(C4-C8) 1.64662 π*(C5-C9) 0.3644 24.89 

2 π(C4-C8) 1.64662 π*(C10-C11) 0.32994 16.06 

3 π(C5-C9) 1.65015 π*(C4-C8) 0.36938 15.88 

4 π(C5-C9) 1.65015 π*(C10-C11) 0.32994 23.11 

5 π(C10-C11) 1.64738 π*(C4-C8) 0.36938 24.38 

6 π(C10-C11) 1.64738 π*(C5-C9) 0.3644 16.37 

7 π(O1- C6) 1.96181 π*(O2-C7) 0.2196 4.82 

8 π(O1- C6) 1.96181 π*(C4-C8) 0.36938 4.58 

9 π(O2- C7) 1.976 π*(O1-C6) 0.13397 4.35 

10 π(C4-C8) 1.64662 π*(O1-C6) 0.13397 20.44 

11 n2(O2) 1.84432 σ*(N3-C7) 0.08317 27.66 

12 n2(O2) 1.84432 σ*(C6-C7) 0.14486 24.46 

13 n2(O1) 1.84432 σ*(C4-C6) 0.06713 19.25 

14 n2(O1) 1.86408 σ*(C6-C7) 0.14486 27.44 

15 n1(N3) 1.6763 π*(O2-C7) 0.2196 50.77 

16 n1(N3) 1.6763 π*(C5-C9) 0.3644 38.27 

17 n1(O1) 1.98144 RY*1(C6) 0.01473 16.65 

18 n1(O2) 1.98045 RY*1(C7) 0.01459 17.36 

19 σ(C4-C8) 1.97494 σ*(C4-C5) 0.02865 4.77 

20 σ(C5-C9) 1.97682 σ*(C4-C5) 0.02865 4.76 

21 σ(C8-H13) 1.97918 σ*(C4-C5) 0.3644 4.61 

22 σ(C9-C11) 1.97563 σ*(N3-C5) 0.02687 6.22 

23 CR1(O1) 1.99975 RY*1(C6) 0.01473 6.67 

24 CR1(O2) 1.99974 RY*1(C7) 0.01459 6.87 

 

First six π→π* transitions(1 to 6) indicates presence of highly conjugated benzene system. Next four 

transitions (7 to 10) suggests resonating system comprising C8-C4-C6-O1-C7-O2. It is to be noted that π→π* 

transition of S.No. 8 is reversed of S.No. 10. Also interaction energy of latter (20.44 Kcal/mol) is higher than 

former (4.58 Kcal/mol) due to the stability of negative charge on electronegative oxygen. The transition 

atS.No. 11 and 12 indicates the transfer of electron density of lone pair of O2 to σ*(N3-C7) and σ*(C6-C7) 

with an interaction energy of 27.66 Kcal/mol and 24.46 Kcal/mol respectively. The transition atS.No. 13 and 

14 indicates the transfer of electron density of lone pair of O1 to σ*(C4-C6) and σ*(C6-C7) with an interaction 

energy of 19.25 Kcal/mol and 27.44 Kcal/mol respectively. Also σ*(C6-C7) has higher occupancy than 

σ*(N3-C7) and σ*(C4-C6) because σ*(C6-C7) gains electron density from lone pair of O1 as well as O2. 

n→σ* transition from S.No. 11 to 14 can be explained by hyperconjugative effect. The transition at S.No. 15 

and 16 indicates the transfer of electron density of lone pair of N3 atom to π*(O2-C7) and π*(C5-C9) with an 
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interaction energy of 50.77 Kcal/mol and 38.27 Kcal/mol respectively. This high interaction energy suggests 

the presence of powerful resonance effect pertaining to the transfer of electron density of lone pair of N3 to 

π* molecular orbitals.The interaction at S.No. 17 and 18 in Table 4 suggests that electron density from non 

bonding orbital of O1 and O2 is transferred to an antibonding Rydberg orbital associated with C6 and C7 with 

an interaction energy of 16.65 Kcal/mol and 17.36 Kcal/mol respectively which results in decrease in electron 

density on O1.σ(C4-C8) to σ*(C4-C5) and σ(C5-C9) to σ*(C4-C5) interactions suggest that electrons in the 

σ bonds between C4-C8 and C5-C9 are delocalized into σ* orbital of C4-C5. This delocalization helps to 

stabilize the molecule by spreading electron density over a larger volume and reducing electron electron 

repulsions within the molecule. σ(C8-H13) to σ*(C4-C5) and σ(C9-C11) to σ*(N3-C5) interaction represents 

hyperconjugation effect where electron density from C-H and C-C σ bond is delocalized into nearby σ* orbital 

contributing to overall stability. The interaction at S.No. 23 and 24 in Table 4 describe the process wherein 

electron density is transferred between deeply bound core electrons of O1 and O2 to diffuse antibonding 

Rydberg orbitals associated with C6 and C7. 

 

3.3 Comparison of NBO analysis of derivatives of Isatin (IST) 

Table 5Interaction energies of donor and acceptor orbitals in Kcal/mol for Isatin and its halogen derivatives 

S.No. DONOR 

ORBITAL 

ACCEPTOR 

ORBITAL IST 

IST-

10 

IST-

10A 

IST-

10B 

IST-

10C 

IST-

10D 

IST-

10E 

IST-

10F 

1 π(C4-C8) π*(O1-C6)        20.44 19.69 20.34 19.87 19.73 18.72 18.9 18.91 

2 π(C4-C8) π*(C5-C9)        24.89 24.17 25.55 24.54 24.37 23.1 24.95 24.94 

3 π(C4-C8) π*(C10-C11)        16.06 16.84 15.78 17.34 17.34 18.15 17.38 17.26 

4 π(C10-C11) π*(C5-C9)        16.37 14.79 13.34 13.88 14.1 17.11 15.12 14.95 

5 π(C10-C11) π*(C4-C8)        24.38 23.28 23.95 21.39 21.03 21.23 22.22 22.43 

6 π(C5-C9) π*(C4-C8)        15.88 16.58 14.64 15.53 15.77 17.13 14.99 14.76 

7 π(C5-C9) π*(C10-C11)        23.11 24.74 27.12 24.47 24.28 23.03 23.25 23.47 

8 π*(C10-C11)        π*(C4-C8)        - 204.05 111.76 96.51 99.04 167.38 174.14 174.44 

9 π*(C10-C11)        π*(C5-C9)        - - 184.62 114.69 117.13 - - - 

10 π*(C5-C9)        π*(C4-C8)        - - 283.66 - - 191.27 156.24 162.69 

11 CR1(O1) RY*1(C6) 6.67 6.7 6.68 6.68 6.68 6.72 6.7 6.7 

12 CR1(O2) RY*1(C7) 6.87 6.88 6.89 6.89 6.88 6.88 6.86 6.85 

13 n1(O1) RY*1(C6) 16.65 16.66 16.62 16.63 16.59 16.75 16.67 16.65 

14 n1(O2) RY*1(C7) 17.36 17.37 17.75 17.75 17.73 17.63 17.63 17.62 

15 n1(X16) RY*1(C11) - - 8.47 1.96 1.02 - - - 

16 n1(X16) RY*1(C9) - - - - - 7.44 1.86 1.23 

17 n1(N3) π*(O2-C7)        50.77 50.33 49.1 48.53 49.61 49.66 49.48 49.61 

18 n1(N3) π*(C5-C9)        38.27 38.53 40.8 39.71 39.46 39.75 43.04 43.21 

19 n3(Br15) π*(C10-C11)        - 9.46 10.31 11.02 10.99 10.03 9.85 9.81 

20 n3(X16) π*(C10-C11)        - - 21.52 15.72 12.47 - - - 

21 n3(X16) π*(C5-C9)        - - - - - 16.93 11.99 9.5 

22 n2(O1) σ*(C4-C6) 19.25 19.61 19.62 19.75 19.77 19.96 19.98 20 

23 n2(O1) σ*(C6-C7) 27.44 27.56 27.74 27.64 27.59 27.55 27.51 27.47 

24 n2(O2) σ*(N3-C7) 27.66 27.81 28.25 28.2 28.14 28.24 28.23 28.17 

25 n2(O2) σ*(C6-C7) 24.46 24.71 24.63 24.72 28.64 24.93 24.88 24.85 
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Upon comparing various transitions among all eight species through NBO analysis, it has been found that 

π*
→ π* and n → RY* transitions are not observed for isatin. The difference in the interaction energy values for 

π*
→ π* transition is significant. It has been observed that halogen at 11th position reduces interaction energy 

more than at 9th position for π* (C10-C11) → π* (C4-C8) transition. In case of dihalogen derivatives of isatin, 

highest interaction energy for transition at S.No.8 is observed for IST-10E and IST-10F. Also, interaction 

energy for transition π* (C10-C11) → π* (C5-C9) molecular orbital is maximum for IST-10A and the same is 

not observed for IST, IST-10, 10D, 10E and 10F. Additionally interaction energy for transfer of electron 

density from π* (C5-C9) to π* (C4-C8) is maximum for Bromofluoro derivatives and this interaction is not 

observed in IST, IST-10, IST-10B and 10C. Interaction energy corresponding to the transfer of electron 

density from CR(O1), CR(O2), n1(O1) and n1(O2) to RY*1(C6) and RY*1(C7) do not show much variation 

among all species. Interaction energy from n1(X16) → RY* (C11/C9) is maximum for Fluorobromo derivative 

of isatin. Chlorobromo and dibromo derivatives share almost similar interaction energy for the same 

transition.For the electron transfer from n1(N3) to π*(O2-C7), the energy values decrease from IST to IST-

10B, then slightly increase towards IST-10F. The highest energy is at IST (50.77), and the lowest is at IST-

10B (48.53) indicating that mono halo and di halo derivatives of isatin show less +R effect as compared to 

core isatin involving lone pair of N3 to π orbital of O2—C7 bond. For π*(O2-C7), there is a decrease in energy 

up to IST-10B, which may suggest a less favorable or less efficient electron transfer. IST-10C and IST-10F 

have same value of interaction energy (49.61 Kcal/mol) for transfer of electron density to π*(O2-C7) 

indicating that position of -Br either at 9th or 11this not affecting the interaction. Also On the other hand, the 

energy required for electron transfer to π*(C5-C9) becomes higher in the later species (IST-10C to IST-10F), 

indicating more favorable conditions for electron transfer. For the electron transfer from n1(N3) to π*(C5-

C9), jump in the interaction energy is observed from IST-10 to IST-10A and from IST-10D to IST-10E. IST-

10E and IST-10F share almost same interaction energy for electron transfer from n1(N3) to π*(C5-C9). The 

lowest interaction energy is at IST (38.27), and the highest is at IST-10F (43.21 Kcal/mol). The interaction 

energy at S.No.19 is max for IST-10B and IST 10C and minimum for IST-10F. Bromine present at 10th 

position is able to give electrons through +R effect to π*(C10-C11) provided halogen is present at 11th position 

rather than 9th position. Also this +R effect is maximum for chlorine and bromine present at 11th position. Out 

of the three halogens viz. F, Cl and Br present at position 11th and 9thfluorine transfers electron density to 

π*(C10-C11) and π*(C5-C9) with maximum interaction energy of 21.52 Kcal/mol and 16.93 Kcal/mol 

respectively due to better overlap of 2p orbitals of carbon and fluorine. The hyperconjugative effect which 

explains the transfer of electron density from lone pair of O1 to σ*(C4-C6) and σ*(C6-C7) is maximum for 

Dibromo and Bromofluoro derivatives of isatin respectively. The maximum hyperconjugative effect 

corresponding to the transfer of electron density of lone pair of O2 to σ*(N3-C7) and σ*(C6-C7) is observed 

26 n2(X16) σ*(C9-C11) - - 6.16 4.08 3.14 6.25 4.42 3.48 

27 n2(X16) σ*(C10-C11) - - 6.08 4.46 3.65 - - - 

28 n2(X16)  σ*(C5-C9)        - - - 0.51 - 6.08 4.4 3.5 
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for IST-10A (28.25) and IST-10D (28.93) respectively indicating that Fluorobromoderivatives of isatin are 

more efficient in this electron transfer. The hyperconjugation effect involving the transfer of electron density 

from lone pair of halogen situated at 11th or 9th position to σ*(C9-C11), σ*(C10-C11) and σ*(C5-C9) is 

maximum for Flurorobromo derivatives of isatin and minimum for dibromoderivatives of isatin.  

 

3.3 NMR Spectra 

 

The NMR spectra were calculated at the B3LYP/6-311++G** level in DMSO solvent by using the gauge-

independent atomic orbital method [26] that provides magnetic shielding constants. The chemical shifts for 

carbon and hydrogen atoms were obtained on the δ-scale relative to TMS through the equation, 

δi= σTMS-σi 

where the values of σTMS (31.96 for H and 185.0 for C) were obtained at the same level of calculation 

(B3LYP/6-311++G**). Theoretically calculated chemical shifts for 13C and 1H are listed in Table 6. 

Table 6Calculated natural charge and chemical shifts (ppm) of carbons and hydrogens 

  IST IST-10 IST-10A IST-10B 

Atom Shift Charge Shift Charge Shift Charge Shift Charge 

C4 124.564 -0.2079 125.298 -0.18762 121.2706 -0.19911 123.3112 -0.18849 

C5 159.9361 0.2191 158.128 0.22066 160.218 0.23769 158.4222 0.22697 

C6 193.9501 0.49613 193.564 0.4997 190.9358 0.49693 191.7496 0.49797 

C7 166.745 0.6245 166.324 0.62538 166.3144 0.62821 165.9358 0.62612 

C8 134.2454 -0.1187 136.936 -0.1439 140.2008 -0.12345 138.8256 -0.12423 

C9 118.9857 -0.243 120.847 -0.22184 108.7619 -0.28064 121.993 -0.22883 

C10 130.9688 -0.2334 142.298 -0.13473 128.2236 -0.19881 141.5176 -0.16556 

C11 149.0517 -0.1313 151.068 -0.15596 177.4557 0.44677 162.4994 -0.02605 

H12 7.0995 0.43063 7.2173 0.43329 7.2372 0.43534 7.2024 0.43444 

H13 7.8687 0.22844 7.8877 0.24312 7.9735 0.24665 7.9606 0.24686 

H14 7.0613 0.23304 7.0589 0.2394 6.9156 0.25473 7.2245 0.2496 

H15 7.3026 0.22266  -  -   -   -   -   -  

H16 7.8401 0.22153 7.7783 0.23641   -  -   -   -  

 

  IST-10C IST-10D IST-10E IST-10F 

Atom Shift Charge Shift Charge Shift Charge Shift Charge 

C4 124.2196 -0.18729 126.6333 -0.16636 126.3523 -0.16721 126.4627 -0.16721 

C5 157.4682 0.23285 144.6077 0.15689 155.1738 0.19061 156.5134 0.19061 

C6 192.1113 0.49808 192.2966 0.50118 192.9354 0.50178 191.9173 0.50178 

C7 165.9747 0.62573 165.2086 0.62568 165.2632 0.62744 164.5458 0.62744 

C8 138.3977 -0.12312 133.3909 -0.15494 135.6852 -0.1441 135.8127 -0.1441 

C9 124.5441 -0.24413 156.3723 0.39281 132.637 -0.06356 131.0954 -0.06356 

C10 144.3695 -0.16978 142.3351 -0.12197 142.5798 -0.12181 142.2025 -0.12181 

C11 164.6311 -0.08869 137.7904 -0.22052 150.1429 -0.18044 152.549 -0.18044 

H12 7.1438 0.43446 7.3241 0.43962 7.4102 0.43911 7.2659 0.43911 

H13 7.8894 0.24685 7.7304 0.24677 7.7594 0.24694 7.69 0.24694 
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H14 7.2719 0.24952 7.6236 0.25287 7.8113 0.24944 7.9239 0.24944 

H15 -  -  -  - -  - -  - 

H16  -  -  -  -  -  -  -  - 

 

The chemical shift varies with the charge on the atom. Therefore, we performed regression analysis of the 

theoretically calculated chemical shift with respect to the natural charge densities (Table 6) for the C atoms 

and H atoms of derivatives of isatin. The polynomial fit of the two variables yielded the following equations 

for the halogen substituted isatin along with regression coefficient. 

3.3.1 Equations for Carbon shift v’s Charge 

δIST = 482355q6 – 372447q5 – 50759q4 + 56229q3 + 5410.3q2 – 1759.9q – 53.93 (r2 = 0.965)  

δIST-10 = 106q6 – 106q5 – 101683q4 + 162553q3+ 12527q2 – 5043.5q – 397.83 (r2 = 0.9745)  

δIST-10A = -15765q6 + 7565.7q5 + 4400.4q4 – 1161.6q3 – 628.64q2 – 131.61q + 163.11 (r2 = 0.996)  

δIST-10B = -28619q6 + 18323q5 + 4646.7q4 - 2380q3 – 680.32q2 + 155.29q – 166.62 (r2 = 0.9725)  

δIST-10C = -180170q6 – 138215q5 + 18486q4 - 20366q3– 2121.4q2+ 760.78q + 232.23 (r2 = 0.9394)  

δIST-10D = 35067q6 – 60717q5 + 26722q4 + 1922.5q3 – 2248.3q2 + 33.959q + 176.24 (r2 = 0.9972)  

δIST-10E = 2Χ106q6 – 106q5 + 123280q4 + 129849q3 – 1715.5q2 – 2812.9q – 9.7467 (r2 = 0.985)  

δIST-10F = 2Χ106q6 – 2Χ106q5 + 130874q4 + 137072q3 – 1767q2 – 2969.1q – 19.391 (r2 = 0.9816)  

 

3.3.2 Equations for Hydrogen shift v’s Charge 

δIST = 5Χ107q4 – 5Χ107q3 + 2Χ107q2 - 4Χ106q + 232221 (r2 = 1.0006)  

δIST-10 = -35670q3 + 325506q2 - 94552q + 8881.4 (r2 = 1)  

δIST-10A = 703.32q2 – 483.56q + 84.456 (r2 = 1)  

δIST-10B = 1431.5q2 – 979.36q + 162.49 (r2 = 1)  

δIST-10C = 1229q2 – 841.33q + 140.68 (r2 = 1)  

δIST-10D = 82.471q2 – 98.714q + 17.197 (r2 = 1)  

δIST-10E = -119.03q2 + 79.846q – 4.6992 (r2 = 1) 

δIST-10F = -504.91q2+ 344.19q – 46.515 (r2 = 1) 

The agreement between the calculated carbon chemical shift values with natural charge varies between 

93.94 % to 99.72 % for all the eight species viz. IST, IST-10, IST-10A, IST-10B, IST-10C, IST-10D, IST-
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10E and IST-10F. Also, the agreement between calculated hydrogen shift values with natural charge is 100 

% for all the eight species.  

 

3.4 UV vis Spectra 

The calculated UV-Vis spectrum for various isatin and halogen substituted isatin using the TD-DFT 

method in DMSO solvent across three electronic states (ES1, ES2, ES3) are given in Table 7. For each state, 

the data includes orbital transition (orbital number), energy of transition in electron volts (eV), wavelength of 

light absorbed (λ in nm) and oscillator strength (f), which is a measure of the probability of the transition. The 

electronic states represent low energy low efficiency transitions in ES1 through slightly higher energy 

transitions in ES2 to high energy high efficiency transitions in ES3. ES1 involves the lowest energy transitions 

with absorption in visible spectrum characterized by longer wavelength. The energy transitions in ES2 are 

slightly higher than ES1 moving the absorption into shorter wavelengths within the visible range. ES3 

represents the highest energy state with absorption in UV range. The oscillator strength values in ES1 are 

generally low with many compounds showing f-values of zero indicating forbidden transitions in this state. 

The oscillator strength in ES3 are notably higher, indicating stronger and more probable transitions. 

Compounds IST-10B and IST-10C show high f-values in ES3 suggesting that they have strong absorption in 

this state. From Table 7, it is observed that oscillator strength is maximum in case of ES3, therefore we may 

call, its wavelength to be λmax i.e. corresponding to maximum oscillator strength. Upon analysing the data of 

ES3, we may say that λmaxdecreases on introducing -Br at 10th position of Isatin. Introduction of halogen either 

at 9th or 11th position of 10-Bromoisatin increases λmaxand this incrementis more pronounced for 9th position. 

Also, as electronegativity of halogen decreases, λmax increases. This may be explained on the basis of increase 

in +R effect with decreased electronegativity of halogen. It has been observed from Table 7that ‘f’ has higher 

value for isatin as compared to its derivatives except for IST-10B and IST-10C. Among the derivatives, as 

electronegativity of halogen decreases, value of ‘f’ increases if halogen is placed at 11th position and decreases 

if halogen is placed at 9th position, with maximum being found for IST-10B and IST-10C. 

Table 7 UV-vis Spectra for IST and its halogen derivatives  

SPECIES ORBITAL NO ENERGY (ev) λ (nm) f ORBITAL NO ENERGY IN ev λ (nm) f

IST 37 to 39 2.8194 439.75 0 38 TO 39 2.8789 430.67 0.0253

IST-10 55 TO 56 2.7137 456.87 0.0247 54 TO 56 2.7892 444.52 0

IST-10A 58 TO 60 2.8288 438.29 0 59 TO 60 2.8355 437.26 0.0225

IST-10B 63 TO 64 2.7794 446.09 0.0276 62 TO 64 2.7891 444.53 0

IST-10C 72 TO 73 2.7666 448.15 0.0288 71 TO 73 2.7816 445.73 0

IST-10D 59 TO 60 2.7044 458.45 0.0319 58 TO 60 2.7735 447.03 0

IST-10E 63 TO 64 2.6883 461.2 0.0318 62 TO 64 2.774 446.94 0

IST-10F 72 TO 73 2.6449 468.77 0.0308 71 TO 73 2.791 444.23 0

ES1 ES2
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SPECIES ORBITAL NO ENERGY IN ev λ (nm) f

IST 36 TO 39 AND 38 TO 40 4.1377 299.65 0.1487

IST-10 51 TO 56 AND 53 TO 56 AND 55 TO 57 4.2124 294.33 0.1078

IST-10A 57 TO 60 AND 59 TO 61 4.1873 296.09 0.1209

IST-10B 61 TO 64 AND 63 TO 65 4.0033 309.7 0.2298

IST-10C 70 TO 73 AND 72 TO 75 3.8655 320.75 0.2768

IST-10D 57 TO 60 AND 59 TO 61 4.1005 302.36 0.1318

IST-10E 61 TO 64 AND 63 TO 65 3.9275 315.68 0.093

IST-10F 70 TO 73 AND 72 TO 74 3.7796 328.04 0.067

ES3

 

3.5 Thermochemistry 

The data in Table 8 shows values of ∆H˚ and ∆G˚ for keto-enol tautomerism and conformational 

isomerisation for enol form of isatin and its various derivatives. 

Table 8 ∆H˚ and ∆G˚ values in Kcal/mol for Tautomerisation and Conformational isomerisation  

SPECIES ∆H˚tauto ∆H˚iso ∆G˚tauto ∆G˚iso 

IST 14.032984 -0.123 14.1917 -0.08848 

IST-10 13.621338 0.02698 13.782 0.048318 

IST-10A 13.362804 -0.0772 13.531 -0.05083 

IST-10B 13.300681 -0.0088 13.4557 0.018198 

IST-10C 13.333939 -0.0257 13.5165 -0.01004 

IST-10D 14.11958 0.40474 14.2878 0.420431 

IST-10E 14.616567 0.41353 14.7509 0.431099 

IST-10F 14.711949 0.36898 14.8337 0.36772 

 

3.5.1 Keto-Enol Tautomerisation 

The values of ∆H˚ and ∆G˚ are quite close for each species, suggesting effect of temperature on ∆G˚ is not 

dominant or change in entropy (∆S˚) is relatively small. As we move from species IST-10 to IST-10F there is 

a general trend of increasing ∆H˚ and ∆G˚, suggesting that the later species (IST-10E and IST-10F) have 

reactions that are increasingly endothermic and less spontaneous compared to earlier ones (IST-10, IST-10A, 

IST-10B etc.). Isatin and IST-10D are sharing similar ∆H˚ and ∆G˚ values indicating similar energetic profile 

for keto-enol tautomerism and conformational isomerisation. Species IST-10E and IST-10F show highest 

values, suggesting they are the most energetically demanding to form. Therefore, we can conclude that 

introducing halogen at 9th position is less favourable thermodynamically than at 11th position. Nature of 

halogen present at 11th position does not affect much the values of ∆H˚ and ∆G˚ whereas at 9th position it 

affects ∆H˚ and ∆G˚ significantly. The species having halogen present at 11th position is thermodynamically 

easy to form than at 9th position as indicated by their ∆G˚ values. 
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3.5.2 Conformational Isomerisation of Enol Form 

It is clear from the data reported in Table 8 that ∆H˚ and ∆G˚ for the conformational isomerisation of Enol 

is approximately zero for all the species which suggests that there is no significant heat exchange with the 

surroundings during the process, indicating it is neither strongly exothermic nor endothermic and also the 

process is very close to equilibrium implying no significant spontaneous reaction in either direction under 

standard conditions. 

3.6 Global Reactivity Parameters 

Table 9 Global reactivity parameters of isatin and its halogen derivatives 

SPECIES HOMO (ha) LUMO (ha) HOMO NO LUMO NO HLG (ha) DM (Debye)

IST -0.25576 -0.04231 38 39 0.21345 6.3848

IST-10 -0.25491 -0.12341 55 56 0.1315 5.6031

IST-10A -0.26107 -0.12524 59 60 0.13583 4.2493

IST-10B -0.26057 -0.12751 63 64 0.13306 4.4989

IST-10C -0.26014 -0.1277 72 73 0.13244 4.6334

IST-10D -0.26137 -0.13067 59 60 0.1307 4.3143

IST-10E -0.26094 -0.13082 63 64 0.13012 4.4052

IST-10F -0.26038 -0.13061 72 73 0.12977 4.5247  
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χ (ha) μ (ha) η (ha) S (ha) Ꙍ (ha) N (ha)

-0.149035 0.149035 0.106725 4.6849379 0.0745175 0.09291

-0.18916 0.18916 0.06575 7.6045627 0.09458 0.09376

-0.193155 0.193155 0.067915 7.3621439 0.0965775 0.0876

-0.19404 0.19404 0.06653 7.5154066 0.09702 0.0881

-0.19392 0.19392 0.06622 7.5505889 0.09696 0.08853

-0.19602 0.19602 0.06535 7.6511094 0.09801 0.0873

-0.19588 0.19588 0.06506 7.6852136 0.09794 0.08773

-0.195495 0.195495 0.064885 7.7059413 0.0977475 0.08829  

*Figures in parenthesis are HOMO No. and LUMO No.  

To understand electronic properties and potential chemical reactivity of isatin and its derivatives we 

calculated various Global Reactivity Parameters from HOMO LUMO values of the molecules. 

3.6.1 HLG (HOMO LUMO Gap) 

Starting from isatin and moving towards the derivatives labelled IST-10 through IST-10F, there is a general 

trend of narrowing HLG. This trend suggests that introduction of X at any position (10th/11th/9th) alters the 

electronic properties of molecules in such a way that HLG decreases. Introduction of -Br at 10th position of 

isatin decreases its HLG significantly and hence increases the electron mobility within molecule. Among the 

derivatives HLG decreases from IST-10A to IST-10F with the smallest gaps observed for IST-10E and IST-

10F, indicating that 9th position decreases HLG more than at 11th position of 10-Bromoisatin. This may be 

attributed to the less steric hinderance at position 9th than 11th, due to which lone pair of halogen at 9th position 

can enter into resonance better than 11th position. 

3.6.2 Dipole Moment (DM) 

Although there is variability in dipole moment among all eight species, the derivatives generally have 

lower dipole moment as compared to isatin indicating that introduction of halogen tend to reduce molecular 

polarity in the isatin due to +R effect. The dipole moment decreases significantly from isatin (6.3848 D) to its 

first derivative IST-10 (5.6031 D) suggesting a reduction in molecular polarity, which indicates that 

introduction of Br at position 10th of isatin ring makes charge distribution more symmetrical, due to its -I 

effect. Among the derivatives, there is a range of dipole moment values from as low as 4.2493 D (IST-10A) 

to as high as 4.6334 D (IST-10C). It has been observed from dipole moment values that fluoro derivative of 

IST-10 at 11th position has less dipole moment than at 9th position suggesting that -I effect of F is more 

effective from 11th position than 9th position. The opposite is true incase of chloro and bromo derivatives of 

IST-10. This may be due to the large size of Cl and Br which results in crowding at 11th position and hence 

its -Ieffect. 

 

http://www.jetir.org/


© 2024 JETIR March 2024, Volume 11, Issue 3                                          www.jetir.org(ISSN-2349-5162) 

 

JETIR2403719 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org h129 

 

 

3.6.3 Electronegativity (χ) 

Isatin has a χ value of -0.149035. This is the least negative value in the list suggesting that among the listed 

species in Table 9,Isatin has the lowest tendency to attract electrons under the conditions. Species IST-10 

through IST-10F show a range of χ values from -0.18916 to -0.19602. All these values are more negative than 

that of isatin, indicating a higher tendency to attract electrons. This suggests that these species are more 

electronegative than isatin according to these χ values. The progression from IST-10A to IST-10C shows a 

general trend of increasing electronegativity while progression from IST-10D to IST-10F shows decreasing 

electronegativity with a maximum found at IST-10D. Species IST-10D has highest electronegativity (-

0.19602), closely followed by species IST-10E and IST-105F. It is clear from the Table 9 that putting halogen 

at 9th position increases electronegativity of 10-Bromoisatin more than putting halogen at 11th position. Upon 

comparing electronegativity of IST-10A and IST-10D, we can say that -F at 9th position of 10-Bromoisatin is 

more effective in increasing electronegativity of molecule than at 11th position. So, IST-10D has greater ability 

to stabilize negative charge in reaction intermediates among all species. 

3.6.4 Chemical potential (μ) 

Isatin has µ value of 0.149035. This value serves as the baseline for comparison with other species listed 

in Table 9. Species IST-10to IST-10F show µ values ranging from 0.18916 to 0.19602. All these values are 

higher than isatin suggesting attachment of halogen increases the chemical potential of isatin. Higher chemical 

potential of halogenated isatins imply that they are more likely to react or participate in chemical processes 

as compared to isatin. Also IST-10D has highest value of µ suggesting its highest tendency to undergo reaction 

among all eight species. The differences among µ values of species IST-10A through IST-10F are relatively 

small, indicating their µ are quiet similar. From the Table 9 it is clear that halogen at 9th position results in 

more µ than at 11th position in case of 10-Bromoisatin indicating that 9th position is more sensitive for 

hardness. IST-10D is showing maximum µ because of small size and high electronegativity of F coupled with 

sensitivity of 9th position of 10-Bromoisatin.  

3.6.5 Global hardness (η) 

Isatin with η value of 0.106725, stands out as having a significantly higher global hardness compared to 

the other species listed in Table 9. This suggests that isatinis comparatively more resistant to change or 

deformation than the other species because higher hardness implies a more stable electron cloud, which is less 

amenable to change. The introduction of -Br at 10th position of isatin decreases η value and making it more 

susceptible for deformation. There appears to be general trend of decreasing η from IST-10A to IST-10F 

suggesting that as electronegativity of halogen decreases η also decreases and change in nature of halogen at 

9th position of 10-Bromoisatin results in much lower value of η than 11thposition. Lowest value of η is reported 
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for IST-10F indicating that it can more easily undergo changes in electron cloud, making it more flexible to 

participate in chemical reactions due to low electronegativity and bigger size of -Br. 

3.6.6 Global Softness (S) 

Isatin with a S value of 4.684937925, has lowest softness index suggesting it to be lessreactive than others. 

Introduction of -Br in isatin at 10th position increases its softness andhence reactivity. There seems to be a 

trend of increasing softness from compound IST-10A to IST-10F suggesting an increased reactivity and 

tendency to form chemical bonds and participate in reactions. Also as electronegativity of halogen decreases, 

softness increases and higher value of softness arise from halogen at 9thposition of 10-Bromoisatin than 11th 

position. Highest value of S for IST-10F further confirms its highest reactivity among all eight species. 

 

3.6.7 Global Electrophilicity Index (Ꙍ) 

Global electrophilicity index is a quantitative measure of molecule’s electrophilicity or probability to 

accept electrons. From Table 9, it is clear that isatin has the lowestelectrophilicity among all eight species. 

The introduction of halogen in isatin increasesits electrophilicity due to their -I effect. Halogen derivatives of 

isatin show a gradual increase in electrophilicity from IST-10 to IST-10F with IST-10E and IST-10F having 

nearly the same values, suggesting that they are among the strongest electrophiles in this list. The trend in 

electrophilicity values indicate that electron withdrawing groups enhance theelectrophilicity of isatin core. 

 

3.6.8 Global Nucleophilicity Index (N) 

N can be calculated using the following empirical equation: 

N= HOMOcompound – HOMOTCN 

HOMO of TCN = -0.34867 ha 

IST-10 has a slightly higher Global Nucleophilicity Index of 0.09376 compared to the reference IST, 

suggesting that it's slightly more nucleophilic. IST-10A to IST-10F are variants of what might be the original 

IST-10 species. Their Global Nucleophilicity Index values vary from 0.0873 to 0.08853. All of these values 

are lower than the reference IST and the IST-10, indicating that these variants are less nucleophilic compared 

to the reference.It has been observed from the data that the halogen at 11th position makes 10-Bromoisatin 

more nucleophilic than at 9th position. Also nucleophilicity of the halogen derivative of 10-Bromoisatin 

increases as we change the nature of halogen from F to Br due to decrease in -I effect of halogen. 

 

3.7 Vibrational Spectra of isatin and its halogen derivatives 

The calculated vibrational wavenumbers, corresponding intensities and description of isatin and its halogen 

derivatives are reported in Table 10-17.  
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Table 10 Vibrational spectra of IST 

S.NO FREQ INTENSITY DESCRIPTION 

1 1811.13 423.023 Stretching mode of O1-C6 and O2-C7 

2 1656.62 337.643 

Stretching mode of C5-C9 coupled with antisymmetric stretch of C10-

C8-C4 and bending mode of N3-C12, C9-H14, C110-H15, C8-H13 

3 1831.85 301.833 Stretching mode of C7-O2 an C6-O1 coupled with N3-H12 

4 511 115.886 Bending mode of C7-N3-H12 (wagging) 

5 1496.85 84.7215 

Stretching mode of C8-C10 and C4-C5 coupled with bending mode of 

C8-H13, C11-H16 and C9-H14 

6 1348.6 64.0745 

Antisymmetric stretch of C8-C4-C5, C11-C9-C5, C10-C11-C9 

coupled with bending mode of C8-H13, C10-H15, C9-H14 and N3-

H12 

7 765.96 60.0498 Bending mode of C9-H14, C11-H16, C10-H15 and C8-H13 

8 1158.15 59.2629 

Antisymmetric stretch of C5-N3-C7 coupled with stretching mode of 

C4-C6 and N3-C7 along with bending mode of C8-H13, C10-H15, 

C11-H16, C9-H14 and N3-H12 

9 3629.38 51.7689 Stretching mode of N3-H12 

10 1190.08 51.3052 

Stretching mode of C7-N3 coupled with bending mode of H15-C10, 

H16-C11,H14-C9 (in plane) 

11 1404.7 49.0802 

Antisymmetric stretch of C4-C8-C10, C8-C10-C11, C10-C11-C9 

coupled with stretching mode of N3-C5 and bending mode of N3-H12, 

C9-H14, C11-H16, C8-H13 bonds  

 

Table 11 Vibrational spectra of IST-10 

S.NO FREQ INTENSITY DESCRIPTION 

1 1815.06 470.322 Stretching mode of C6-O1(major) and C7-O2(minor) 

2 1834.1 295.573 

Stretching mode of C6-O1(minor) and C7-O2(major) coupled with 

bending mode of N3-H12 

3 1650.08 265.644 

Antisymmetric stretch of C11-C9-C5 and C4-C8-C10 coupled with 

bending mode of C8-H13, C9-H14 and N3-H12 bonds 

4 1491.24 154.911 

Stretching mode of C4-C5 coupled with antisymmetric stretch of C8-

C10-C11 and bending mode of C11-H15, C8-H13 and C9-H14 bonds 

5 1197.31 122.318 

Antisymmetric stretch of C4-C6-C7 coupled with bending mode of C8-

H13, C11-H15 and C9-H14 bond 

6 506.94 116.729 

Out of plane bending of C7-N3-H12 bond (wagging), C6-C7, H13-C8, 

H15-C11 and H14-C9 bonds 

7 1138.94 95.1121 Bending mode of C11-H15 bond and C9-H14 bond 

8 1463.59 91.4056 

Stretching mode of C9-C11 bond coupled with symmetric stretch of 

C10-C8-C4 and bending mode of H15-C11, H14-C9, and H12-N3 bond 

9 3629.08 60.8597 Stretching mode of N3-H12 bond 

10 1288.9 57.5583 Bending mode of C8-H13 and C11-H15 bond 

 

Table 12 Vibrational spectra of IST-10A 

S.NO FREQ INTENSITY DESCRIPTION 

1 1654.54 469.474 

Stretching mode of C5-C9 bond coupled with antisymmetric stretch of 

C10-C8-C4 and bending mode of C9-H14, C8-H13, N3-H12 

2 1814.24 418.061 Stretching mode of C6-O1 (major) bond and C7-O2 (minor) bond 

3 1838.3 320.504 Stretching mode of C6-O1 (minor) bond and C7-O2 (major) bond 

4 1320.01 160.493 

Bending mode of N3-H12, C8-H13,C9-H14 coupled with stretching 

mode of H16-C11  

5 1464.87 156.896 

stretching mode of C8-C10, C9-C11, N3-C5 coupled with bending mode 

of N3-H12 and C8-H13 

6 1177.59 153.714 

Antisymmetric stretch of C7-C6-C4 coupled with bending mode of C4-

C8-C10 bond (scizzoring) and C9--H14 bond 

7 1150.43 123.441 

Stretching mode of N3-C7 bond coupled with bending mode of C9-H14, 

C8-H13 and N3-H12  

8 509.99 100.926 out of plane bending (wagging) mode of C7-N3-H12 

9 1499.85 71.9901 

Symmetric stretch of C9-C11-C10 and C8-C4-C5 coupled with bending 

mode of C9-H14, C8-H13 and N3-H12 
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10 3628.04 66.74 Stretching mode of N3-H12 bond 

11 1378.77 60.4444 

Antisymmetric stretch of C9-C11-C10 coupled with stretching mode of 

C4-C8 and bending mode of N3-H12 

 

Table 13 Vibrational spectra of IST-10B 

S.NO FREQ INTENSITY DESCRIPTION 

1 1649.25 506.423 

Antisymmetric stretch of C11-C9-C5 bond and C10-C8-C4 bond 

coupled with bending mode of C8-H13, C9-H14 and N3-H12 bonds 

2 1814.63 474.501 Stretching mode of O1-C6 (major) and O2-C7 (minor) 

3 1836.64 316.179 

Stretching mode of O2-C7 (major) and O1-C6 (minor) coupled with 

bending mode of N3-H12 

4 1173.62 182.546 

Stretching mode of C4-C6 bond coupled with in plane bending mode 

(scizzoring) in C11-C9-C5 bond and C10-C8-C4 bond 

5 1440.59 117.382 

Stretching mode of C10-C8 and C11-C9 bonds coupled with bending 

mode of C8-H13, C9-H14 and N3-H12 

6 1482.47 110.416 

Symmetric stretching of C5-C4-C8 coupled with bending mode of H14-

C9 and H13-C8 

7 511.53 102.643 Bending mode of N3-H12 

8 1110.08 83.2345 

Stretching mode of C10-C11 bond coupled with bending mode of C8-

H13 and C9-H14 

9 3628 64.2756 Stretching mode of N3-H12 

10 1292.08 53.1211 

Antisymmetric stretching mode of C11-C10-C8, C5-C9-C11, C8-C4-C5 

coupled with bending mode of N3-H12 and C8-H13 

 

Table 14 Vibrational spectra of IST-10C 

S.NO FREQ INTENSITY DESCRIPTION 

1 1645.87 536.872 

Antisymmetric stretch of C10-C8-C4 bond and C5-C9-C11 bond 

coupled with bending mode of N3-H12, C9-H14 and C8-H13 bond 

2 1814.53 499.214 Stretching mode of O1-C6 bond (major) and O2-C7 bond (minor) 

3 1836.4 315.336 

Stretching mode of O2-C7 bond (major) and O1-C6 bond (minor) 

coupled with bending mode of N3-H12 bond 

4 1172.05 188.801 

Antisymmetric stretch of C7-C6-C4 coupled with bending mode of N3-

H12 bond and C5-C4-C8 bond (In plane) and C5-C9-C11 bond (In plane) 

5 1479.84 115.713 

Symmetric stretch of C10-C11-C9 and C5-C4-C8 coupled with bending 

mode of C9-H14 and C8-H13 bond 

6 1435.33 112.785 

Stretching mode of C8-C10 bond and C11-C9 bond coupled with 

bending mode of C8-H13, C9-H14 and N3-H12 bonds 

7 510.31 102.428 

Out of plane bending of N3-H12 bond and O2-C7-N3 bond and O1-C6-

C4 bonds (wagging) 

8 3628.17 63.2277 Stretching mode of N3-H12 bond 

9 1101.03 58.8693 

Symmetric stretch of C10-C11-C9 bond coupled with bending mode of 

C8-H13 bond and C9-H14 bond 

 

Table 15 Vibrational spectra of IST-10D 

S.NO FREQ INTENSITY DESCRIPTION 

1 1819.71 452.674 Stretching mode of O1-C6 (major) and O2-C7 (minor) 

2 1838.61 304.738 

Stretching mode of O1-C6 (minor) and O2-C7 (major) coupled with 

bending mode of N3-H12 

3 1493.86 266.858 

Stretching mode of C8-C10, C9-C11, C4-C5 and C5-N3 coupled with 

bending mode of C11-H14 and C8-H13 

4 1668.39 213.996 

Stretching mode of C5-C9 and C4-C8-C10 (antisymmetric) coupled with 

bending mode of N3-H12 and C8-H13 bond 

5 1308.86 161.116 

Stretching mode of C10-C11, C5-C9, C4-C8 and C9-F16 coupled 

withbending mode of N3-H12 and C8-H13 

6 1224.34 127.898 

Stretching mode of C6-C4 coupled with bending mode of N3-H12, C11-

H14, C5-C4-C8 (scizzoring), C8-C10-C11 (scizzoring), C10-C11-C9 

(scizzoring) 

7 1158.2 123.916 

Stretching mode of N3-C7 coupled with bending mode of C8-H13, C11-

H14, N3-H12 and C8-C4-C5 (Scizzoring) 
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8 490.05 95.318 Bending mode of N3-H12 

9 3631.67 85.5257 Stretching mode of N3-H12 

10 1397.7 52.5453 

Bending mode of N3-H12, C11-H14, C5-C9-C11 (Scizzoring) coupled 

with antisymmetric stretch of C11-C10-C8, C10-C8-C4 

 

Table 16 Vibrational spectra of IST-10E 

S.NO FREQ INTENSITY DESCRIPTION 

1 1819.2 478.988 Stretching mode of C6-O10 (major) and C7-O20 (minor) 

2 1838.8 306.499 

Stretching mode of C6-O10 (minor) and C7-O20 (major) coupled with 

bending mode of N3-H12 

3 1479.1 283.53 

Stretching mode of C10-C8 and N3-C5-C4 (antisymmetric) coupled with 

bending mode of C8-H13, C11-H14 and N3-H12 

4 1647.52 238.189 

Antisymmetric stretch of C10-C8-C4 and C11-C9-C5 coupled with 

bending mode of C8-H13 and N3-H12 

5 1158.39 181.597 

Stretching mode of N3-C7 coupled with bending mode of C8-H13, C11-

H14 and N3-H12 

6 1179.65 74.1172 

Stretching mode of C9-Cl16, C10-Br15 and C4-C5 coupled with bending 

mode of C11-H14 

7 3626.21 71.2865 Stretching mode of N3-H12 

8 486.05 63.66 Out of plane bending of N3-H12, C11-C9-Cl16, C5-C9-Cl16 

9 1294.27 57.9793 

Antisymmetric stretch of C4-C8-C10, C8-C10-C11, C10-C11-C9, C11-

C9-C5, C9-C5-C4, C5-C4-C8 coupled with bending mode of N3-H12, 

C8-H13 

10 530 51.8875 

Out of plane bending of O20-C7-N3 (wagging), C7-N3-H12 (wagging), 

O10-C6-C7 (wagging), O10-C6-C4 (wagging), C9-C5-C4 (twisting), 

C9-C11-H14 (twisting), Cl16-C9-C11 (wagging), C4-C8-H13 

(twisting), C7-C6-C4 (twisting) 

11 1287.66 50.4373 

Stretching mode of C11-C9 and N3-C7-C6 (antisymmetric) coupled with 

in plane bending of C11-H14, C8-H13, C5-N3-C7 (scizzoring) 

 

Table 17 Vibrational spectra of IST-10F 

S.NO FREQ INTENSITY DESCRIPTION 

1 1818.8 496.081 Stretching mode of C6-O10 (major) and C7-O20 (minor) 

2 1837.61 298.153 

Stretching mode of C6-O10 (minor) and C7-O20 (major) coupled with 

bending mode of N3-H12 

3 1475.79 284.944 

Stretching mode of C10-C8, C5-C9-C11 (Symmetric), C4-C5-C9 

(Symmetric), C4-C5-N3 (Antisymmetric) coupled with bending mode of 

N3-H12, C8-H13, C11-H14  

4 1643.55 245.511 

Stretching mode of C10-C8-C4 (Antisymmetric), C5-C9-C11 

(Antisymmetric) coupled with bending mode of C8-H13 and N3-H12 

5 1157.6 224.576 

Stretching mode of N3-C7 coupled with bending mode of C8-H13, N3-

H12 and C11-H14 

6 527.47 75.903 

Out of plane bending mode of H12-N3-C7 (wagging), O20-C7-C6 

(wagging), O10-C6-C4 (wagging), C4-C8-H13 (twisting), Br16-C9-C5 

(wagging), C11-C9-C5 (wagging), N3-C7-O20 (wagging), C7-C6-O10 

(wagging), C5-C4-C6 (wagging), C4-C5-C9 (twisting), H14-C11-C9 

(twisting), C8-H13 

7 1291.07 72.1581 

Stretching mode of C11-C10-C8 (Antisymmetric), C4-C5-C9 

(Antisymmetric), C8-C4-C5 (Antisymmetric), C9-C11-C10 

(Antisymmetric), C5-C9-C11 (Antisymmetric), C10-C8-

C4(Antisymmetric), C7-N3 coupled bending mode of N3-H12, C8-H13 

and C11-H14 

8 3620.11 66.4323 Stretching mode of N3-H12 
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Conclusion 

Dibromoisatin derivatives exhibit a unique combination of chemical stability, reactive electronic 

properties, and favorable thermodynamics, which are likely to contribute their anticancer activity. The insights 

into their molecular behavior offer a foundation for understanding their mechanisms of action and for further 

development and optimization as anticancer agents. Dibromoisatin derivatives are characterized by their 

stability, which is crucial for their biological activity. The stability, influenced by the keto conformer, ensures 

that these compounds can interact effectively with biological targets without premature degradation. The 

thermochemical analysis suggests that dibromo derivatives are thermodynamically stable enough to 

participate in biological reactions. Their formation and stability under physiological conditions are essential 

for their efficacy as anticancer agents. The analysis of electronic transitions and global reactivity parameters 

indicates that dibromo derivatives possess unique electronic properties that may contribute to their interaction 

with biological molecules. The alterations in HOMO-LUMO gap, electronegativity, and other electronic 

parameters suggest a capacity for electron transfer and interaction with biomolecules, which is essential for 

anticancer activity. The global reactivity parameters, including chemical potential and global softness, 

indicate that dibromoisatin derivatives have a higher tendency to undergo chemical reactions. This reactivity 

could be exploited in targeting cancer cells, possibly through mechanisms involving reactive oxygen species 

(ROS) generation or interaction with DNA. The UV-Vis spectroscopy data suggest that dibromoisatin 

derivatives have distinct absorption characteristics, which could be relevant for their detection, tracking, and 

even for therapeutic applications that involve light activation. The vibrational spectra analysis provides 

insights into the molecular interactions and structural integrity of dibromoisatin derivatives. These interactions 

could be key in binding to specific biological targets, such as enzymes or receptors involved in cancer cell 

proliferation. The combined effects of stability, electronic properties, and chemical reactivity underpin the 

potential mechanisms through which dibromoisatin derivatives exert their anticancer effects. These could 

include inducing apoptosis, inhibiting angiogenesis, or interfering with the cancer cell cycle. Future research 

should aim to elucidate the specific biological pathways influenced by these compounds and to explore their 

potential in clinical settings. 
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