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Theoretical Methods

The gas phase acidity is measured by the calculating the enthalpy change (AH,ciq) for the proton
dissociation reaction given below

AH(g) — A" (9) + H'(9) 1

Where AH acid can be calculated by the equation 2

AHacid = AEqcia + A(pV) (2)

AEqq is the change of total molecular energy of the species involved in the equation 1 and the
electronic energy involves the electronic energy, the repulsion of nuclei, the zero point
vibrational energy (ZPVE) and the finite room temperature correction at 298.15 K.

The DFT-B3LYP method gives the satisfactory result for calculating the acidity which is
comparable to experimental result * . The series of papers published that reported the DFT
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methods are useful for calculating the electron affinity of molecules . Hence we have

optimized the compounds in B3LYP/6-31G(d) and further the single point energy calculated in
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B3LYP/6-311+G(2d,P) method. We have calculated the acidities of the compounds in solvent
medium. The PCM solvent model is important for determining the acidity ® °.We have calculated
the acidity of compounds 4a in DMSO solvent which based on previously reported the proton
transfer reaction between solvated acids and dimethyl sulfoxide molecule *°

AH + DMSO — A"+ DMSOH" + AHpwmso

Where A" is the conjugate base and A/Hpmso is enthalpy change in above equation. All
calculations are performed at IPCM/B3LYP/6-311+G(2d,p)//B3LYP/6-31G(d) level of theory by
using the thermal correction at B3LYP/6-31G(d) level of theory. We have calculated the pKa
values for compound 4a by using equation 3 which is previous reported to calculate the pKa for
neutral organic acid *.

pKa(exp) = 0.661. A\Hpmso — 7.7 (3)

Al calculations were performed with the GAUSSIANO9 program package ™
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Scheme S1 The process of tautomarization of hydrogen from sp® carbon atom of 1a on the nitro

group, forming -N(O)OH.
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Figure S1 The potential energy diagram for the transfer of proton from sp® carbon center of 1a
to sp® carbon center of 1c and from 1c to 1d at B3LYP/6-311+G(2d, p)//B3LYP/6-31G(d)

method. (The energies are given in kcal/mol)



Figure S2 The geometrical parameters for la, 2a, 3a and 4a molecules and their conjugate

bases. (The red color numbers indicate the dihedral angle (-C3-C4-C7-Cs)
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Scheme S2 The process of tautomarization of hydrogen from sp® carbon atom of 2a, forming

ketene imine (2d).
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Figure S3 The potential energy diagram for the transfer of proton from 2a to 2d at B3LYP/6-

311+G(2d, p)//B3LYP/6-31G(d) method. (The energies are given in kcal/mol).
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Figure S4 Structure of ketene imine tautomers of octacyano substituted 1-(cyclopenta-2,4-dien-

1-yl)-4-nitrobenzene and cyano group substituted 3-(cyclopenta-2,4-dien-1-ylmethylene)-6-

methylenecyclohexa-1,4-diene and their relative energies with respect to tautomers (2a and 4a

respectively) obtained with B3LYP/6-311+G(2d,p)//B3LYP/6-31G(d) in gas phase (in kcal/mol)



Table S1 The AHaiq values calculated at B3LYP/6-311+G(2d,p)//B3LYP/6-31G(d) level of

theory at gas phase for the compounds 2d, 2e, 4d, and 4e.

Molecules Energy Hcorrected AHcig
2d -1367.89780 0.18942 256.5
2e -1367.90185 0.18950 258.9
2 -1367.48015 0.17809 -
4d -1517.49048 0.22001 238.8
4e -1517.49048 0.21020 246.63
4 1517.09638 0.2088 -
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Figure S5 The potential energy diagram for the transfer of proton from sp® carbon center of 3a

to sp® carbon center of 3c and 3c to 3d with B3LYP/6-311+G(2d, p)//B3LYP/6-31G(d) level of

theory. (The energies are given in kcal/mol).
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Table S2. B3LYP/6-31G(d) optimized Cartesian coordinate of compounds 1a, 2a, 3a, and 4a
(The electronic energies (E) are given in atomic unit).

la 1
E= -629.87011 E =-629.40585
C 0.69107800 0.05654000 -0.00000700 | C -0.76203500 0.00000000 -0.00001700
C -0.01771600 -1.16414500 -0.00009400 | C 0.00541100 1.21146500 -0.00005000
C -1.40597400 -1.19894700 -0.00008000 | C 1.38131600 1.21646400 -0.00006100
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